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M ix in g  A p p a r a t u s
or EV ER Y :, PURPOSE

M ixing
M achinery

Vacuum  Kneaders  
R ubber M achinery  
Rapid Dissolvers 

Filter Presses
(High Pressure)

A u tom atic
W eighing Scales

C o m p l e t e l y  
D e s c r i b e d  a n d  

I l l u s t r a t e d  
in this new

W. & P .
C a t a l o g u e

TH E  A m erican  m a rk et for p roducts, heretofore o b ta in ab le  on ly in E urop e, is g e ttin g  la r
ger e v e r y  d a y . T h e  tim e is ripe for y o u  to  b e tte r  y o u r m ethods and  increase your prof
its w ith  more m ach in ery  and improved m achin ery.

T h e  W ern er &  Pfleiderer C o m p a n y ’s new  cata lo g  o f n ea rly  100 pages teem s w ith  suggestion s 
ap p licab le  to  y o u r business. I t  com p lete ly  describes and  illu strates th e  latest in R u b b er M a 
chinery, V acu u m  K n eaders, M ix in g  M a ch in e ry , R a p id  D isso lvers, H igh  P ressure F ilter' Presses, 
A u to m a tic  W eigh in g M a ch in e s and th e  oth er prod u cts o f th is com pany.

Send for this new catalog today. A request will bring it to you.

Our Service Department is R eady to Help You
The Werner and Pfleiderer Com pany is universally rocognized as a leading authority 011 all 
subjects pertaining to the treatment of materials during different stages of manufacture. We 
co-operate fully with any concern seeking better methods.
Tell our service department your problems. Consulting services are without charge, and 
strictly confidential.

W erner &  P f le id e re r  C om pany
E m il Staehle, Cen’l Mgr.

Saginaw, M ichigan, U. S. A.
New York Philadelphia San Francisco
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Corrosiron Globe Valves and 
Plug Cocks in Stock

The A llo y  for Y o u r W o rk
Corrosiron can be m achined— readily so.

It has given an unusual d egree of satisfaction in its adaptation 

to the m anufacture of a great range of C h em ica l A p p aratu s.

W e  ask yo u  to test Corrosiron in order to determ ine its merits 

as a suitable a llo y  for you r conditions.

It can b e  cast in com plicated  and intricate shapes. It can be 

poured around steel pipes, shafts, etc. It can b e  successfully 

m olded into thick and heavy parts. A l l  pourings can b e  du

p licated  from accurate records w h en  necessity dem ands.

Globe Valves and Plug Cocks 
Carried in Stock

Pacific F oundry  Company
Harrison and Eighteenth Sts. 

San Francisco, Cal.
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G-E Com plete Electrical Equipment 
for Cranes Assures Speed with Safety
G -E engineers have studied crane requirements and designed electrical apparatus to meet known operating conditions. 
E very requirement for stopping or starting and the entire operating cycle is fully met b y  specially designed apparatus.

M otors
Interpole motors, capable of standing heavy overloads, are manufactured in any speed or horse power needed. These 
motors have split frames and large handholes for accessibility and can be disassembled without disturbing back gearing.

Brakes
G -E  crane motors are furnished with automatic solenoid brakes which work without jar or shock and make automatic 
compensation for brake shoe wear. Brake shoes made of metallized asbestos compound give a high coefficient of fric
tion with but little wear.

Resistors and Protective Panels
The G -E  Standard for crane equipments is to supply all resistor sections of uniform size, which reduces the number 
of spare parts needed to a minimum. The design of the cast iron grid resistance units is such as to avoid the 
danger of short circuits by  vibration and double insulation protection against grounding is provided.
Protective devices are furnished in small panel units which can be attached in any convenient place. A  push knob 
on master panel.opens line in an emergency and overload protection is afforded at all times.

Controllers
Horizontal or vertical handle controllers are furnished which are absolutely reliable and very accessible. They are 
equipped with magnetic blowouts, arc chute protecting covers and many refinements which twenty years of controller 
building suggested.

Your inquiry for com plete electrical crane equipm ent is solicited.

Crane wi t h  G- E E q u i p m e n t ,  Davi son Gheni i c î û v
C o mp a n y ,  Ba l t i mo r e .  Md.  (Covers Tfemo$jd ’ . - .

f r o m p an el board for photographlng.jFV v

General E lectric C om pany
General Office: Schenectady, N. Y.

A ddress N earest C ity
B o sto n , M a ss . N ew  Y ork , N . Y . P h ila d e lp h ia , P a . A tla n ta , G a. C in c in n a t i ,  O h io  
C h ica g o , 111. D en v er, C o lo . S a n  F ra n c isco , C a l. D e tr o it , M ic h . (G .E . C o . o f M lch .j  

S t .  L o u is , -Mo. D a lla s , T e*. (So. W est G .E . C o.)
6876
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BARIUM SULPHIDE 
BARIUM CHLORIDE 

BARIUM CARBON ATE 
SODIUM SULPHIDE

A  b rand  new  and  th o rou gh ly  equipped p la n t for the production  of the 
ab o v e articles w ill be a v a ila b le  sh o rtly  for in terested  m anufacturers.

W ith  sligh t changes and  addition s the fa cto ry  can be em p loyed  to m ake

LITHOPHONE
and variou s sulphides, and, indeed, a n y  chem icals in w h ich  p a rt or all 
of the fo llow in g eq uipm en t can  be u tiliz e d :

CR U SH IN G — 10" x 16" J a w  C ru sh er; R o ta r y  Crusher, and 30" V e r
tical E m e ry  M ill.

FU R N A C IN G — T w o  R o ta r y  K iln s, 6 ' o " diam eter.

S O LU T IO N — A  large num ber o f round and rectan gu lar iron and 
w ood and lead-lined tan ks. M e ta l tan ks m ostly  3/8" steel.

EV A P O R A T IO N — T w o  double effect E vap orators, com plete. T o ta l 
h ea tin g  surface 1786 sq. ft.

F ILTER  PR E SSE S — CEN TRIFU GES — CRYSTALLIZING PANS

P O W D E R IN G — R a y m o n d  P u lv erizer  w ith  cyclon e air sep arator and 
filter.

LA BO R ATO R Y— Well equipped.

T h e  p ro p erty  com prises ten  acres and a m ain building, 310 x 125, of 
in terlockin g h ollow  tile, reinforced concrete and steel, w ith  concrete 
roof, etc. I t  is served  b y  a  railroad  m ain line sid ing and industrial 
tra c k s  in interior.

P ow er p la n t— tw o B . &  W . B oilers, 150 H . P . each, and one 250 
I i .  P . B  a ll-C orliss E ngin e.

A m p le w a ter su p p ly  from  ow n artesian  wells, and  tw o  steel tow er 
ta n k s 3 5 ' h igh . E le ctric  ligh tin g  system . M a ch in e shop and m achin ery 
spares, etc.

W e are not in the real estate business, but this exceptional 
property is in the hands of friends that we are most anxious 
to serve and who have asked us to bring it to the attention 
of chemical manufacturers. W e shall be glad to send you 
further particulars if you are interested.

FR A N K  H E M IN G W A Y , INC.
82 B E A V E R  STREET. NEW  YO RK  C IT Y

Manufacturers, Importers and Exporters 
Intermediates, Dyestuffs, Chemicals, Pharmaceuticals

Cable Address : Wayhem, New York Telephones : Hanover, 1462, 1463 and 7574

Dinitrobenzol Diphenylamine Benzyl Chloride Picramic Acid  
Disnlphuryl Chloride



T he standard W E B R E  construction permits the use of 
this machine for practically any material and the removal 
of volatile constituents and 'lion-condensable gases permits 
its use where many other standard types cannot be em
ployed.

The Standard W E B R E  involves:
Simple construction
Removal of non-condensable and corrosive gases
Ease of cleaning
Exact and efficient level control
High velocity circulation
Reversible liquor flow
High efficiency permitting use with low tem

perature drop
There are, of course, special features in the design of 

evaporators for particular work.
We can furnish these types in any size and for the efficient 

handling of all materials, such as:

Sugar, Salt, Glycerine, Potash, Tanning E x
tracts, Dye-wood Extracts, Sulphates, Caustic 
Soda, Sodium, Benzosulphonate, Ammonium 
Phosphate, Urea, Water, Tomato Pulp, Glucose,
Glue, Gelatine, Black Liquor, Sulphite Waste,
Calcium and Magnesium Chlorides, Pyroligneous 
Acid, Calcium Acetate, Sodium and Potassium 
Nitrates, Mercerizing Liquors, Garbage Water,
Distillery Waste, etc.

E. B. BADGER &  SO N S CO.
B O ST O N , M A SS., U . S. A .
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Webre
Evaporate
Patents

control
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BENZOL
W c have constructed  a  larger num ber 

of stills for benzol, toluol, etc ., th an  any 
o ther concern in th e  U nited S tates. 
O ur cast-iron construction, au tom atic  
flow pressure regulation and  general 
design are d istinctly  advantageous for 
th is  work.

ACETONE
T he production  of acetone for sm oke

less pow der work from  ace ta te  of lime, or 
d irec t from  acetic acid, requires expert 
knowledge of distilla tion  and very  effi
cient stills. W e have constructed , or 
have under construction, acetone refining 
stills of proved design w ith an aggregate 
capacity  of 8000 gallons per day  finished 
product.

AM M ONIA 
W e have designed special types of cast 

.iron am m onia stills which are a  great 
im provem ent over the  o rd inary  type  as 
regards efficiency, ease of cleaning, etc. 
T he  special problem s involved in handling 
ordinary am m onia liquor, produce pure  
aqua-am m onia, and  in producing am 
monia from calcium  cyanam id, have 
been solved by  the  use of our apparatu s.

ET H ER
We are constructors of probably 95%  

of the  e ther stills required  for smokeless 
powder work In th e  U nited S ta tes and  
C anada. Of m ore th a n  75 un its  installed 
for th is work we have none giving other 
th an  absolute satisfaction.

M ETHYL ALCOHOL
T he dem and for refined m ethyl alcohol 

for form aldehyde and dye work, as well 
as for o rd inary  solvent purposes, requires 
the  use of continuous stills for economical

fproduction. F o r years we have been per- 
ecting th is  type  of equipm ent, and  or

ders for four large stills received during 
the  past few m onths indicate th a t  our 
equipm ent is preferred alm ost exclusively 
for th is work.

CH LO R IN E C O M PO U N D S 
T he  handling of products such as sul

p h u r chloride, carbon tetrachloride, mono- 
and  dichlor benzol, tetrach lorethane, etc., 
involves special problem s of design and 
construction  such, for instance, as the  
design of homogeneous lead-lined vacuum  
stills.

O Q O O O O C
j O O O O O O S

There are few industries where problems involving 
distillation or condensation do not arise. More mis
takes are made in the installation of improper apparatus 
of this type than in any other line of chemical equip
ment.

Our. experience in handling all classes of material, 
and our organization and association, are such that 
we are able to handle any distilling problems with 
the assurance that the best results will be obtained.

If the material is to^be handled commercially, we 
can furnish apparatus for distilling; if not, we will 
undertake to design special apparatus to meet the 
conditions involved.

Our main object is to furnish the most efficient 
still possible for the purpose, and to give an apparatus 
which can be easily operated, which ■will be durable 
and will also give the highest grade of product possible 
to obtain.

E. B. BADGER &  SO N S CO
B O ST O N , M ASS., U . S. A .

can be had for the Largest 
W o rk  and Highest Degree 
of Refinement

Badger
S T I L L S



VWTATHTR. VANC S, 
OH rAM tU IL K A L L

of Special Design are han
d l in g  p r a c t i c a l l y  e v e r y  
Commercial Volatile Product
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ALCOHOL
T he production of pure e thy l alcohol 

from  ferm ented m ash was for m any  years 
handled  in a  very inefficient m anner. 
T h e  perfected stills which we have de
veloped for th is  purpose, in conjunction 
w ith the  B arbet Co., give a b e tte r prod
u c t w ith enorm ous econom y. T hese stills 
will gradually  replace all of th e  old ty p e  
now m use in th e  United S tates.

ACETIC ACID
U nits for the uistillation , refining or 

concentration  of acetic a d d  require ex
p e rt knowledge of construction  an d  de 
sign. W e have recently  furnished and  
have under construction , several com
plete p lan ts  for th is  work which are 
essential to  the  successful operation  of 
th e p la n ts in  question.

SALICYLIC ACID
The special design of s till, w ith  special 

lining required for handling th is valu
able product, is rig h t in ou r line. A p
pa ra tu s  which we have furnished and 
which is in successful operation , involves 
special features which only long experi
ence in design and  construction  has p u t 
us in a  position to  work out.

ANILINE
T he economical production  of aniline of 

proper boiling po in t requires the use of 
stills  of th e  sam e general design as our 
phenol stills. A pparatus which we have 
furnished for th is work is giving ex
cellen t results.

ACETALDEHYDE
T he distillation  of acetaldehyde from 

solutions is a  problem   ̂ requiring very 
careful design; ou r continuous stills for 
th is  purpose have solved the  problem .

PH E N O L
r iA n y  cast-iron still will produce phenol, 
b u t safety, econom y and quality  require 
carefully  designed apparatu s. W e have 
installations in operation having an 
aggregate capacity  of 150,000 pounds of 
pure  phenol per day. T he fact th a t  our 
stills are the  m ost expensive in th e  m ar
ke t, in conjunction w ith th e  above, te s
tifies to  results. T he m ost recen t article 
on Efficient Phenol P lan t Design speci
fies ap p ara tu s  of the  design which we 
have developed as the  best.

E. B. BADGER &  SO N S CÜ .
B O ST O N . M ASS., U . S. A .

WB ¡H r ™  
S l i i T l T

W W W
[ j n p f w i n n 1

Outside of the general design of stills, such as the 
arrangement and the proportions of the parts involved, 
B A D G E R  Stills possess special features, which in
clude Boiling Cap construction, liquid flow and feed 
regulators, pressure regulators, etc., none of which 
are embodied in the design and construction of other 
stills.

We construct practically all of our apparatus in 
our own shops. Our engineers have designed and 
patterned Badger Stills much after the principle of 
the famous Barbet Stills and in carrying out their 
specifications the work of construction is \ placed in 
the hands of expert workmen who have a complete 
knowledge of the metal working industry and its ap
plication to the building of stills.

All of the products enumerated on the 
margins of these two pages are being suc
cessfully handled by means of Badger Stills.
W e will be glad to furnish you with any in
formation which you may require regarding 
your problems of Distillation or Condensation.
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THE ENGINEERING SERVICE
of the

RAYMOND S S  SYSTEM
IS REAL SERVICE

Here Is What  One of  
Our Customers 

Writes Us:
“ We are now operating one of your No. 0 

Pulverizers which we have recently fitted with 
improved separator, thereby increasing our out
put about F I F T Y  B A R R E L S  per day."

TH IS  custom er installed our pulverizer 
six  years ago for the production o f a 
pure hydrated lim e. S in ce  that tim e, due 

to our po licy  of a lw a ys m aking every effort 
to im prove our m ills, w e  found that if w e  
substituted a sm aller size separator for the 
size w e  had been using w e  o btain ed  a m uch 
larger capacity besides producing a better 
grade of lime.

T h e  above custom er had the large 
separator and w h en  they asked for prices on 
an additional m ill to increase their capacity  
w e  furnished them w ith  the im proved sepa
rator, instead, w h ich  cost them a great deal 
less and produced the results ind icated  above.

T h is  incident is in direct line w ith  other 
im provem ents w e  have m ade in our m ills for 
the grinding of m any materials and our latest 
im proved R o lle r  M ills  cannot b e  equalled  
w h en  producing

P U L V E R I Z E D  C O A L

for use in all kinds of heating furnaces. 
T h e y  furnish the necessary requirem ents of 
large capacity and any fineness desired at 
small p ow er and repair costs.

Send for descriptive matter today

■THE COUPON IS FOR YOUR CONVENIENCE-

We design special m achinery and  
m ethods for Pulverizing, G rinding, 
Separating and Conveying all pow
dered products. We m anufacture  
A u tom atic Pulverizers, Roller 
M ills, V acuum  Air Separators, 
Crushers, Special Exhaust Fans 
and D ust Collectors.

Send for our Book

R A YM O N D  BROS. IM PA C T  
PU LV ERIZER  C O M PA N Y

1308 No. B ra n c h  S tr e e t ,  C H IC A G O , IL L . 

Please send us your literature.

N A M E .....................................................................................

S T R E E T ................................................................................

C I T Y ......................S T A T E ..................................................
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EDITORIALS
CHEMISTS AND PREPAREDNESS

T h e follow ing letter is now  being sent to  ev ery  
chem ist in  A m erica  whose nam e could be secured:

B y  request of the Council of National Defense, the Bureau 
of Mines, in cooperation with the American Chemical Society, 
will procure a Roster of Chemists of the United States. D ata 
covering the qualifications, experience and skill of each chemist 
are desired to determine the line of duty in which he could best 
serve the country in time of need.

European experience has shown that nothing is more im
portant in time of war or other national emergency than a 
knowledge of the qualifications and experience of the country’s 
expert technical men. Men whose knowledge was invaluable 
to the production of munitions ordnance, and supplies were 
killed in the trenches during the first months of the European 
war. This was due to lack of early information regarding 
individuals and has now been remedied in every European 
country. It  is therefore important, especially at present, that 
this information be available in the United States.

Y o u  are accordingly requested, as a patriotic duty not only 
to fill out the card which you will receive herewith, but to see 
that every chemist within your acquaintance receives one and 
does likewise. Additional cards will be furnished upon request. 
You  will please check only those subjects in which you are 
expert, especially where you have had actual manufacturing 
experience. Please return the card promptly, using the enclosed 
franked envelope. The information received will be carefully 
classified, carded and indexed. Y our prompt response to this 
matter will be very much appreciated.

V a n  H .  M a n n i n g ,  Director, Bureau of Mines 
J u l i u s  S t i b g l i t z ,  President, American Chemical Society 

T h e  letter is accom panied b y  b la n k  form s on which 
is requested inform ation  as to  person ality, experience 
and special qualifications. T h is inform ation  w ill be 
carefu lly  classified, indexed, and carded for fu tu re  use. 
It  is th e hope of the B ureau of M ines to  keep th is 
w ork up-to-date in fu tu re years.

For th e  purpose of m obilizing chem ical in v esti
gators th e fo llow ing letter is also being m ailed:

T o assist the Chemistry Committee of the National Research 
Council in its efforts to prepare for the use of the Government 
a classification of our chemical investigators, it is requested that 
you fill out the reverse side of this card. As the matter is 
urgent, it is hoped that you will give it  your careful attention.

M a r s t o n  T a y l o r  B o g e r t ,  Chairman,
Chemistry Committee, National Research Council 

T h e  inform ation  requested  includes lines of w ork, 
willingness to  aid th e G overnm en t in th e solution of 
problem s affecting th e  secu rity  and defense of our 
cou n try , preference in research and a vailab le  tim e for 
such w ork.

N o w ord of appeal is needed for this p atrio tic  d u ty . 
T h rough  President S tieg litz  we have a lready offered 
our services to  our cou n try. T h is is th e  first request 
m ade of us. T h e  answers to  these questionnaires should 
be im m ediate and unanim ous.

T h e  su b ject m atter is so tim ely, and the experience 
o f E n glan d  is so v ita lly  interestin g th a t we reproduce 
elsew here an a rticle  on “ C h em istry  in W a rtim e”  from  
th e E n glish  Journal.. The Chemical Trade Journal and 
Chemical Engineer.

AGAIN I SAY “ AMERICA FOR AM ERICANS”

In our last issue we announced the po licy  of a lw ays 
being w illing to  publish critic ism s'o f m atter appearing 
in T h i s  J o u r n a l ,  w ith th e  further statem en t th a t  those 
so criticized  w ould be given  op p o rtu n ity  to reply. 
W ith  com plete w illingness we include ourselves am ong 
those su b ject to  criticism , a t th e  sam e tim e reserving 
to ourselves th e  sam e privilege of reply.

On th e evening of M arch  9th I w as handed the 
follow ing com m unication in  person b y  Professor 
A lexander Sm ith, H ead of the- D ep artm en t of C h em 
istry  in C olum bia U n iversity  and a P ast-P resid en t of 
th e A m erican  Chem ical S ociety , w ith  th e request th a t 
it be published in T h i s  J o u r n a l .

CRITICISM S OF CHEMICAL LEG ISLATIO N W HICH AEE  
NOT W ISE, B U T  OTHERW ISE

B y  A u î x a n d e r  S m it h

The editorials in T h i s  J o u r n a l , and the reports of addresses 
by  the Editor, Dr. Herty, have called the attention of chemists, 
and all interested in chemistry, to the wording of one paragraph 
of the tariff bill of September 1916, in which the dyes relieved 
from the 5 per cent per pound tax are specified. The classes 
mentioned include .natural and synthetic indigo and
all indigoids whether or not obtained from indigo ”  M y
purpose is not to discuss the matters of public policy involved 
in these exemptions, but simply to call attention to a serious 
error in the arguments used by the critics of the section in 
question.

Dr. Herty refers to N ietzki’s Chemie der Organischen Farb
stoffe, and says "th at if our chemists did not know what ‘indi
goids’ were, Professor Nietzki did know.”  " In  the fifth edition 
(1906) I found the group of dyes known as ‘ indigoids’ com
pletely specified. The list included all forms of sulfur dyes.”

Now no argument is really supported by a  misrepresentation 
of the facts, although in this instance the misrepresentation was 
entirely unconscious and unintentional. In 1906 Nietzki did 
not know what "indigoids”  were, because the word does not 
occur in the book, and was in fact first introduced to the science 
two years later by Friedländer1 in a paper entitled “ On Indi
goid Dyestuffs.”  In 1896, aside from some halogen derivatives 
of indigo, and one or two dyes related to indigo and found in 
natural indigo, practically no dyes closely related to indigo were 
known, and there was no need for a class-name. The invention 
of thic-indigo red in 1905 was followed by the production of a 
large number of substituted indigoes, all of which contained the 
chromogenic group — CO— C  =  C — CO—  and so in 1908 the 
term "indigoid”  was suggested to cover the members of this 
group. Authoritative works5 now all mention indigoids, and 
define them as indicated above, and the definition in every one 
of these books absolutely excludes the possibility that any 
chemist could even think of sulfur colors in the same connection. 
Numerous other references could be given to show that the word 
"indigoid”  is always used with the meaning stated above. It  
is sufficient to quote Thorpe:

"Indigoids.— The congeners of indigo may be divided into two 
different classes. One of them contains the true derivatives of

> Ber., 41 (1908), 772.
* C ain-Thorpe. "T h e  Syn the tic  D yestuffs,” 1913, 174.

Green, "A nalysis o t D yestuffs," 1915, 123 and  38.
T horpe. "D ic tionary  of Applied C hem istry ,"  1912, 3, 130.
W ahl, “ L 'industriedes  M atières Colorantes O rganiques," 1912, 317, .'46.
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indigo, in which one or more of the 8 hydrogen atoms of the 
two phenylene groups are replaced by other substituents; the 
other embraces substances which are strictly analogous to indigo 
in their constitution, but different from it in the construction 
of the complex connecting the two phenylene groups, which 
in this case as well as in that of indigo m ay have their hydrogen 
atoms replaced by other substituents. An enormous variety 
of new dyestuffs m ay thus be synthesized, all of which contain 
the characteristic chromophoric group of indigo:— C O  —  C  =» 
C  — C O — .”

An examination of N ietzki’s book shows clearly that he dis
tinguishes between sulfur dyes and indigo dyes, for he divides 
dyes into thirteen classes, and places the former in Class X  
and the latter in Class X II , and uses this classification con
sistently. Dr. H erty’s misunderstanding seems to have arisen 
from a superficial examination of a more condensed classification 
occurring in N ietzki’s volume. In  one place he mentions five 
classes determined solely by  the properties used in dyeing, 
namely (1) basic colors, (2) acid dyestuffs, (3) mordant dyestuffs,
(4) neutral or salt dyestuffs, and (5) an unnamed group which 
includes insoluble dyestuffs, such as indigo, certain azo-dye- 
stuffs, and the sulfur dyestuffs. B u t he does not say, or even 
imply that these dyes— mostly va t dyes— are similar to indigo, 
but only that the sulfur dyes do not belong to the other four 
classes, and he does not use the term indigoids, because that 
term did not then exist. These are simply a somewhat hetero
geneous collection of dyes, which do not belong to the first four 
classes. Furthermore, an examination of N ietzki’s book shows 
that he would have felt grossly insulted if anyone had stated 
that he classed sulfur dyes with indigo dyes. He not only puts 
them in separate classes, but on page 291 he defines sulfur 
colors on the basis of the method of manufacture and on page 
295 gives their general properties. On page 325 he says "indigo 
dyestuffs are all derivatives of indol CsH 7N ,”  and not one of the 
sulfur colors he mentions in Class X , thiazol and sulfur dye- 
stuffs (p. 288, et seq.) is derived from indol. There is, therefore, 
no possibility that anyone would include a sulfur brown as an 
"indigoid,”  either on the basis of anything Nietzki says, or 
on the definition of indigoids now found in many recent authorita
tive works, for these definitions absolutely exclude any such 
interpretation.

Dr. H erty seems to think that M r. Caesar Cone, who died on 
March 1, 1917, and cannot now make any reply, caused the 
introduction of the word "indigoids,”  and did so with the 
deliberate intention of widening the exempted group, so as to 
make it  include sulfur dyes. Since the word "indigoid” is a 
purely scientific term, and is not used as a trade classification, 
there is no reason to suppose M r. Cone ever heard of the word 
before it appeared in the act. A ll who knew M r. Cone personally 
are well aware that, he would never have been guilty of using a 
subterfuge of this description. T he introduction of the word 
indigoids is easily explicable in an entirely different way. In 
a case1 tried before the General Appraisers, and reversed by the 
Court of Appeals, the word indigoids made its first appearance 
in connection with the chemical trade. Its introduction into the 
act was undoubtedly based on this case.

A  reading of the two reports shows that the act of 1913, 
‘ [ 514. places "indigo and dyes obtained from indigo” on the 
free list. The Lower Court decided that dyes, chemically 
similar to indigo (such as thio-indigos) and made from the same 
fundamental substances, but not made from finished indigo 
itself, were covered by this exemption. The Higher Court 
reversed this decision, claiming that the act applied only to 
dyes made with indigo as one stage in the actual manufac
ture.

Incidentally, the indigoid group is also defined in the report 
by references to Thorpe’s Dictionary, in a way that excludes

1 T reasury  Decisions, 36450, 30, N o. 23, 11-15 (June 8 , 1916), and  
36965, S3, N o. 5, 64-67 (F eb ruary  1, 1917).

all dyes not containing the characteristic indigo chromogenie 
group. The new act differs from the old, therefore, in the fact 
that chemical cousins of indigo, now known as indigoids, even 
if not made from indigo itself, are included in the exemption. 
B ut there is not the slightest possibility of the word indigoid 
being interpreted so as to cover any dyes not actually containing 
the indigo chromogenie group.

W hen Professor Sm ith  handed me this com m unica
tion  in an en velope bearing th e  printed  inscription  
“ C olu m bia U n iv ersity  in th e C ity  of N ew  Y o r k , 
D ep artm en t of C h em istry”  I confess I w as surprised, 
for, as fa r  as I could rem em ber he had n ever p u b 
lished an article  before in th e  field o f in d u stria l chem 
istry . T h is surprise w as large ly  increased when I  
learned th a t  th e  com m unication  w as on th e  su b je c t 
of dyestuffs.

I h a ve  been p re tty  closely associated  w ith  e v e ry  
stage of th e figh t for an A m erican  d yestu ff in d u stry, 
h ave  follow ed th e  discussions in all ava ila b le  
journals, and, through the aid of clip pin g bureaus, 
h ave follow ed closely  th e  discussions in  th e d a ily  
press. N ever before had I seen or heard of a n y th in g  
w ritten  or spoken b y  P rof. Sm ith  on th is su b ject. 
T h is  surprise, how ever, w as increased to  am azem ent 
when I first read th e ab ove com m unication. L et m e 
explain.

T h e title  of Prof. S m ith ’s article  is a paraphrase o f 
an article  w hich I w rote for th e  A n nual Review of th e  
New York Journal of Commerce, published on F eb ru a ry  
S, 1917,  w hich a rtic le  w as reproduced in th e M arch , 
1917, issue of T h i s  J o u r n a l  as a p a rt of m y editorial 
“ A m erica  for A m erican s.”  In  his opening sentence 
above P rof. Sm ith  states, “ T h e  editorials in  T h i s  

J o u r n a l ,  e tc .”  I h ave w ritten  on ly  tw o on this 
su b ject, so it  is ev id en t th a t  Prof. Sm ith  has 
seen th e  one contain ing th e Journal of Commerce 
article.

In  his second paragraph he quotes me, and stran ge 
to  say, in  a con trib ution  to  a scien tific jo u rn a l, he 
g ives no reference as to  th e  source of th e  quoted  
m atter. T h is is a curious oversight for one so accu s
tom ed to  pub lication  as he is. A s a m atter of fa c t 
he quoted  sentences w ritten  b y  M r. Isa a c  R ussell, 
a  reporter of th e  New York Evening M ail, who, a fter a 
15-m inute in terview  w ith  me one d a y  in m y office and 
h a vin g  no know ledge of ch em istry  or G erm an and w ith 
on ly  a few  rough notes w ritten  on a piece of paper 
not larger th a n  an ord inary envelope, w rote a three- 
q u arter colum n sto ry  abou t indigoids and  tariff leg is la
tion  w hich was printed  in th e Evening M a il of J an u a ry  

3 , 1917 -
R ead in g th e s to ry  I fe lt th a t M r. Russell had done a 

p r e tty  good piece of reportorial w ork for so tech n ical 
a su b ject and w as gratified  to  note th a t  in  recordin g 
m y discussion of th e  su b ject he did n ot use q u otation  
m arks, for there were a num ber of errors in his article. 
K n ow in g th a t  th e even in g new spaper pu b lic  w ould 
n ot be interested  in a correction of such inaccuracies 
of ch em istry  and of G erm an tran slation , I determ ined 
to  p u t th e m atter stra ig h t before those w ho -would be
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interested in such m atters and so tore up the p a rtly  
w ritten  article on “ C hem ical L egislation : W ise and 
O therw ise”  which I had been requested to w rite for 
the Journal of Commerce and w rote instead th e article 
referring only to  dyestuff legislation under the m odified 
title -“ C hem ical Legislation : N ot W ise b u t O therw ise.”  
T hus I gave over m y own signature m y view s, for 
w hich I w ould therefore be solely  and en tirely  re
sponsible.

A m ong the inaccuracies of the reportorial statem en ts 
were those quoted b y  Prof. Sm ith. I did not m ake 
such statem ents. Prof. S m ith ’s un ctuous sentence, 
“ A lth ough  in this instance th e m isrepresentation was 
en tirely  unconscious and un in ten tion al”  sm acks of 
in sin cerity  for th e m erest ty ro  in chem istry could not 
h ave m ade such statem en ts if th e y  were “ u n in ten tio n a l.”

W h at I did say  over m y own signature was, 
“ If a poll were taken of the d yestu ff consum ers in the 
U nited States as to  w h a t is an ‘ in digoid ’ which is 
'n ot derived from  in d igo ’ how m any could answer 
the question d efin itely?”  and further th a t I had failed 
to  receive an answ er from  “ five of th e m ost prom inent 
A m erican dyestuff chem ists.”  I further sta te d  th a t 
from  inform ation  received  there w as good ground to 
believe th a t effort would be m ade to bring in sulfur 
dyes w ith ou t paym en t of th e special d u ty  and th a t 
the basis of the effort would be th e classification in the 

; 5th edition  of N ie tzk i’s book. I did not seek to  ju s tify  
a n y  such contention. I did refer to th e m isfortune 
th a t would befall th e Am erican d yestu ff in d u stry  if 
such a contention should be sustained b y  th e B oard  of 
A ppraisers. I certain ly  hope th a t it w ould not be so 
sustain ed b u t th a t does not affect th e intention  
of the im porter w ho had determ ined to  test the m atter.

I t  was a public d u ty  to call atten tion  to th is intended 
m ove against the revenue of the co u n try  and the 
A m erican d yestu ff industry. R egardless, how ever, of 
a n y b o d y ’s view s as to “ indigoids not obtained from  
indigo,”  one th in g is certain — if Congress w ould repeal 
th a t excepting clause, no test cases of sulfur dyes could 
ever arise and th a t is the point for w hich all who are 
interested in th e A m erican ind u stry  should struggle. 
“ S afe ty  F irst”  fits this case.

From  the mere readin g of Prof. S m ith ’s com m unica
tion I fail to see its purpose. M a n y  th in gs suggest 
th a t th e natural th in g for Prof. Sm ith to  have done 
w ould have been to tell me fra n k ly  of his researches 
in the m eaning of indigoids and to  advise th a t I publish 
a correction. T h is would h ave enabled me to  clear up 
his m isunderstanding of the situation . In stead  he 
hands me a paper fu lly  prepared w ith th e request th a t 
it  be published in T h i s  J o u r n a l  of w hich I am the 
E ditor.

Does he seek to  safeguard the A m erican  in 
du stry? If so he should reserve his am m unition  for 
the B oard  of A ppraisers and aid the governm ent 
atto rn eys should the case arise. W as it to exhibit 
great learning in th is popular field? If so he seeks 
n o toriety  in a w ay  w hich is extrem ely  unusual, to 
sa y  the least. D oes he seek to  bolster up the cause of 
th e im porters b y  a lla y in g  discussion of a m atter which 
m ight sweep a w a y  w ith  it  indigo, alizarin  and the

other excepted dyes, or b y  lu llin g us into  a false sense 
of security?

I regret to  harbor th e last th o u gh t b u t am  im pelled 
to  it b y  the unexpected defense w hich he m akes of 
th e late M r. C aesar C o n e’s m otives. M r. Cone m ade 
no secret of his position in th is m atter. In  th e brief 
of the P roxim ity  M an u factu rin g C om p an y (M r. 
C on e’s C om pany) to th e Senate C om m ittee on 
Finance, filed last Ju ly, these words occur: “ and we 
respectfu lly  subm it th a t  th e second paragraph of 
Section 401 should be am ended b y  adding: 
and natural and synthetic alizarin, and dyes obtained from 
alizarin, anthracene and carbazol: and natural and synthetic 
indigo and all indigoids, whether or not obtained from indigo, 
shall be returned to the free list and shall be exempt from duty.”

A gain , in an address b y  M r. Cone before th e N ational 
A ssociation of G arm en t M an ufacturers at St. Louis, 
M o., on N ovem ber 16, 1916 (a printed cop y  of which 
is before me bearing th e im print of H arrison 
P rin tin g C om pan y, Greensboro, N . C .), M r. Cone 
said (page 10 of th is address): “ N ow  w hile we are on 
this dyestuff question— I don’t know  w hether you 
gentlem en know  it or not, b u t I have been personally 
villified somew'hat b y  som e of m y friends because I 
was the only m an, the only m anufacturer in the 
U nited  States th a t attem p ted  to  oppose th e d u ty  th a t 
th e y  h ave put upon certain  dyestuffs, and p articu larly
on in d ig o .....................On the 8th or 9th of Septem ber a
bill was passed p u ttin g  a d u ty  of 30 per cent on indigo, 
and a n y  indigo th a t com es to  this cou n try  now  bears 
th a t d u ty , and I dare sa y  th a t  it w ould h ave been 30 
per cent plus 5 cents a pound b u t for the efforts m ade 
b y  m y attorn ey and m yself in W ashington. A n d  I 
th o u gh t a t one tim e th a t I wras going to  be successful 
in keeping th a t 30 per cent o ff.”  E n gagin g frankness, 
am ounting even to  a boast. His own words confirm  
com pletely  ev ery  statem ent I have ever m ade con
cerning M r. C one and this legislation.

N o, if there is a joker in this tariff b ill I h ave never 
th o u gh t th a t M r. Cone was prim arily  responsible for 
it: he wras not a chem ist. T here is good ground, how 
ever, for a reasonable inference a t th is d ate th a t if this 
discussion continues a little  longer w e shall know  who is 
responsible for it.

M eanw hile, more light is throw n  on P rof. S m ith ’s 
rem arkable contribution  b y  a chain of interesting 
even ts which have happened recen tly . On F eb ru ary  
7, a card was m ailed to me from  E . D . Lee, L ibrarian  
of th e C hem istry  R eadin g R oom  of C olu m b ia  U n i
ve rsity , requesting me to return the volum e of N ie tzk i’s 
which I had taken  out on Prof. M e tzg e r ’s card. R e
turnin g from  W ashington, D . C ., on th e  10th the 
volum e wras im m ediately  returned. T h en  arose the 
follow ing correspondence:

671 James Street 
Pelham Manor, N. Y .

February 23, 1917
M r . C h a r l e s  H . H e r t y , Editor,

Journal of Industrial &  Engineering Chemistry,
41st St. and Madison Ave., New York.

D e a r  S i r :
In the Textile Record of February 2nd, I read the article 

mentioning that in the 5th edition of Nietzki, the group
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of dyes known as Indigoids is completely specified and that the 
list includes all forms of Sulphur dyes.

This classification of Sulphur dyes being quite new to me, 
I tried to find the information about Indigoids, but after getting 
hold finally of the above mentioned book and looking all over it, 
I cannot find it.

I would appreciate very much if you would write me the 
exact page of Nietzki dealing with this matter.

It may interest you to know that I have, however, found an 
exact definition of Indigoids in the following text books:

The Synthetic Dyestuffs, etc. by Cain Thorpe 

The Manufacture of Organic Dyestuffs by Wahl 

Analysis of Dyestuffs by  Green 

and also in Dictionary of Applied Chemistry by Thorpe.
Sincerely yours,

(S ign ed ) D r . H . M e y e r

35 East 41st Street 
New Y ork C ity  

February 26, 1917

D r . H . M e y e r ,
671 James Street,

Pelham Manor, N. Y .

D e a r  S i r :

Replying to your letter of February 23rd, I beg to refer 
you to the two concluding paragraphs of the introductory 
chapter, fifth edition, of N ietzki’s "Chem ie der Organischen 
Farbstoffe,”  page 27.

Very truly yours,
(Signed) C h a s . H . H e r t y , Editor

671 James St.
Pelham Manor, N. Y .

March 2, 1917

M r . C h a r i.e s  H . H e r t y , Editor,
Journal of Industrial &  Engineering Chemistry,

41st St. and Madison Ave.,
New Y ork

D e a r  S i r :

I am in receipt of your letter of February 26th, and wish to 
thank you for your information.

In going over the two paragraphs on page 27 of N ietzki’s 
Chemie der Orgauischen Farbstoffe, fifth edition, I  can, 
however, not find anything about sulphur dyes being "Indigoids.” 
Nietzki after giving the 4 groups of dyestuffs, namely, I 
Basic— II Acid— III M ordant and IV  Neutral or Salt dyestuffs, 
puts in a fifth group all the colors which do not belong to any 
of these four groups and 011 account of their unsolubility have 
to be produced direct on the fiber, and mentions as examples, 
Indigo, insoluble Azo dyestuffs and also Sulphur dyestuffs, but I 
do not think it says that Sulphur dyestuffs belong to the Indigo 
class; it would then be just as correct to call Indigo a Sulphur 
dyestuff.

Sincerely yours,
(Signed) D r . H . M e y e r

As the tw o letters from  D r. H. M eyer were w ritten  on 
paper w ith ou t letterh ead  and as I had never even heard 
of anyone in P elham  M anor, I did not care to  continue 
such a discussion and  so sim ply  filed th e letters. A  
few  d ays later, how ever, I w as som ew hat interested  
to learn th a t a D r. H. M eyer was a chem ist of th e

B adische C om p an y a t 128 D uan e St., N ew  Y o rk  
C ity .

On th e  9th of M arch  Prof. Sm ith  handed me his com 
m unication. I was a t once stru ck  b y  th e  sim ilarity  
of literatu re references to  definitions of indigoids given  
b y  him  and b y  Dr. M eyer in his le tter of F eb ru a ry  23 
and a som ew hat sim ilar treatm en t b y  both  of N ie tzk i’s 
“ condensed classification .1’ as Prof. Sm ith  a llite ra tive ly  
describes it.

A  few  d ays later I w as interested to  learn th a t on 
June 30, 1913, an application  for a p a ten t on “ P ro 
ducing H yd rogen ”  (U. S. P a te n t 1 ,115 ,7 7 6 , issued 
N ovem ber 3, 1914) w as filed b y  C arl B osch and 
W ilhelm  W ild  of L udw igshafen -on-the-R hine, G er
m any, assignors to B adische Anilin  & Soda F ab rik, 
of L udw igshafen -on-the-R hine, G erm an y, a corpora
tion of B aden. T h e assignm ent w as executed  
June 12, 1913, and recorded June 30, 1913. On 
J u ly  3, 1914, th e  U. S. P aten t Office, D ivision  31, 
received  a com m unication  labelled  P ap er N o. 3 (a 
certified copy of w hich is before me) in w hich was 
recorded  certain  am endm ents to the p aten t and the 
su b stitu tio n  of new claim s for th e original claim s. 
T h e paper fu rth er gives w h a t th e a ttorn eys of these 
applican ts assert to  be a report “ of Prof. A lexander 
Sm ith  of C olum bia  U n iv ersity , a leading a u th o rity  
and who has reported as fo llow s:”  H ere follow s w hat 
purports to  be from, a report b y  P rof. Sm ith. I shall 
not ta k e  th e space in T h i s  J o u r n a l  to  p u b lis h .it  
unless th ese statem en ts are questioned. T h is w as the 
first definite know ledge I had of a d irect connection 
of Prof. Sm ith w ith  th e  B adische A n ilin  und Soda 
Fab rik.

W ith  som e ligh t gained y e t still puzzlin g over th e 
m eaning of all of th is, I fin ally  referred to M r. Isaac 
R ussell, th e Evening M a il reporter who had w ritten  
th e  first in terview  on th is su b ject, th e  letters of in q u iry  
sent to me b y  D r. H. M eyer. I told M r. R ussell he 
w ould p ro b ab ly  find D r. M eyer w ith  th e B adische 
C o m p a n y a t 128 D uane St. M r. R ussell th an ked  me 
and said  he w ould seek an in terview  with him  and bring 
out th e  fa c t th a t there appeared to be definitions of 
indigoids n ot m ade from  indigo w hich m ade the 
tariff revision, as draw n, p e rfe ctly  safe. On M arch  
21, M r. R ussell inform ed me th a t he v isited  th e offices 
of th e B adische C om p an y a t 128 D uan e S treet, and 
found th a t D r. H. M eyer w as out; he w as inform ed, 
how ever, th a t  D r. M eyer lived  a t P elham  M an or and 
could be reached b y  telephone a t the num ber given 
in th e W estch ester Section of th e telephone d irectory. 
T h is num ber shows th e  address 671 Jam es S treet, thus 
agreeing w ith  th e  address g iven  on D r. M e ye r ’s 
letters to me. On M arch  22, M r. R ussell appeared 
a t m y  office. He reported th a t  he had been to  th e 
B adische C o m p a n y ’s offices and m et D r. M eyer.

In stead  of g iv in g  him  an in terview , D r. M eyer said, 
as M r. R ussell reported to me: “ I th in k  you had b etter 
not ta k e  th is up in th e newspapers. It  is a tech n ica l 
chem ical su b ject and it  had b etter be settled  b y  the 
chem ists and college professors in th e chem ical journals. 
A  chem ical journal is soon to  appear w ith  an article 
on this su b ject b y  a professor.”  M r. R ussell further
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said th a t D r. M eyer had referred him  to  me as E ditor 
of th e paper in w hich th e article w as to  appear. M r. 
R ussell asked me for a cop y  of th is article  out of 
w hich to  m ake an article for th e Evening M a il as a 
follow -up to  th e first M ail article. He said he had 
to ld  D r. M eyer he w ould go to  me for a cop y  of the 
article and use it  in lieu of the interview  w hich Dr. 
M eyer had declined. H e said D r. M eyer approved 
th is idea. I declined to  g ive  M r. Russell a  cop y  of 
this article  as th e  ga lley  proof of Prof. S m ith ’s article 
had not y e t  been sent to  him .

T h is article  b y  P rof. Sm ith, ab ou t which Dr. 
M eyer w as so well posted, is th e on ly  com m unica
tion  I h ave received  on th is su b ject. T o  m y 
m ind all of th is establishes w ith  reasonable certain ty  
a Sm ith -M eyer-B ad isch e connection  and all th a t goes 
w ith it.

O n ly one th in g  more— a ll of th e rest of us have been 
fighting to build  up an A m erican  d yestuff industry, 
not sim p ly  as an econom ic necessity, b u t because we 
know  how  closely related  th is in d u stry  is to  the 
production  of high explosives for our arm y and 
n av y.

M eanw hile, during th e progress of th e details recorded 
in th is reply, our cou n try  has been draw n d a ily  nearer 
and nearer into w ar w ith  G erm an y, and even to -d a y  
when m ost of us hold stro n gly  th e conviction  
th a t we are a lread y a t w ar w ith  G erm an y, Prof. Sm ith 
telephoned a t noon to  th e  office of T h i s  J o u r n a l  to 
learn w hether his com m unication  w ould be published 
in the A p ril issue and w as seem ingly gratified  to  be 
assured th a t it  w ould.

A gain  I  say, A m e r i c a  t o r  A m e r i c a n s !

C h a s .  H. H e r t y
M arch 22, 1917

NO TARIFF COM M ISSIONER FOR CHEMISTRY

T h e announcem ent of th e personnel of the T ariff 
Com m ission b rought w ith  it  keen regret th a t President 
W ilson had n ot been sufficien tly  im pressed b y  th e 
m any recom m endations and argum ents forw arded him  
to  lead  him  to  appoint M r. E llw ood  H endrick as a 
m em ber of th a t  body.

I t  m ust be gra tify in g , how ever, to  M r. H endrick 
to know  th a t while he had from  th e  outset 
declined to  enter into any a ctiv e  can vass for a p 
pointm ent, nevertheless he received th e unanim ous 
endorsem ent of all the organizations of chem ists 
and of those allied organizations whose needs could be 
th o rou gh ly  understood and com prehended only b y  one 
h avin g a thorough grasp also of th e chem ical situ- 

'a tio n  and the in terlacin g ch aracter of all of these in 
dustries.

A TIM ELY PROPOSAL

W e are v e ry  glad to  featu re in th is issue th e address 
delivered  b y  D r. B . C . Hesse before th e  D etro it Section 
on the su b ject of “ T h e  A m erican  C hem ical S ociety  
and the N a tio n .”  In  this address D r. H esse has put 
forw ard  a con stru ctive  suggestion  w hich deserves the

serious consideration of ev ery  m em ber of th e S ociety  
and esp ecially  of th e m em bers of th e C oun cil who will 
assem ble soon a t K an sas C ity  for th e Spring M e et
ing.

T h e rem arkable grow th  in m em bership in recent 
years has enabled  th e  S o ciety  to  do th in gs w hich h a ve  
excited  th e adm iration  of th e  chem ical w orld. Its  
continuous and its  present accelerated  grow th  offer 
m arked possibilities of still greater achievem ents in 
the future. T h is great num erical stren gth , how ever, 
contains w ith in  itself grave possibilities of danger 
through discord and consequent disruption, unless 
statesm an -like provision  be m ade for th e logical and 
orderly expression of th e convictions of m em bers 
on m atters in w hich th ey, as experts, h ave th e r ig h t 
and th e  d u ty  to  be heard.

T hin gs h ave m oved rap id ly  in this world during th e  
past three years, necessitatin g new view poin ts and new 
adjustm ents. T h e nation has sudden ly aw akened to  
th e fun dam en tal im portance of th e w ork of its chem ists 
and now holds them  in higher regard  th a n  ever before. 
In  return  for this n ational recognition  we m ust assum e 
a national obligation, n am ely, a n ational view poin t. For 
th e form ulation  and expression of opinions on n atio n al 
problem s, the m em bership is too b u lk y ; even th e C ouncil 
has grow n too large, w hile th e  D irectors are charged 
rath er w ith  th e financial adm in istration  of the 
Society.

Furtherm ore, quick decision is often dem anded. 
F or these reasons a sm all group of experienced men is 
required whose ju d gm en t can b e p rom p tly  gathered—  
a group som ew hat continuous y e t  changing in its 
personnel and thoroughly  represen tative of th e  Society. 
In  its efforts such a group should h a ve  th e h ea rty  in
dorsem ent of th e m em bers or be abolished. Dr. Hesse 
seems to  have had all such points in mind in w orking 
ou t th e  proposal w hich he has subm itted .

So often during th e past tw o  even tfu l years, in the 
c a p acity  of President of th e Society , we have fe lt the 
need of such a b o d y  as th e  proposed B oard of C on tro l of 
N atio n al Policies. W ith o u t it we did th e  best we could in 
th e m any exigencies w hich arose, som etim es assum ing 
a u th o rity  to  speak when we rea lly  doubted th e posses
sion of such a u th o rity . M a n y  tim es, when occasion 
dem anded action, we too k  th e risk of rebuke, trustin g 
sole ly  to  th e good-w ill of fellow  m em bers and their 
confidence in our hon esty  of purpose. F o rtu n a te ly  
we m et w ith  no rebukes, b u t such situ ation s are 
dangerous for th e Society, as well as som ew hat em 
barrassing to its executive head.

T h ere is also the constan t danger of th e action  of a 
L ocal Section  being m isinterpreted as th e action  of the 
paren t organization. On tw o occasions last year it 
was necessary for us officially to  call a tten tion  to  the 
fa ct th a t  th e  recom m endations regardin g tariffs on 
dyestuffs were n ot those of th e A m erican  Chem ical 
Society , b u t were those of the N ew  Y o rk  Section  of 
th e S ociety , and th a t  consequently  such use of the 
nam e of the S o ciety  w as n ot authorized.

It  is not a t . all difficult to  conceive a case 
w here tw o  Local Sections in different parts of the
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cou n try  m ight h ave opposite view s on a question 
of public policy. T h e  confusion w hich m ight 
arise incident to  th e pu blication  of those opposing 
view s and their m isconception as view s of th e Society , 
m ight easily  lead  to  a popular d iscreditin g of th e 
organization  as a n ational influence. Such possi
b ilities suggest th a t  L ocal Sections could w ell forego 
their present privilege of unlim ited  public expression, 
confining them selves in th is public c a p a c ity  'to  local 
m atters and  p riv a te ly  presenting th eir view s on n ational 
m atters to a N atio n al B oard.

A s we see th e m atter now, D r. H esse’s suggestion  
in volves a change in th e con stitution , and it  is possible 
th a t discussion of th e  proposal b y  th e  C oun cil m ay 
lead to  som e changes in th e details of th e  plan, b u t th e 
fun dam en tals are essen tially  sound. W e are all in 
debted to him  for this th o u gh tfu l address.

F ollow ing the readin g of D r. H esse’s paper th e D e
troit Section  passed a R esolution  fa vo rin g  th e adoption  
b y th e S o ciety  of a p o licy  along th e  lines suggested. 
L ater the B oard of the D etro it Section  unanim ously 
voted  to propose a t the K an sas C ity  M eetin g of th e 
C ouncil an am endm ent to  th e  C on stitu tio n  of the 
Society creatin g a B oard  of C on trol of N atio n al 
Policies.

T h e A m erican  C hem ical S o ciety  has to -d a y  over 
8300 m em bers m eeting in 49 local sections in  32 States 
of th e U nion and th e  D istrict of C olum bia. In  point 
of num bers it  is th e  largest organization  of chem ists 
in the world. E ach  local section has its  ow n C hairm an, 
Secretary and E xe cu tiv e  C om m ittee for th e  trea tm en t 
of its  local affairs and fu rth er, it  has representation  
from am ong its m em bership in  th e  C oun cil of th e So
ciety in accordan ce w ith  th e size of its  m em bership. 
The C oun cil of th e  S o ciety  controls th e  form ulation  
and execution  of all th e policies of th e S o ciety  and also 
receives from  th e en tire m em bership of th e  S ociety  
by secret le tter  b allo t suggestions for can didates for 
President, C oun cilors-at-large and D irectors, and 
from am ong these suggestions th e  C oun cil m akes th e 
final selection, also b y  secret le tter  b allot. T h e 
Secretary of th e S ociety , th e T reasu rer of th e  S ociety  
and the E ditors of th e  various pub lication s of the 
Society are elected  b y  th e  C oun cil. H ence, those in 
positions of a u th o rity  and respon sib ility  receive th a t 
a u th ority  su b sta n tia lly  d irectly  from  the m em bership 
and are responsible to  and under th e  control of th a t 
membership. In  th is respect, th en , our S o ciety  lives 
up to  and practices so n early  as it  can be done th e  great 
principle em bodied in  th e D eclaration  of Independence 
th a t all govern m ents derive th e ir  ju st pow ers from  the 
consent of th e governed.

T h e S ociety  holds tw o general m eetings of its  C oun cil 
and of its  m em bership each yea r; its  B oard  of D irectors

PLANT PRECAUTIONS

A t th e  ou tbreak  of th e  E uropean  w ar th is cou n try  
was th reaten ed  w ith  a serious shortage of b arium  salts. 
W ith  fine en ergy and courage th e T o ch  brothers im 
m ediately  began th e  erection of a p la n t a t S w eet
w ater, T en n ., to  u tilize  th e ores in  th a t  v ic in ity . 
T h is p lan t had been con tin u ou sly  enlarged and m ethods 
im proved, th us co n stitu tin g  an im p o rtan t fa cto r  in our 
program  of n ational self-containedness.

In  sp ite of fu ll provision  of facilities for fighting 
fire, including th e thorough train in g of b o th  th e d a y  
and th e  n ight forces, th is p la n t w as g u tted  b y  fire on 
th e  n igh t of M arch  8th, a lthough th e  tim e clock of th e 
w atch m an  show ed th a t ju st ten  m inutes p revio u sly  he 
h ad  been at th e place w here th e  fire originated.

In  v ie w  of such an occurrence it  can not be too 
stro n gly  urged th a t no steps be le ft u n taken  w hich will 
insure th e sa fe ty  of our chem ical industria l p lan ts 
again st in cen d iary  fires.

W e k n ow  fu ll w ell th e d eeply  conceived sp irit of 
m alicious destruction  w'hich has been evidenced  in 
other lands during th is w ar period. L e t us q u ick ly  
and com pletely  aw ake to th e  fa c t th a t we too  are now  
fu lly  su b ject to  th a t sam e m alicious sp irit and th e re
fore let us ta k e  no chance of m isfortune which alertness 
and abun dan t caution  can avert.

m eets a t th e  sam e tim e also and a t such other tim es 
as th e business of th e S o ciety  requires.

T h e  o b ject of th e A m erican  C hem ical S o c ie ty  is 
“ th e ad van cem en t of ch em istry  and th e  prom otion 
of chem ical research .”

In  furtheran ce of these ob jects th e w ork of th e general 
m eetings is carried o u t in 8 D ivision s, n am ely: In 
dustrial C hem ists and C hem ical E ngin eers; P h ysica l 
and In organ ic  C h em istry; F ertilizer C h em istry; A g ri
cu ltu ra l and F ood  C h em istry; O rganic C h em istry ; 
P h arm aceu tica l C h em istry; B io logical C h em istry ; 
W ater, Sew age and San itation .

T h e  A m erican  C hem ical S o ciety  publishes three 
journals, one fo r  pure chem istry, one for industrial 
and engineering chem istry and a th ird  d evoted  to  
coordination  of progress everyw h ere and in all branches 
and lines of chem istry.

Su p p lem en tary  to  th is th ere are 33 stan din g and 
divisional com m ittees appointed  an n u ally  w hich look 
a fter th e  su b jects confided to  their care and 9 of these 
deal w ith  top ics of n ational scope.

O U R  P L A N  O P O R G A N IZ A T IO N  T H E  B E S T

T h is p lan  of organ ization  is unique in the chem ical 
societies of th e  w orld  and since th e  ou tb reak  of th e 
present w ar, G erm an  chem ists of em inence h ave 
p u b licly  praised th a t  plan  and h ave expressed regret 
a t th e absence of such a cohesive, elastic  and coordi

THE. AMERICAN CH EM ICAL SO C IE T Y  AND THE NATION
A d d r e s s  by B e r n h a r d  C. H b s s b  before th e  D e tro it Section of the  A m erican Chem ical Society, M arch  15, 1917
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nated  organization  am ong the chem ists of their own 
cou n try, and h ave cited  it as a reason against further 
subdivision  am ong Germ an chem ical societies. W hile 
this is not necessarily conclusive y e t it is a m atter of 
some satisfactio n  to h ave an adm ission th a t th e chem 
ists of th e U nited  States do som ething b etter than  
their professional brethren across th e A tla n tic . I t  m ay, 
therefore, be sta te d  w ith  confidence as a fa ct, and not 
at all as a vainglorious boast, th a t th e A m erican C h em 
ical S ociety  is th e largest chem ical society  and has the 
best plan of organization  of an y chem ical society in 
th e  world.

O U R G O V E R N M E N T S  A ND C H E M IS T R Y

T h e various states of th e  Union and their respective 
m unicipalities devote a considerable am ount of effort 
and m oney tow ard th e grow th  and diffusion of chem ical 
know ledge and th e application  of chem istry to  the 
w elfare of their citizens. Our Federal G overnm en t 
likew ise expends m uch effort and m oney tow ard  the 
sam e ends. In th is respect, also, we can in vite  com 
parison w ith  a n y  other cou n try  confident th a t it will 
not result to  our disfavor.

o u r  p a s t  p o l i c y

F or the first th ir ty  years or so of its  existence the 
A m erican  C hem ical S ociety  p ra ctica lly  en tirely  re
frained from  ta k in g  p art in shaping n ational policies 
or in solv in g n atio n al problem s, p a rtly  because it 
was not in vited  so to  do and p a rtly  because it regarded 
its function  to  be fosterin g th e  science rather th an  the 
art and the in d u stry  of chem istry. G rad u a lly  this 
has been changed and quite m arkedly so w ith  th e fou n d 
ing of its J o u r n a l  o f  I n d u s t r i a l  a n d  E n g i n e e r i n g  

C h e m i s t r y  in 1 9 0 8 , w hich has com e to  be regarded 
as the best publication  of its kind in  th is coun try. 
T h e  actu al particip ation  of the Society , as such, in 
shaping policies of national scope did not increase 
m uch, if an y, until during and after 1 9 1 4 .

o u r  a c t i v i t i e s  s i n c e  i  9 1 4

Since 1 9 1 4  the A m erican C hem ical Society  has par
tic ip ated  n atio n ally  b y  h avin g representation as 
fo llo w s:

1— On the N a v a l C on sulting B oard.

2— On A d v iso ry  C om m ittees to  the B ureau of 
Standards and to  the B ureau of M ines.

3—— On the N ational R esearch Council.

4— In conjun ction  w ith th e N ational A ca d em y 
of Sciences and four E ngineering Societies for general 
lines of cooperation  and also on th e N itra te  Supp ly 
of th e U nited  States.

T h is, in itself, is an achievem ent and a recognition 
of no sm all significance and im portance; it is a m atter 
of ju stifiable  pride and satisfactio n  th a t wTe have been 
able to render n ational service of w orth and effect, 
b u t it  is large ly  th e result of in v ita tio n  and not of our 
in itia tiv e . H ow ever, we m ust not dw ell upon these 
results too long nor too exu ltan tly .

o u r  f u t u r e

T h is new  phase of our activ ities, upon which we

have entered quite b y  force of circum stances and not 
at all w ith  foreth ough t or conscientious, deliberate 
and com prehensive planning or in itia tiv e  m ust give 
us pause and com pel us to  consult am ong ourselves 
and w ith  our friends as to  th e responsibilities we are 
thus assum ing and as to  th e best and m ost effective 
w a y  of d ischarging them  p atrio tically , p rom p tly  and 
com prehensively, all for the best interests of the 
N ation.
. T h ere can be no doubt th a t if th e m em bership of 
th e Am erican C hem ical S ociety  were specifically  asked 
to pass upon these acts of its C oun cil and of its ex
ecu tive officers, th a t each and all of these acts would 
be ratified and approved. A s a m atter of fa ct, while 
there has been acquiescence, there has been no such 
form al ratification  and as a further m atter of fa ct, 
those acts were each and all perform ed w ith ou t th e 
specific consent or authorization  of th e m em bership 
itself and in th e final analysis th e m em bership m ust 
so instruct its officers because for the fo rty  years of 
its existence the p o licy  of the S ociety  as shown b y  its 
acts did not contem plate and has not contem plated  
a n y  such steps on th e  p a rt of those it  had placed in 
a u th ority , although there is n othin g in th a t po licy  
and in those acts th a t could be construed as sp ecifically  
prohibiting acts of the kind  we h ave perform ed in the 
past tw o years and a half.

W HY W E M UST A U T H O R IT A T IV E L Y  B R O A D E N  OUR 

F IE L D

For those in a u th o rity  to proceed m uch further 
w ith ou t such specific a u th o rity  from  the m em bership 
itself m ay be frau gh t w ith grave danger and m ay easily  
leave the door open for internal dissension and strife 
w hich could not do otherwise than  disturb th e m ag
nificent structure of our organization  and rob it  of 
its ju s t ' op p ortu n ity  to serve th e N ation. Those 
w ho devised this structure planned w isely and w?ell; 
th ey  laid their plans as far into the future as th e y  safely  
could. T hree years ago not one of us w ould h ave 
been w illing to prophesy th is expansion of our a ctiv ities  
into the dom ain of national affairs in th e  concrete 
and direct manner th a t has tak en  place in  th e past 
th ir ty  m onths. It  is for us of to -d a y  to  plan as w isely 
for th e  future as did th e y  w ho devised and developed 
th is p o ten tia lly  strong and elastic  organization  of 
w hich ev ery  A m erican chem ist m ay well be proud; 
th is structure is how  entrusted to our care for its de
velopm ent and safe-keeping. L et us not fail to  m easure 
up to  th e responsibility which the course of even ts has 
placed upon us.

W E  H A V E  N O T F U L L Y  U T IL IZ E D  O U R PA ST  

A D V A N TA G ES

T a k in g  into  accoun t the geographical exten t and 
num erical stren gth  of our Society, its excep tion ally  
elastic  and ad ap tab le  plan of organization  and also 
all th a t w hich our federal, state  and m unicipal govern 
m ents do for chem istry, th e question forces itse lf upon 
us: H ave we in' the past m ade the m ost of th is con
dition of affairs? I th in k  an im partial in q u iry  will 
develop th a t we have n ot done so and the reason for
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th a t is n ot hard  to  find. W e h a ve  fostered  th e  science 
of ch em istry  in  an idealistic  m anner and h ave given  
m uch less th o u gh t to n a tio n a lity  of origin of scientific 
advan cem en t, th an  to  th e  actu al ad van cem en t of th e 
science as a w hole; in th is we h a ve  been encouraged 
b y  th e  general n ational and intern ation al po litica l 
p o licy  of our N ation, n am ely th a t  of self-sufficient 
isolation  from  th e Old W orld  and th e  general a tt i
tu d e of friend of all th e w orld, and all th e  w orld our 
friend.

O U R P A S T  A C T IV IT IE S  IN C O M P L E T E

T h e even ts of the past th ir ty  m onths h ave n ot 
show n th a t th a t  w as an in trin sica lly  w rong course, 
b u t th e y  have show n th a t it  w as n ot enough; we were 
all right so far as we w en t b u t we did n ot go far enough; 
th a t is, we should also h ave had an ey e  on w h a t national 
a d van tage we could gain  from  th e  general advance 
of th e  science as a whole and w h a t n ational disad
va n tag e  w ould flow from  our n ot m akin g th e  m ost of 
those ad van ces for ourselves and as a N ation.

T h a t  is, w hile our course in th e  p a st has n ot been 
a m istaken one y e t it  did include an om ission. I 
believe th a t  we can cure th a t  om ission w ith o u t in any 
wise interferin g w ith  our past p o licy; in fa ct, I b elieve 
th a t a cure for th a t om ission w ill m erely strengthen 
and foster th a t  p o licy  in its  ow n field.

A P R O P O S E D  R E M E D Y  A B O A R D  O F C O N T R O L

A s to  th e  rem edy, I offer, of m y personal in itia tiv e , 
the fo llow ing plan  as a feasible, p ra ctica l and p ra ctic
able m eans of so expan din g our a ctiv ities  w ith  a u th o rity  
and a u th o rita tiv e ly . T h is  plan is:

I— T h e  m em bership, b y  secret le tter  b a llot, to  vo te  
on th e expansion of our a ctiv ities  to  cover all fields 
of n ational endeavor, econom ic, scientific, com m ercial, 
industrial and th e  like.

II— In  th e even t of th e adoption  of such an expansion 
of p o licy, th e S o ciety  to  h a ve  a B oard  of C on tro l of 
N ational Policies of th e  A m erican  C hem ical Society . 
This B oard  of C on tro l to ' consist of five m em bers: 
the P resident of th e  A m erican  C hem ical Society , 
the S ecretary  of th e  A m erican  C hem ical Society , the 
E ditor of th e  Journal of Industrial and Engineering  
Chemistry of th e  A m erican  C hem ical S ociety  or of its  
successor-publication and th e  tw o  a vailab le  p a st 
Presidents of th e  A m erican  C hem ical S o ciety  n ext 
preceding, each m em ber to  h a ve  one vo te. T h e  
President of th e  A m erican  C hem ical S o ciety  shall 
be th e C hairm an  of th is  B oard  of C ontrol. T h e Secre
ta ry  of th e  A m erican  C hem ical S o cie ty  shall be th e  
Secretary of th is B oard  of C on tro l. T h is  B oard  of 
C ontrol shall h a ve  com plete and sole ju risd iction  over 
any and all sub jects of n ational scope to  be ta k en  up, 
shall d irect w h a t n ational m atters shall be ta k en  up, 
and no such w ork can be ta k en  up w ith o u t th e  consent 
of this B oard . F u rth er, as to  th e  m anner in and the 
extent to  w hich th e y  shall be taken  up, th e  B oard  of 
Control shall appoint n ecessary com m ittees and their 
needful officers a n d  shall d irect and supervise th e w ork 
and reports of all such com m ittees and such com m ittee- 
reports are n ot to  be m ade public un til ap proved  b y  
the B oard  of C on tro l and  shall be published b y  th e  
Board of C on trol in th a t p u b lication  of th e  A m erican

Chem ical- S ociety  best ad ap ted  th ereto  and in an y 
additional pub lication s th is B oard  m ay elect, and shall 
be com m unicated  to  such com m ittees or pu b lic  bodies 
as th is B oard  m a y deem  desirable. A t  each F all 
m eeting of th e S o ciety  th is B oard  of C on tro l shall 
report to th e  general m eeting w h a t it  has accom plished 
since th e F a ll m eeting n ext preceding, th e  w ork in 
h an d  and th e  w ork in  p ro ject and all th e  suggestions 
for added w ork or for betterm en ts it  m ay  then  have 
received  from  m em bers of th e S o ciety  or from  others 
and th is report to  be printed  in fu ll, in th e n ext suc
ceeding issue of th e Proceedings of th e S ociety  and in 
a n y  other p lace or places th e C oun cil m ay designate. 
A t  the D ecem ber letter-p oll of m em bers, in a lternate 
years, th e  m em bership shall be asked to  vo te  on con
tin u an ce and discontinuance of th e a u th o rity  for such 
expansion of our a ctiv ities  and ap p roval or d isapproval 
of the w ork of th e  tw o years n ext preceding. I f  such 
continuance of a u th o rity  be w ithheld, th is B oard  of 
C on tro l shall cease its  activ ities  forth w ith .

F O R  AN D  n o t  OF T H E  A M E R IC A N  C H E M IC A L  SO C IE T Y

I t  m ust be rem em bered th a t th e u ltim ate  w ork of 
th is B oard of C on tro l cannot, in fa ct, be the opinion 
or recom m endation  of th e A m erican  C hem ical S ociety ; 
all it  can be or profess in  fa c t  to  be is an expression of 
opinion or th e  m akin g of a recom m endation  or a sta te 
m ent of fa c t by authority and in  behalf of th e  A m erican 
C hem ical S ociety ; such an expression of opinion or 
such recom m endation  or such a statem en t of fa c t in 
no wise prohibits a n y  m em ber or m em bers of the 
S ociety  from  disagreeing or from  p u b licly  expressing 
th e ir  disagreem ent or non-concurrence in a n y  w ay  
th a t  th e y  see fit so long as th e y  do not d irectly  or in
d irectly  represent them selves as sp eakin g for or b y  
a u th o rity  of th e  S o ciety  or of a n y  p a rt of th e Society. 
Therefore, th is B oard  of C on tro l m ust see to  it  th a t 
m em bership on the various com m ittees th a t it m ay 
find needful to appoint be conditioned upon fitness, 
disinterestedness and a b ility  and willingness to  as
certain  all th e facts, draw  all th e conclusions and m ake 
all th e recom m endations regardless and en tirely  inde
pendent of a n y  personal opinion, prejudice, or interests 
p rosp ective com m ittee-m em bers m ay have.

C O N F ID E N C E  A ND A U T H O R IT A T IV E N E S S

U nder these conditions th e final w ork of this B oard  of 
C on tro l w ould be en titled  to  respectfu l hearing w ith ou t 
an y quarrels or quibbles as to  m otives, etc., and, as 
such, to  trea tm en t on its m erits— even b y  no m atter 
how hostile a com m ittee, say, of Congress. T h e  w ork 
will h ave been done b y  a u th o rity  of th e  m em bership 
renew ed each tw o  years, and th e  w ork itse lf w ill be 
a u th o rita tive  because we can safely  tru st such a Board 
of C on tro l to  select th e  best a va ila b le  m en for an y 
given  ta sk  because it  w ould be m ade up of men who 
h a ve  reached th a t  B oard  on th e  in itia tiv e  of the 
m em bership and because th a t  m em bership considered 
them  to  be of th a t broad-m inded ty p e  required for 
successful leadership and th e S o ciety  b y  so electin g 
th em  had given  them  its confidence in th eir p rob ity , 
h on esty  and a b ility ; h a vin g  gained th a t confidence 
of th e ir  fellow  chem ists in th a t w a y  and in som e cases
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through m any years of honorable S o ciety  service in 
addition, th e m em bers of th is B oard  of C on tro l can 
safely  be tru sted  fu rth er to  conserve th e best interests 
of th e N ation  and of their S ociety  as well as their own 
personal honor.

Such a B oard  of C on tro l, w orkin g in such  a w ay 
ought and w ould m erit and w ould soon gain  and hold 
the confidence of th e  pu b lic  and of those in a u th o rity  
in our governm ent. For th e  S o ciety , it  would a t
tend to it  th a t  there be co n tin u ity  of effort and policy 
and th a t  new circum stances were p rom p tly  m et in 
the best a vailab le  w ay  and th a t  our efforts were prop erly  
coordinated  and fu rth er w ould preven t particip ation  
in minor m atters, because it  w ould be th e sole m outh
piece of th e S o ciety  in m atters of n ational scope. W e 
could depend upon it  th a t such a B oard  wrould see to  
it th a t all the w ork w ould  be done from  the view poin t 
of th e N ation  as a w hole, th a t  th e S o ciety  w ould not 
be used as a c a t ’s paw  for in d iv id u al ends because in 
m atters of th is n ature we are A m erican  citizen s first 
and A m erican  chem ists afterw ards and we m ust deal 
w ith th em  w ith  th e w elfare of th e w hole N atio n  in 
m ind first, last and all the tim e; th e A m erican  Chem ical 
S o ciety  cannot under a n y  circum stances perm it i t 
self to  be m aneuvered in to  th e position of spokesm an 
for in d iv id u al gain b u t it  m ust at all tim es em b ody, 
present and a d vo cate  the best interests of th e  N ation  
and of th e whole N atio n ; therefore, it  m ust be cir
cum spect, judicious, prom p t, com prehensive and th o r
ough in all such w ork and m ust a t all tim es com m and 
and deserve th e  full confidence of th e p u b lic; it  m ust 
not prom ise more th a n  it  can perform  and m ust live 
up to  its prom ises.

SM A LL C O M M IT T E E S T H E  O N LY  P R A C T IC A B L E  M ODE

W e m ust get a t all re levan t facts, deductions and 
conclusions and face them  w hether we like them  or 
not; we m ust not fear nor solicit po litical fa vo r, we 
m ust be com prehensive, com plete, fa ir and ju st in 
our w ork. T o  m y m ind th is can b e accom plished b y  
a B oard  such as I h ave ju st outlin ed and now is th e 
tim e to  sta rt in  on th e w ork, for, under th e m ost fa v o r
able conditions, it  will be four or six years before a 
sm ooth-w orking organization  can be effected.

From  th e p ractical point of view  of gettin g  things 
done, experience u n equ ivocally  teaches th a t  to  leave 
th e execution  of a piece of w ork to  our m em bership a t 
large is to ta lly  inefficient and n on-p roductive of re
su lts w ith in  an y reasonable tim e. A  sm all com m ittee 
of 3, 5 or 7 m em bers, h a vin g  received its general in 
struction s from  such a B oard  of C on tro l, w ould get 
som ew here and w ith  a reasonable degree of certa in ty  
and accu racy  long before th e  to ta l m em bership or a 
m a jo rity  thereof, w ould h a ve  realized, understood and 
appreciated  th e tren d, scope and purport of th e  in 
struction s and of th e w ork to  be accom plished. Such 
a  B oard  of C on tro l, h a vin g  all n ational threads in its 
hands, would atten d  to  it  th a t  n ot too m uch was under
ta k en  a t one tim e, th a t  th e needful cooperation  between 
different com m ittees w as forthcom ing and relative  
progress k ep t in a lignm ent, th a t the various results were 
p ro m p tly  com m unicated  w here th e y  w ould accom 

plish th e  m ost, and th e  entire a c t iv ity  k ep t in defi
nite relationship to  th e cam paign  as a whole— som e
th in g  which the m em bership as a whole or our Council 
could never hope to realize or to  accom plish.

E X C L U S IV E  S P O K E S M A N S H IP  N E C E S S A R Y

T h e title  “ A m erican  C hem ical S o c ie ty ”  belongs to  
the S ociety  as a whole and no p a rt nor m em ber of th e  
Society  should m ake use of th a t  title  not in  harm on y 
w ith  th e aim s and ob jects of th e S o ciety  as a w hole. 
If  m em bers, sections, or divisions of th e S o ciety  d is
agree w ith  a n y  p articu lar a ct of n ational scope of the 
Society  th e y  should in no wise be ham pered nor in ter
fered w ith in full and free pu b lic  expression of th a t 
disagreem ent b u t th e y , on their p a rt, m ust avoid 
ev eryth in g  th a t w ould tend  to  g ive  their disagreem ent 
th e appearance of sanction  b y  th e A m erican  C hem ical 
Society  or an y p a rt of it, otherw ise confusion m ust 
result and consequently  th e  nam e of th e A m erican  
C hem ical Society  m ay com e to  stan d  for m uch less 
th a n  in  rea lity  it  should.

SU M M A R Y

In  order to  h ave th e greatest w eigh t w ith  leg islative  
and sim ilar com m ittees, those appearing before them , 
professedly in behalf of th e general good, m ust first 
show con clusively or at least v e ry  persu asively  th a t 
th e y  h ave no ind ivid u al nor co llective  axes to  grind 
either d irectly  or in d irectly. T h is w ould be ta k en  
care of b y  th e plan ju st outlin ed  w hich w ould be em 
bedded in  our m em bership, w ould ta k e  its  righ t of 
existence from  th a t m em bership and, based upon its 
record, m ust go b ack  to  th a t m em bership once ev ery  
tw o years for a new lease of life. Secon dly, th e y  m ust 
show conclusively  or persu asively  th a t th e y  know  w h at 
th e y  are ta lk in g  abou t and th a t th e y  are com peten t 
to  perform  th e w ork th e y  offer to  perform . F or this 
w e shall have to  rely  upon th e ju d gm en t of th is B oard 
of C on trol to  pick  th e best men ava ila b le  for a n y  p a r
ticu lar piece of w ork. W ith  a B oard  con stitu ted  as 
outlined this seems to  me a m atter of v e ry  sm all risk 
and of a v e ry  great degree of certain ty.

F urther, th is B oard being charged w ith  th e in itia tiv e  
and th e  sole and exclusive spokesm anship for the 
So ciety  in m atters of this kind w ould be p u t on its 
honor and on its m ettle to  see to  it th a t  im p ortan t 
national m atters were p rom p tly  discerned and properly 
treated  as th e y  arose and th a t not to o  m uch w as a t 
tem p ted  at a n y  one tim e and th a t  th e  scope of th e  w ork 
was confined to practical lim its, all of w hich things 
a large b od y such as our Council and certain ly  our 
m em bership could never hope to  accom plish.

T H E  A M E R IC A N  C H E M IC A L  SO C IE T Y  CAN O N LY  G A IN

In  so exclu sively  delegating th e in itia tiv e , direction 
and execution  of its particip ation  in n ational affairs 
does th e S o ciety  or do its sections or divisions re
linquish an yth in g  fundam ental? I th in k  th e  answer 
m ust be “ N o .”  T h e m em bership itself can not do 
th is w ork nor can th e C oun cil and it is, therefore, a 
question  of gettin g  som ething co n stru ctiv ely  done 
n atio n ally  as against gettin g  n othin g done a t all. 
T h e  on ly  risk th a t we run is th a t of p lacin g all our 
n ational a ctiv ities  in the hands of five men. s B u t all
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these men h ave alread y been tried  and foun d true to 
our b est interests and there is no real reason to  believe 
th a t th e y  w ould n ot continue so to  be true.

A s I see it, there is a p o sitive  added a d va n ta ge  in 
h a vin g  such a B oard  of C on tro l because th e  p a rtici
pation  of th e  S o ciety  in  n atio n al affairs should increase 
rather th a n  decrease. A s m atters now stan d, th e P resi
dent of th e S ociety , who is gen erally  new to  such re
sponsibilities, m ay  appoint a n y  com m ittees he deems 
needful, in clusive of com m ittees on affairs of n ational 
scope; w hile this plan  w ould ta k e  a w a y  from  him  th e 
sole appointin g pow er of such n ational com m ittees 
he w ould be g iven  defin itely  and sp ecifically  four 
experienced advisors who m ust a ct w ith  him  and all 
five m ust a ct in concert; th e President is th u s officially 
given  specific and experienced help in problem s of 
n ational scope and th e  S o ciety  gains b y  h avin g five 
men decide, gu ide and control its conduct in these 
m atters as against b u t one, a usually  inexperienced man, 
under our present arrangem ent. A s against this 
we h a ve  loss of such rights as sections and divisions 
m ay now h a ve  for action  in n ational affairs, b u t these 
rights should be fo rm ally  surrendered, to  th e end th a t 
n ational action  b y  th e S o ciety  m ay be given  greater 
force and effect; if a t a n y  tim e th is B oard  of C on tro l 
abuses its powers or is derelict in its duties such sec
tion al or d ivision al rights can be recovered and ex
ercised in th e  m anner provided . T o  m y m ind, this 
tem p orary  and controllable p artin g  w ith  sectional and 
divisional rights can o n ly  be in th e  interest of all since 
there can rea lly  be b u t one leader and we m ust all 
get b ack  of th e  leader and should not be pulling in 
different directions.

T H E  P O S S IB L E  F IE L D S

T hose of our m em bers w ho h a ve  accep ted  positions 
on com m ittees and boards of n ational scope on behalf 
of or for our S o ciety  h a ve  ev ery  righ t to  exp ect au th ori
ta tive , prom p t and efficient cooperation  from  the 
S ociety  should occasion therefor arise and th is w ith ou t 
any strings tied  to  it, and th e y  should h a ve  it. A  
B oard of C on tro l, such as suggested, w ill enable our 
Society to  g ive  th a t  cooperation  in  th e m ost efficient, 
au th o rita tive  and effective  m anner ava ila b le  and far 
better th an  a n y  we could g ive under our present ar
rangem ent.

Questions of conservation  of w ater pow er, m ineral 
products, forest products and the like will no doubt 
offer additional opportun ities to  such a B oard  as also 
will questions of developing and d iversify in g  our 
internal m anufactures and trad e, our exp ort trade, 
tran sportation  of m aterials, hours of labor, old age, 
accident, sick and pension funds, w orkm en ’s com pensa
tion acts, coordin ation  of instruction , in v estigation  
and research, in  addition  to  those n ational questions 
in which we h ave heretofore or on ly recen tly  p a rtic i
pated. N ow  th a t Congress, b y  creatin g a T a riff 
Com m ission, has conceded th a t Congressional com 
m ittees such as th e  W a ys and M ean s C om m ittee and 
the Finance C om m ittee of th e  Senate are unequal to 
the ta sk  of ascertain in g fu n dam en tal fa cts  and of 
determ ining w h a t are fu n dam en tal fa cts, op p o rtu n ity  
is given  us to aid in th a t direction  unham pered b y  the

clap trap , sop h istry, legerdem ain, unfair ta ctics  and 
b row b eatin g th a t  seem  to  be inseparable from  so m any 
congressional com m ittee in vestigation s, and p ayin g 
a tten tion  solely  to  th e  m erits of th e su b ject; we will 
be in good position then  to  m ake recom m endations 
to  Congress as to  specific tariff-treatm en t, som ething 
w hich th e T a riff Com m ission itself can not freely  do. 
N o doubt th ere w ill be further opportun ities of aiding 
in other n ational fact-ascertain m en ts w hich are n ot or 
can not be efficien tly  executed b y  congressional com 
m ittees b u t m ust be done b y  special com m issions or 
th e like.

T o  m y m ind, the tim e has com e w hen we m ust 
th in k  in term s of th e  N atio n , w ith  our eye on th e map 
of th e w orld and on our n ational requirem ents, b u t 
w ith ou t in a n y  wise dim inishing our sup port of the 
science itself.

C O N C L U S IO N

On the assum ption th a t  th e m em bership w ill de
cide th a t th e  S o ciety  should sy ste m a tica lly  ta k e  definite 
p a rt in  all re levan t n ational m atters I suggest th e fore
going plan  as contain ing a fa irly  com prehensive and 
com plete basis from  w hich to  con struct and develop 
a real w orkin g and w orkable plan.

A n d  w h y should n ot th e  S ociety  decide to  expand 
n atio n ally?  If we wish to  live  up to  th e  finest and 
b est trad itio n s of a d em ocracy th ere is ev ery  reason 
w hy we should so decide and none w h y  we should 
not. W h y  are we not as w ell qualified to in itia te  and 
guide re leva n t n ational m atters as are legislators or 
govern m ent officials? In  fa ct, we are b etter qualified 
th an  either or both  and, therefore, we should do it. 
B y  evad in g such o p p o rtu n ity  we are n ot liv in g  up to 
our citizenship nor are we fulfilling our obligations. 
T h e A m erican  C hem ical S o ciety  should w alk  right 
up to  this o p p o rtu n ity  and em brace it w ith  enthusiasm  
and determ ination. T hen — let us n ot backslide. 
L et us con trib u te our share tow ards m aking a dem oc
racy  as efficient n atio n ally  as a n y  other form  of go vern 
m ent. E tern al a c t iv ity  is th e price of progress ju st 
as etern al v ig ilan ce is th e  price of lib e rty .

T h e A m erican  C hem ical S o c ie ty  has such a com pre
h en sively  planned organization  and so m any points 
of con tact w ith  n ational en deavor, as expressed in 
our various divisions of govern m en t and our various 
scientific or tech n ical associations, th a t  it  can readily  
add to  its present a ctiv ities  system atic  con stru ctive  
w ork along lines of n ational and in tern ation al p o lity . 
T h is is a gap in our w ork w hich we should a t once pro
ceed to  fill e ffective ly  and efficien tly  lest our national 
citizenship be reduced to  mere lip-service. T h e  plan 
ju st outlined is, therefore, su b m itted  as a sta rtin g  point 
for such action  and because of the great im portance 
of the su b ject it  is now  com m ended to  prom pt and 
careful consideration  b y  th e Society .

F in a lly , w h a tev er plan  of n ational cooperation  is 
ev o lved  it  m ust h ave th e continued, continuous, prom pt 
and w hole-hearted sup port of th e entire m em bership; 
each of us m ust g ive of his stren gth , tim e, th o u gh t and 
a b ility  all th a t  he can and w henever he can; otherw ise 
these efforts can not and ough t n ot long endure.

25 B r o a d  S t r e e t ,  N e w  Y o r k  C i t y



342 T H E  J O U R N A L  OF I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 9, No. 4

ORIGINAL P A PE R S
FERRO-URANIUM1

By H . W . Q h a s t t  a n d  E . L . M a c k

U ranium  steel ap p aren tly  d ates from  ab ou t 1897, 
when it was s ta te d 2 th a t th e French G overnm en t was 
try in g  to m ake use of uranium  steel in guns. M e rck ’s 
1907 index (p. 452) states th a t th e on ly  technical 
use for uranium  is in th e form  of an a lloy  in th e 
m anufacture of gun barrels.

E sca rd 3 states th a t  it is reported th a t  K ru p p  uses 
uranium  steel in arm or p late. T h ere h ave been various 
rum ors, n atu ra lly  not capable of direct proof, th a t 
G erm an y is using uranium  steel liners in b ig guns, 
in th e present war.

F isch er1 says, “ a G erm an firm is p u ttin g  on the 
m arket ferro-uranium  to be used in th e m anufacture 
of steel. E n glan d  is also interested  in uranium  steel 
and as a perm anent su p p ly  of ferro-uranium  is gu ar
anteed b y  M essrs. G eo. G. B lackw ell Sons and Co., 
L td ., of L iverpool, trials on a large scale w ill be m ade 
in th e steel in d u stry . T h e properties of uranium  and 
tun gsten  steels are sim ilar. F ischer6 says, “ som e of 
th e large (A m erican) steel com panies h ave tried  to  use 
uranium  in their line of w ork, b u t w ith  little  or no suc
cess.”

T o u rch in sk y6 includes w ith ou t fu rth er com m ent
0.23 per cent in th e com position of steels m ade at the 
Son oritz w orks in 1913.

C om m ercial use of uranium  steel in th e U n ited  
States is quite recent. K e e n e y 7 states th a t in 1915 
the Standard  C hem ical C om p an y w orked on th e use 
of uranium  in steel and p u t ferro-uranium  on the 
m arket. H e says, “ although th e  applications of ferro- 
uranium  h ave n ot been com p letely  solved, th e  results 
are encouraging and indicate th a t  in high-speed steel 
a sm all percentage of uranium  m ay be su b stitu ted  for 
a v e ry  large percentage of tun gsten  w ith ou t in jurin g 
th e cu ttin g  qualities of th e  steel. A  high-speed steel 
showing excellent cu ttin g  qualities contained C  0.78 
per cent, M n  none, Si 0.16 per cent, P  0.02 per cent, 
W  8.15 per cent, C r  3.62 per cent, V  1.81 per cent, 
U 1.02 per cen t.”  T w o  or three other A m erican  
firms are contem plating the com m ercial production  of 
ferro-uranium .

C om p arative tests of uranium  steels whose com 
position is not given, against other high-speed steels, 
also of un stated  com position, h a ve  been given  b y  the 
Standard  C hem ical C o m p a n y.3 U ranium  steel has

1 To be read a t  th e  K ansas C ity  M eeting of th e  A m erican Chem ical 
Society. Published  by  permission of the  D irector of the  B ureau of M ines.

2 Dennis, L. M ., "U ran iu m ,” “ M ineral In d u s try ,” 6 (1897), 654.
* J . Escard, “ Sur les différents procedes de p répara tion  de l’uranium  

m étallique pu r ou a  1' é ta t  de fonte,”  Rev. chim. industrielle, 1 8  (1907), 81.
4 S. F ischer, “ U ranium  and  V anadium ,” “ M ineral In d u s try ,” 22 

(1913), 773.
* S. F ischer, “ The C arno tite  In d u s try ,”  Trans. A m . Electrochem. 

Soc., 2 9  (1913), 374.
8 K. Tourchinsky, “ N athusiu s  E lectric  F u rnace  in the  Steel and  T ube  

W orks a t  Sonoritz,”  Rev. Russ. Soc. o f metallurgy, th rough  Rev. de met., 12 
(1915), ex tra its , p. 180.

7 R . M . Keeney, “ U ranium  and  V anadium ,”  “ M ineral In d u s try ,” 24  
(1915), 706. See also J .  M . F lannery , U. S. P a ten ts  1,201,625; 1,201,626; 
1.201,627, J an u a ry  2, 1917.

* S tan d ard  C hem ical Co., “ U ranium  in H igh-Speed S teel,” M el. and 
Chetn. Eng., 1 5  (1916), 160; Iron Age. 9 7  (1916), 952.

been w id ely  advertised  as “ the last w ord in high-speed 
tool ste e l,”  and it  has also been advertised  th a t  “ ferro- 
uranium  used in high-speed steels g rea tly  increases 
stren gth , toughness and d u rab ility , producing a steel 
th a t w ill stan d  up on th e jo b .”

H ow ever, the reports of H offm an and Johnson1 
were not so favorab le, th e  form er sta tin g  th a t a u ra
nium  steel w ith  5 per cent W  and 3 to  4 per cent C r 
m ade a v e ry  good tool and did good w ork for sa y  tw o 
grindings, b u t after th a t  did n ot hold its efficiency 
and had to be rehardened, and th e la tter , th a t  a 40- 
point carbon steel w ith  0.3 per cen t U w as d isap p o in t
ing, being red short a t ord in ary  forgin g h eat and a l
together uninteresting from  a p ractica l point of view .

I t  is also understood th a t in m ost a ttem p ts it  has 
been foun d v e ry  difficult to  produce uranium  h igh 
speed steel free from  streaks or seam s.

I t  w ill be necessary to  h ave m ore definite d ata  th an  
h ave y e t been published-before th e real va lu e  or lack  
of valu e of uranium  in steel can be determ ined. A ll 
th a t can be said a t present is th a t  uranium  deserves 
a careful tr ia l both  in  too l steel and in  ordnance, th o u gh  
the form er is p rob ab ly  th e m ore prom ising field.

A lth o u gh  the production  of uranium  steels was 
attem p ted  ten years ago, th e literatu re  is sin gularly  
barren of rea lly  definite inform ation  on them , and is 
even  more m eager in regard  to  th e  m anufacture of 
ferro-uranium .

T h e electrolysis2 of fused mixtures- of C aO  and th e 
oxide of the m etal to  be produced has been suggested  
as a m ethod of m aking ferro-alloys. In  a p riv a te  
com m unication, M r. B eckm an  has outlin ed his p ro
cess for m aking ferro-uranium , in  w hich equim olecular 
proportions of C aO  and rather im pure U3O8 were 
fused in a m agnesite-lined furnace and electrolyzed  
w ith  an iron cathode and carbon anode. T h e  fu r
nace was n ot arranged to pour or ta p , and the product 
was chiseled out after cooling. M r. B eckm an  sta te d  
th a t he had thus m ade carbon-free ferros of 60 per 
cen t U, and 9 per cent V  w ith  th e balance m ain ly  Fe 
and Si. He k in d ly  sent th e writers a sm all sam ple 
whose analysis he did not have, w hich w as m ade b y  
the above process.

T h e  a n alysis3 of this sam ple, th e com position of th e 
ferro produced b y  th e Standard  C hem ical C om p an y,

T a b l e  I
R a t io

^—P e r c e n t a g e  C o m p o s it io n —> t o  10% U
Ferro  U C Si V A1 C Si

E lec tro ly tic ............................  5 7 .2  4 .2  4 .3  Traces 1 .5  0 .7 3  0 .76
K eeney ....................................  5 0 .0  3 .0  1.0  2 .0  . . .  0 .6 0  0 .20
Com m ercial No. 1...............  41 .2  4 .9  2 .4  2 .3  . . .  1.12 0 .58
Com m ercial No. 2 ...............  4 0 .0  3 .5  2 .0  . . .  . . .  0 .8 8  0 .5 0

to  to
3 .0  0 .75

as given  b y  K e e n e y ,4 and th e  analyses of tw o ship
m ents of com m ercial ferro m ade in 1916 and reported 
b y  th e  purchasers, are given  in T a b le  I. T h e absolute 
percentage of carbon and silicon in th e ferro is n ot so

1 Hoffm an and  C. M . Johnson, in discussion, “ Sym posium  on E lectric  
S teel,” T h i s  J o u r n a l , 8  (1916), 949; M et. and Chem. Eng., 15  (1916), 448.

2 J . W . Beckm an, “ An E lectro ly tic  Furnace M ethod  for P roducing 
M eta ls ,”  U. S. P a t. 973,336, Trans. A m . Eleetrochem. Soc., 19 (1911), p 171.

» By E . L . M ack.
* R. M . Keeney, hoc. cil.
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im portan t as their ratio  to th e  uran ium  conten t, so, 
for com parison, th e  percen tages o f these im purities 
for each 10 per cent U h ave been c a lcu late d  and in 
cluded.

Johnson1 states th a t  he has encountered so-called 
ferro-uranium  contain ing 15 to  20 per cen t alum inum , 
and th a t van ad iu m  w as a lw ays present, from  2 to 3 
per cen t up to  28 per cen t; he states also th a t one 
ferro-uranium  an alyzed  b y  him  con tain ed  15 per 
cent silicon.

One steel com pany, accordin g to  a p riv a te  com m uni
cation, has m ade ferro-uranium  on an experim ental 
scale, in an A cheson graph ite crucible, under an in 
direct arc, using silicon or ferrosilicon as reducin g 
agent, and has produced ferro of 15 to 85 per cen t U, 
w ith carbon averagin g abou t 4.5 per cen t in all lots. 
Q uite a little  silicon w as also le ft in th e  ferro. On th e 
85 per cent ferro, this w ould g ive 0.53 per cent C  for 
each 10 per cen t U.

T h e price of A m erican  ferro-uranium  in F eb ru a ry  1917 
was S7.50 per lb. of contained U, i. e., $3.75 per lb. for a 
50 per cen t ferro. A  G erm an product was q u o ted 2 
in 1914 a t 450 M arks per kilo for a ferro of abou t 
50 per cent U. A  recent q u o ta tio n 3 on uranium  oxide 
is $3.60 per lb. of 96 per cent U3O8, w ith  special prices 
on ton  lots, eq u iva len t to  $4.40 per lb. of contain ed U 
at the price for sm all lots. T h is leaves a m argin of 
$3.10 per lb. U to  cover loss of U in reduction, cost of 
iron, coke, flux, power, labor, interest, depreciation  and 
profit in th e m anufacture of th e ferro.

P a rtly  on accoun t of th e price, experim ents on 
uranium  steels seem  to h ave been confined to 
those w ith  a m axim um  of abou t 1 per cent U. 
W hile it  is probable th a t  uran ium  steels w ith  such 
high percentages as th e 12 to  20 per cen t W  in some 
tungsten steels m ay n ot be com m ercially  desirable, 
it w ould be well to  kn ow  w h at th e properties are of 
steels rea lly  high in U.

In  present p ractice in th e  addition  of ferro-uranium  
to steel, V s to  >/* th e U is lost. E xperience will p rob 
ably reduce th is loss m aterially , b u t reports so far 
indicate th a t  w ith  a ferro m uch below  40 per cen t U' 
the U is not rea d ily  tak en  up and th a t  w ith  a ve ry  
high U ferro-— sa y  95 per cent, or p ra ctica lly  a crude 
m etallic U , th e m etal burns up so rap id ly  th a t  m uch 
is lost before it  can get into  th e steel. I t  seem s prob 
able th a t 45 to  65 per cent U w ill be abou t the proper 
percentage. T hose w ho h ave attem p ted  to use ferro- 
uranium  find th a t  it  m ust be added ju st before pouring 
or during pouring, as, if  added a n y  len gth  of tim e b e
fore th e steel is cast, no U is foun d in th e steel, 
possibly because of reaction  w ith  slag as well as oxida
tion. T h e steel should be v e ry  hot.

T h e C  and Si ratios in th e ferros whose com posi
tions h ave been given  are so high th a t, w ith  th e V s to  
V* loss of U , these ferros, even  if added to  a carbon- 
free iron, w ould reach th e usual lim it of carbon for a 
tool steel when abou t 5 per cent U rem ains in the

1 C. M . Johnson, "C hem ical Analysis of Special S teels,"  1914 ed., 
pp. 288, 299.

* De H&en’s price list, M ay, 1914.
* Foote M ineral Co. M ineral Foote-notes, Jan u a ry  10, 1917.

steel, and in m ost cases th e  silicon w ould also be over 
th e usual lim it.

On the other hand, if experim ents prove th a t  on ly  
v e ry  sm all am ounts of U are desirable, ferros of th e 
com position given , or those even higher in carbon, 
could be used. B u t u n til a purer ferro is produced, 
experim ents on steels rea lly  high in U and of norm al 
C  and Si conten t w ill be im possible.

T h e uranium  oxide used in  th e  w ork described below 
was produced b y  th e  N atio n al R ad iu m  In stitu te . 
I t  w as m ain ly  UO2, w ith  some U3O3. T h is runs abou t 
83 per cen t m etallic U. T h e oxide contained about 
2 per cen t Fe203, 0 .1 per cent AI2O3, 0.1 to  0.25 per cent 
V 206, 0.20 to  0.35 per cent Si02, 0.3 per cent m oisture.
1.3 per cent N a C l, 0 .15  per cen t carbon. Of these 
im purities, for use in a ferro-uranium  m ade b y  reduction  
w ith carbon, on ly th e A l; 03, V2O5 and Si02 can in tro 
duce im purities into  th e ferro. On the basis of m etallic 
U +  V  +  Si +  A l, th e  to ta l im purities th a t can go 
into  th e ferro are less th an  0.5 per cent.

B eside th e  greater p u rity  of th is U 02 th a n  m ost 
com m ercial U3O3, th e low er oxide is ad van tageou s in 
th a t th e first stage of th e  reduction, from  U3O3 to  UO2, 
has a lread y  been accom plished, hence th e  further 
reduction, from  UO2 to  U , w ill not require as m uch 
en ergy as w ould be th e case w hen U3O8 is used. In 
order th a t th e other m aterials used m ight approach 
this stan dard, a pure ingot iron, and a low-ash coke 
were used.

U 02 is n ot reduced b y  carbon below  150 0 ° C .,1 and 
according to  tem perature m easurem ents on th e sur
face of th e slag a t th e end of successful runs, a te m 
perature of a t least 1700° is required for efficient re
duction, requiring an electric furnace.

UO2 has a specific g ra v ity  of 10 .2, th a t  of iron is a 
little  under 8, and th a t of m etallic uran ium  is about 
18 .7 . H ence if one m elts U 02, carbon and iron to 
gether w ith ou t a slag, th e  iron will s ta y  on top and will 
not collect th e  uranium . So it is essential to  h ave 
som e flux present w hich w ill com bine w ith  UO2 to 
form  a slag ligh ter th a n  iron. T h is slag should also be 
a good arc-supporter, in order to use th e  d irect arc 
ty p e  of furnace, since th e b u lk  of th e reduction  seems 
to  go on d irectly  under th e  arc itself. T h e  slag m ust 
not introduce undesirable im purities into the ferro. 
T h e  furnace m ust be provided  w ith  a lining th a t will 
not be stron gly  a tta ck ed  b y  th e  slag or introduce un 
desirable im purities, and w hich w ill stan d  up at the 
high tem peratu re needed.

A ttem p ts  to  produce th e ferro in an indirect arc 
ty p e  of fu rn ace soon showed th a t  there w ould be an 
excessive pow er consum ption to get th e required te m 
perature, and th e d irect arc ty p e  was then  ta k en  as the 
m ost prom ising. T h e R enn erfelt ty p e , w here th e arc 
is deflected onto th e  charge, m ight serve, b u t w as not 
tried, as on ly single-phase pow er w as availab le , and 
there was no d ifficu lty  in gettin g  slags th a t  Were good 
arc supporters for th e d irect arc ty p e .

In  prelim inary experim ents it  was foun d th a t AI2O3 

m ade a v e ry  fluid slag w ith  UO2, and as it  was a t first

1 H . C. Greenwood, "R eduction  of R efracto ry  Oxides by C arbon ,"  
/ .  Chem. Soc., 93 (1908), 1483.
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th o u gh t th a t A 1 w ould not be reduced rap id ly  enough 
to produce a v e ry  im pure ferro, this w as tried.

In  order first to  produce a ferro sufficiently high in U 
w ith ou t regard to  carbon content, experim ents were 
m ade w ith  b oth  G irod and H iro u lt  ty p e  furnaces 
w ith  carbon or graph ite hearths. Som e of th e first 
of these w ere n ot tiltin g  or tap p in g and the product 
was taken  ou t when cold, b u t it  w as soon found th a t 
even  for prelim in ary w ork, a tiltin g  furnace w as de
sirable, since, b y  tiltin g  th e  furnace to  and fro s lig h tly  
during th e run, a fresh charge can be brought d irectly  
under th e arc and fa r b etter results obtained.

over th e graphite hearth, in th e hope th a t it  m ight 
keep th e ferro a w ay  from  th e  graphite, b u t w hile some 
of th is la y e r  rem ained unfused, th e ferro w ould break 
th rough  and tou ch  th e graphite, and high carbon 
ferros resulted, g iv in g  a ratio  of from  0.9 to  1.3 per 
cent C  for each 10 per cen t U , save in E xp t. 49, w here, 
after th e  furnace was cold, a sm all sep arate  regulus 
was found th a t had been k ep t out of co n tact w ith  car
bon b y  th e U 02 layer. T h is piece, 49 B , analyzed  
50 per cen t U, 0.62 per cen t C , or 0.12 per cent C  per 
10 per cent U.

I t  is evid en t th a t ferro-uranium  can be readily  pro-

T a b l b  I I — R u n s  i n  T i i ,t in o  F o r n a c e s , G r a p h i t e  H e a r t h — AI1O1 i n  S l a g  
E xperim ents 47, 48, 49, 50 and  65: L ayer of UO2 on H earth

Lbs. Slae-Form ers Lbs. Old Furnace Lbs. P ercentage  Analysis R atio  to
E xpt. Lbs. C harged w ith Fe Slag Lbs. Lbs. Lbs. T im e a t Kw. h. Ferro op P roduct 10% U

No. F e AlsOa CaO UO* C harged SÍO2 UO j Coke Hrs. M in. S ta r t Used Poiyed U C Si A1 C Si
39 3 .0 1 .0  0 .2 5  1.0 4 .0 1.25 1 8 Cold 51 4 .75 47.5 4 .2 0 .3 N o t det. 0 .89 0 .06
40 4 .0 5 .25 1.5(6) 1 12 Cold 60.5 8 . 1  

1 n /A
42.5 4 .5 0 .3 N o t det. 1 .06 0 .07

41 4 .0 0 .5  0 .3  0 .5 6 . 0 1.25 1 3 Cold 58 .5
i .UUJ 

1 0 . 8 4 5 .0 4 .2 0 .4 N o t det. 0 .94 0 . 1 0
44 3 .5 2 . 0  (N o. 43) 6 .5 1.5 1 0 Cold 59 6 . 0 5 2 .0 5 .8 0 .5 N o t det. 1 . 1 2 0 . 1 0
45 3 .5 2 .0  (No. 43) 0 .5 6 .5 0.25(c)1 c 48 H o t 30 7 .0 39 .0 5 .2 1 . 6 2 . 0 1.33 0.41

47 4 .0 0 .9 6 .4
I . 0
1.5 1 0 Cold 40 8 .5 5 5 .0 5 .9 1.07

48 4 .0 8 . 0 0 .7 I 10 Cold 40.5 6 . 6 4 5 .0 4.85 1.08
49 4 .0 3 .75 3 .5 0 .5 32 Cold 36 3 .0 29.5 2 .5 5 0.87

52(e) 51(e) 1.5  (f) 50 .0 0 .6 2 (i) 0 .3 0 . 1 2 Ó.Ó6
50 4 .0 1 . 0 1 0 . 6 0.9 (d ) 1 5 Cold 45.5 0.5(g) 5 2 .0 5 .3 1.04

1 40 67 .5 4.0(h) 6 0 .0 5 .3 0 À 3 À 0.90 0 .Ï7
. . . ( * ) 50 .0 3 .2  0) 3 .6 0 .64

65 4 .0 3 .0 (o) 8 .75 0 .6(d) 1 12 Cold 50.75 8 . 0 38 .0 5 .8 i!o 1.53 0 .2 6
(a) P lu s 1.0 C aF j. (b) Charcoal, (c) F o r reduction of SiOi. (d) Coke a t  end, a fte r adding  UO2 n o t mixed w ith  it. (e) T o tal.

(f)  T aken  from  furnace w hen cold, (g) Sam ple poured 3 min. a fte r coke was charged. (h) Second pour, (t) T his piece n o t in co n tac t w ith  graphite.
0*) T his piece probably  not in co n tac t w ith graphite.

H ence a sm all tiltin g , single-phase H 6roult ty p e  
furnace, w ith  a graph ite hearth, w as built. T h is fu r
nace, and those la ter  used, a ll to o k  600 to  750 am peres 
at 60 to 90 vo lts; w ith  90 to  95 per cent pow er factor,
i. e., som e 30 to  60 kw . I t  w as regulated  either b y  
th e  length  of th e arcs or b y  regu latin g  th e vo ltage. 
T h e iron w as charged in to  th e  furnace, slag form ers 
added, th e furnace heated  till iron and slag were 
fluid, then the charge proper (UO2 m ixed w ith  coke) 
added slow ly  and th e fu rn ace then  h eated  20 to  30' 
m inutes more before pouring th e  ferro. R esu lts in 
this furnace are shown in T a b le  II.

duced on a carbon h earth  w ith  v e ry  little  loss of U, 
b u t th a t th ere will be 4 to  5 per cent carbon in th e  ferro, 
and th a t w ith ou t w ater-coolin g of th e  h earth  a layer 
of UO2 cannot be sa tisfa cto rily  preserved.

A  m agnesite hearth  w as tried  in th e sam e furnace 
shell as w as used w ith  th e graphite hearth, w ith  the 
AI2O3 slag and w ith  excess carbon in th e charge and 
ferros of 33 to  40 per cen t U , 4 to  5 per cen t C , pro
duced, b u t th e m agnesite hearth  w as ruined in one to  
three heats. A  z irk ite  hearth  w as ruined in one heat. 
Sm all scale tests of silica  and chrom ite were m ade, 
b u t neither stood up and th e y  introduced, resp ectively ,

T a b l e  I I I — R u n s  i n  S t a t io n a r y  W a t e r -C o o l e d  F u r n a c e  
Experim ents 54, 56, 57 and 58 on M agnesite H earth . E xperim ents 61, 62, 63 and  64 on S iC  H earth

Lbs.

E xpt. Old Slag in H earth Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs.

Ferro-
Silicon

(50% Tim e

Lbs.
U-free

Sep

Ferro
in

Reg
P e r  cent  Analysis 

op R egulus
R atio  to 
1 0 %  U

No. Lbs. Fe C aF i AhOa CaO Up* Coke CaCt Si) Hrs. M in. Kw. h. arable ulus U C Si A1 C Si
54 28 .0 (a) (Nos. 45, 49 and  50) 4 .0 . . .  1 .0  0 .5 1.0(e) 20 42.75 2 . 0 3 .5 4 6 .0  1.3 1.3  T race  0 .2 8  0 .28
56 18.0 (No. 55) 3 .0 0 .4  ___  3 .0 0.75C f) 37 M uch 1.4 2 8 .0  3 .4  1.8  4 .9 1.21 0 .65
57 2 3 .0  (Nos. 55 & 56) 4 .0 Í .25 0 .6(e) Í5 40.75 2.25 2.25 3 3 .0  2 .7  1 .4  0 .7 0 .82  0 .42
58 8 .0  (No. 57) 4 .0 1.3 6 . 6  4*. Ô* 0.5(e) 53 40 6 . 0 1 . 6 .........................
61 1.5 4 .0 . . .  1.25(6) 10.0(c) 

6 .5 (d )
..................... 1 1 . 0 (c)

0.6(e) 18 40 4 .5 4 5 .0  3 .7  0 .3  . . . 6!82 Ó.07

62 11.0 (No. 61) 3 .7 N one 2 . 0 (g) ... .. 42 .... 6.25 12.0 3 .5  0 .7  . . . 2 .92  0 .58
63 2 5 .0  (No. 62) 3 .9 None 0 .9 0 .5 .. 40.5 5.25 9 .0  2 .5  4 .5  . . . 2 .78  5 .0
64 19.0 (N o 63) 3 .0 0 .5 0 .75 40 4 .0 3 5 .0  3 .9  1 .4  . . . 1.12 0 .40

(a) P lus 1 lb. fine magnesite. (b) Also 0.35 BiOa. (c) In  bo ttom , (d) In  charge, (e) Alone. (f)  M ixed w ith UO2. (g) Also 0.3 NajCOa.

In  E xp ts. 39 -41, 16.75 lbs. U 02 were charged, and 
24.65 lbs. ferro averagin g 44.5 per cen t U were ob
tained. T h e UO2 charged w as eq u ivalen t to  abou t 
14 lbs. m etallic U and  11 lbs. m etallic U were obtained 
in th e  ferro, or n early  an 80 per cen t recovery, not 
counting the U in  th e m etal and slag (abou t 3 lbs.) 
le ft in the furnace w hich bring th e  loss down to  abou t 
10 per cent. In other words, th e loss of uranium  
is v e ry  sm all. T h ere is a slight orange sublim ate, 
a p p a ren tly  U 03, g iven  off in sm all am ounts, some of 
w hich  condenses on th e electrodes.

In E xp ts. 47-50 inclusive, a lay e r  of U 02 was fused

large am ounts of Si and C r. H ence, a m agnesite 
hearth, and later a carborundum  hearth, w ater-cooled 
in order to  m aintain  a layer of frozen UO2 or slag 
over it, was tried  in a sta tio n a ry  furnace. T h e  product 
w as dug out when th e furnace was cold. T h is was 
u su ally  in tw o parts, one which had n ot go tten  under 
th e arcs, as th e furnace could n ot be rocked b ack  and 
fo rth  to  stir th e charge, and w hich had  on ly  a trace 
of U , th e  other th e  regulus, in th e center. T h e ' re
sults are given  in T a b le  III .

T h e AI2O3 in th e slag introduced  A 1 into  th e ferro. 
T h is  m ay be more of an apparent than a real im purity,
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as AI2O3 and uranium  oxides form  a fluid slag, and as 
sm all am ounts of A 1 m ight be expected  to  be oxidized 
before th e b u lk  of th e U is, th e A 1 m ight even to  som e 
exten t p rotect th e  ferro from  loss of U and th e A 120 3 
be elim inated as a fluid slag instead of held as in
fusible AI2O3 inclusions, as when A 1 is used alone.
It  is possible th a t  a F e-U -A l a lloy  th a t w ould g ive a 
fluid slag on oxidation  m ight be foun d to  reduce the 
trouble from  streaks and seam s in uranium  high-speed 
steel or a t least prove a good deoxidizer and scaven ger 
for steel. H ow ever, th e present purpose is to  pro
duce a ferro-uranium  as free as possible from  all im 
purities. E xperim ents were m ade w ith  other slags: 
one of B 20 3 -C a 0 -U 0 2 was n ot sa tisfa cto ry , b u t a 
C a 0-C a F 2-U 02 slag w orked fa ir ly  well.

For th e preparation  of pure uranium  from  th e oxide, 
K u zel and W ed ekin d 1 suggest th e  use of m etallic cal
cium , while another p a te n t2 suggests th e  use of C a C 2

T a b l e  I V — T il t in g  F u r n a c e .
- C h a r g b  P r o p e r  i n  P o u n d s -

Expt.
D isregarding Slag L eft in Furnace 

M ill Old Tim e
Furnace

a t
Lbs. Percentage Analysis 

Ferro  of P roduct
R atio  to 
10% U

No. Fe CaO C aF j Scale Slag UOi Coke H rs. M in. S ta r t  Kw . h. Poured U C Si C Si
66 4 5 0 .9 1 10 Cold 5 3 .5 4 .0 58 .0 2 .4 1 . 0 0 .42 0 .17
67 4 5 0 . 8 45 H ot 33 7 .3 44.5 2 .25 1 . 0 0.51 0 .23
68 4 5 0 .7 1 10 Cold 53 6 .5 37.5 2 . 1 3 .0 0 .58 0 .80
69 4 ... 5 0 . 6 40 H ot 28.25 5 .4 37 .5 1.75 2 . 0 0 .47 0 .5 4
70 4 0 . 6 32 H o t 18.25 6 .5 25.5 4 .2 2 .5 1.64 0 .98
73 Ó . 2 0.2 5.Ô "2.5 *5 ‘. 2 1 . 0

0 .63
1 10 Cold 47 .5 5 .8 70 .0 1.7 3 .8 0 .25 0.55

74 0 . 2 0.2 5 .0 5.2* 1 . 0 
0 .63

40 H ot 28.25 5 .9 6 0 .0 2 .4 2 .4 0 .4 0 0 .40

75 4 .0 11.0  (No. 74) 0 .85 1 5 Cold 5 0 .0 8 .9 51.5 2 .05 2 .5 0 .4 0 0 .49
76 4 .0 4 .5  (No. 74) ' Y.o 0 . 8 40 H ot 3 0 .0 6 .5 48 .0 1.65 1.75 0 .35 0 .37
77 4 .0 o.i 0.2 5 .0  (No. 76) 

& 3 .5  (No. 71)
3.0 0 . 8 1 0 Cold 46.75 6 . 8 45 .5 2 . 0 4 .0 0 .4 4 0 . 8 8

78 4 .0 10.0 0 . 8 40 H o t 27.5 6 .9  , 4 6 .0 2 . 1 1 . 8 0 .4 6 0 .39
79 4 .0 ó!i 0.2 12.0 0 . 8 40 H o t 21.75 3 .0  3 3 .0  

5 .0 (a)

2 . 6 1.4 0 .79 0 .43

80 4 .0 0 .3 0 .3 6 .0  (No. 79) 6.0 0 . 8 1 2 Cold 48.75 5 .2 67 .0 1 . 1 0 .9 0 .17 0 .1 4
81 4 .0 0 . 2 0 . 2 7.25  (No. 79) 5.0 0 . 8 40 H ot 25 .0 6 . 8 53 .5 2 .4 1 . 2 0 .45 0.23
82 4 .0 0 . 1 0 . 1 8 .75  (No. 79) 4.0 0 . 8 32 H o t 23.5 8 . 0

2 . 0 (a)
45 .0 3 .6 1 . 2 0 .8 0 0 .27

85
86

4 .0
4 .0

0.1 0 .6
0.6

9 .0
10.0

0 .8
0.8

10
50

Cold
H ot

50
33

87 4 .0  . . . 1 .4  . . . 13.0 1 . 0 1 10 Cold 50 .5 4 .2 65 .5 1.5 0 .45 0 .23 0 .07
88 4 .0  . . . 2 .7  . . . 1 0 . 0 0 . 8 1 7 W arm  52 6 . 6 59 1.3 0 .60 0 . 2 2 0 . 1 0

89
92

4 .0  . . . 0 .9  . . .  
0 .7 5  5 .5 ' 9 .Ô (No. 91)

9 .0
4 .0

0 . 8
2 . 0 1

42
10

H o t
Cold

32 .5
50 .5

9 .2
9 .5

5 6 .0
63.5

1 . 2
2.15

0 .65
0 .65

0 . 2 2
0 .3 4

0 . 1 2
0 . 1 0

93 1.25 5 .5 9 .0 (No. 91) 6 . 0 2 . 0 0 53 H ot 38.25 12.5 63 .0 1 .75 0 .9 0 0 .2 8 0 .14
94 1.25 5 .5 9 .0  (No. 91) 8 . 0 2 . 0 0 55 H o t 30.75 1 0 . 6 72 .0 2 .4 0 .60 0 .32 0 .08
95 2 .4 0  6 .0 9 .0 2 . 0 1 15 Cold 45 .00 3 .2 58 .5 3 .65 1 . 2 0 0 .62 0 . 2 1

96 1.50  6 .5 1 2 . 0 2 . 0 1 3 H ot 3 5 .50 7 .5 63 .0 2 .15 0.75 0 .3 4 0 . 1 2

97 1 .50  6 .5 .... 13.0 2 . 0 1 11 W arm  41.25 f 4 .75  
1 5 .0 (a) 4 3 .0 2 .15 0 .7 0 0 .5 0 0 .1 6

(a) T aken  o u t w hen furnace was cold.

or C a C 2 plus ferrosilicon. A t  arc tem peratures 
C a C 2 w ill be decom posed into  C  and C a, b oth  of w hich 
should ta k e  p a rt in th e  reduction. A ccordin g to 
E xpts. 62-64 (T a b le  I I I ) , coke appears a m ore effective 
reducing agen t th a n  C a C 2, w ith  or w ith ou t ferrosilicon.

As the C a O .C a F 2 slag was fa ir ly  sa tisfa cto ry  and as 
the w ater-cooling preserved a frozen  layer of slag 
over the lining of th e  s ta tio n a ry  furnace, th e n ext step 
was to  com bine these in a tiltin g  furnace. A n  iron

1 H . K uzel and  E . W edekind, French P a te n t 419,043, Class V III , 2. 
Application O ct. 15. 1909, g ran ted  O ct. 17. 1910, published Dec. 24, 1910.

* E lectric  F urnace  and  Sm elters, L td ., London, G erm an P a te n t 247,993, 
Class 40c, G roup 12, A pplication Apr. 8 , 1911, pa ten ted  June 11, 1912,

shell 18 in. X  iS  in. X  14V2 in. high in  the b od y por
tion, and  w ith  a hearth  portion 11 in. X  i x in. X  4V2 
in. deep extendin g dow n w ard from  the b otto m  of th e 
b o d y  portion, w as m ade up, m ounted on trunnions, 
p rovided  w ith  pouring spout, and th e hearth  portion 
arranged for w ater-cooling b y  being surrounded w ith  a 
perforated  sp ra y  pipe, th e holes in w hich were at such 
an angle th a t  th e  stream s h it th e m ain or upper b otto m  
ju st outside th e ju n ctio n  w ith  th e  sides of th e hearth 
portion, causing sheets of w ater to  cover th e ju n ction  
and flow dow n th e sides.

A  pan 15 in. X  15 in. X  3 in. deep suspended b y  
corner posts extending dow n from  th e  m ain b o tto m  was 
hung w ith  its b otto m  1 in. below  th e  hearth  bottom . 
A  hole w as cut in the center of th e b o tto m  of th e  pan 
of such size th a t it  did not drain th e  cooling w ater all 
off, b u t som e ran over th e edges.

T h is covers th e  b otto m  and th e low er 2 in. of th e
W a t e r -C o o l e d  H e a r t h

R e m a r k s  
SiC  hearth  & sides. L ittle  

CaO & CaFs used or needed. 
F erro  touched SiC  sides.

M agnesite  hearth , carbon sides 
in th is  and  all subsequen t runs.

5 lbs. m ill scale +  1 lb. coke 
charged before UOi and  res t 
of coke.

No. 71 slag  con tam inated  with 
SiC.

Too m uch slag in furnace, slag 
too  stiff, m agnesite spalled 
from  roof.

Slag stiffened by  spalled m ag
nesite  from roof. Ferro  
touched carbon walls.
A. C. generator tem porarily  

ou t of commission. Used 
D . C. a t  50 volts 800 am ps, 
on these  tw o. T his voltage 
would hold only one arc, so 
one electrode alw ays touched 
slag o r ferro, giving high 
carbon. 10 in. on each elec
trode  used in th e  tw o heats. 
F resh  lining of UO?-CaO- 
C aF î p u t in before N o. 85 
(no t con tam inated  w ith 
SiC). C harge all added in 
cen ter from  N o. 85 on.

F urnace  cooled 2l/ \  hrs. between 
E xpts. 87 an d  88 .

N o. 91 slag contained some 
emulsified N o. 91 ferro.

T oo m uch C aF i. Slag too  fluid. 
Ferro  sca tte red  against the  
carbon sides, giving a  high c a r
bon m etal.

Nos. 96 and  97: en tire  charge 
added together.

F erro  n o t h o t enough to  pour 
properly.

sides of th e hearth  portion  con tin u a lly  w ith  quite a 
vo lu m e of w ater, while th e upper 2V2 in. of th e sides 
are cooled b y  sheets of w ater. T h e w ater fa lls  from  
th is pan into a large pan ben eath  th e furnace, connected 
to  th e  sewer.'

A  neater job  could h a ve  been m ade b y  com pletely  
enclosing th e hearth  position and p rovidin g in let and 
ou tlet pipes, b u t th e open system  w as used instead of 
a closed one for greater sa fe ty  in case som ething 
should go w rong and th e b otto m  cu t th rou gh , and, in 
order th a t  th e  cooling m ight be w atched.

An apron on the fron t of th e  furnace below  the po u r

5.2
14.9

64
68 .5

3 .25
5 .0 0

0 .35
0.25

0.51
0 .73

0 .0 6
0.04
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ing spout (which is 1V2 in. above th e m ain bottom ) 
preven ts the w ater from  splashing into th e ladle or 
m old, when the furnace is tilted  to  pour.

A  carborundum  lining w as first used, both in th e 
hearth and on th e sides, b u t the sides were attach ed  
b y  sp attered  slag, crum bled off, and contam inated 
th e ferro w ith  Si. H ad sides as well as hearth  been 
w ater-cooled, th is lining w ould h a ve  served.

T h en  sp lit m agnesite brick  (1V4 in. th ick) were used 
in th e h earth , and carbon on th e sides. F or som e
tim e th e charge w as added betw een the electrodes 
and th e outside of furnace, w ith  the idea of m aking 
sure th a t  th e  slag did not m elt clear to the m agnesite. 
I t  w as found, how ever, th a t this w as not necessary, 
and all charging w as fin ally  done in th e center, be
tw een  the arcs. U n til a high C a F 2 content of slag 
wras m aintained, and un til center charging was begun, 
th e slag b uilt up in th e  sum p and after a few  heats 
th e ferro w as b rough t up so far th a t it touched th e 
carbon sides and gave high carbon ferros. T o  preven t 
this, som e of th e slag had to  be rem oved from  tim e to 
tim e and added to  subsequent charges. A fter chiseling 
out some slag th e rest was rough ly  shaped into a sum p 
and th e furnace heated  w ith o u t charge till th e  slag 
was m elted, to form  a tig h t frozen lining. In  a run, 
the slag was first m elted, th e iron charged and m elted, 
then  th e charge proper slow ly  added, and heatin g con
tinued till th e CO  flam e grew w eak. T h e slag never 
poured out of th e furnace w ith  th e ferro, b u t all re
m ained in th e furnace. T h e electrode consum ption 
averaged  1 in. on each 2 in. d iam eter graphite electrode 
for each 26 kw . h. used, b u t m uch of th is was due to  oxi
dation in the air w hile cooling, so th e electrodes were 
pulled out of th e furnace w hile pouring, w hich w ould 
not be th e case in  a stead ily-ru n  com m ercial furnace.

T h e results in th e w ater-cooled tiltin g  furnace are 
given in T ab le  IV  on page 345.

B etter results were obtained when th e  iron was 
charged in th e m etallic  sta te , th a n  as oxide (mill 
scale).

In cludin g U 02 for slag and lining, there was charged 
in E xp ts. 85-97 (see T a b le  IV ):

Lbs. U  Lbs. Fe
151.5 lbs. UO2 equ ivalen t to ......................  125.7 2 .1

18.65 lbs. C aF t...............................................................
1 .6  lbs. C aO ................................................................

2 0 .0  lbs. F e  equivalent to .................. .. . .  20 .0
35 .5  lbs. mill scale equivalent t o ............  . .  25 .7
15.0 lbs. Fe for rem elting equivalent

to  (see T ab le  V )...................... 9 .7  4 .7
16.2 lbs. coke............... ................................

135.4 52.5
Lbs. U  Lbs. Fe

T here  was obtained 107.45 lbs. F e  equiva
len t t o .............................................  6 3 .4  40 .9
and 8 5 .0 lbs. slag equiv. to   6 0 .0  48 .7  7 .8

123.4 123.4 48 .7

Loss, lb s .................................. 12.0 3 .8
Loss calculated on 75.4 lbs. TJ actually  used, 16.5 per cen t; on 44 lbs.

F e  actually  used, 8.5 per cent.
Loss calculated  on to ta l U , 9 per cen t; on to ta l Fe, 7.5 per cent.

M o st of th e  loss w as due to  fine particles carried out 
b y  th e  C O  flam e (this m ight be reduced b y  b riq u ettin g), 
som e to  sp atter, som e to  vo la tiliza tio n  of UO3 or of a 
fluorine com pound, and som e to  m echanical loss in 
chargin g and pouring. T w o  of th e  th irteen  heats 
included ab ove were on rem elting, and th e loss therein  
m akes th e loss calcu lated  above, too high, 15 per 
cent being p ro b ab ly  nearer th e true figure.

T h e average Si in th e last 11 runs in T a b le  IV  
(all others in th a t ta b le  being contam in ated  b y  SiC) 
was under 0.7 per cent.

T h e average carbon in all 26 runs, good and bad, of 
T a b le  IV  w as under 2.5 per cent. E xclu d in g  those 
w here th e  ferro tou ched  or sp attered  again st th e car
bon sides, w hich w ould n ot occur if th e furnace had 
w ater-cooled m agnesite sides, th e  average of 21 runs 
is under 2 per cen t carbon. T h a t of th e  three runs 
87-89, in w hich th e best conditions obtained, w as 1.33 
per cent C.

T h e  pow er consum ption  in  6 runs, 87-89 and 92- 
94 was under 4 kw . h. per lb. for ferro averagin g 
63 per cen t U, 1.8 per cent C , and on heats 89 and 94, 
w ith  th e furnace fu lly  hot, abou t 3 kw . h. per lb ., 
pouring abou t 9 lbs. per heat. In  a large com m er
cial furnace, th e  pow er consum ption should be m uch 
low er th a n  in th e little  experim ental furnace.

F or a com m ercial furnace, assum ing a ca p a city  of 
200 lbs. ferro per heat, 200 kw . (say  100 vo lts, 1200 
am peres per phase), on a three-phase tiltin g  d irect 
arc furnace of the H droult ty p e , w ould p ro b ab ly  not 
be too m uch, as the best results on th e  ferro com e when 
it  is heated  v e ry  hot, though such a furnace w ould be 
overpow ered for steel. T o  w ith stan d  th e high te m 
perature, th e  th in  m agnesite w alls and b otto m  (say 
2V2 in. th ick ) should be stron gly  w ater-cooled  so as to 
m aintain  a solid  U 02 lining w ithin  them . T h e roof 
should be of carbon b ricks on th e  inside, as th e usual 
silica roof w ould drip and con tam in ate th e  ferro. 
T h e  center of th e  roof should be open for charging.

A  three-phase d irect arc furnace like th e  H iro u lt  is 
preferable to a single-phase like th e G irod, and rath er 
large carbon electrodes should be used, to  g iv e  as m an y 
and as large arcs as are p ractica l, since th ere is little  
reduction  outside th e arc itself.

F luorspar alone is th e b est flux tried, if  A 1 is to be 
k ep t out of th e  ferro. Its am ount should be so regu 
lated  th a t th e slag is not so stiff as to  hold ferro in 
em ulsion, and not so fluid as to  sp atter b a d ly  under th e 
arc. T h e  slag was good when 60 lbs. U 02 (excluding th a t 
reduced and poured out as ferro, b u t including 30 lbs. used 
as original lining) and 10 lbs. C a F 2 had been charged.

B leecker1 suggests first m aking ferro a lloys high 
in carbon, b y  reduction  w ith  carbon, th en  crushing 
the ferro, m ixing it  w ith  iron oxide or oxide of th e other 
m etal in the ferro, and rem elting, in order to  decar
bonize. Or, he states, one m ay first m ake a high carbon 
alloy  and decarbonize b y  la ter  adding to  th e  m olten 
ferro iron oxide or the oxide of th e other m etal. R e 
m elting iron high in carbon w ith  iron oxide to  refine 
it  is of course steel-m aking routine, and M oissan2 
and E sca rd 3 both long ago described decarbonizing 
m etallic uranium  high in carbon, b y  heatin g it  w ith 
uranium  oxide. T ab le  V  gives some results on re
fining high carbon ferros.

T h e finely crushed ferro em ulsified b ad ly  w ith  the 
slag, p a rticu la rly  in E xp ts. 83 and 84 when th e  slag 
w as extra  stiff because of ad ven titiou s m agnesite.

1 W. F . Bleecker, U . S. P a t. 1,094,114, Apr. 21, 1914.
* H . M oissan, trans. by  V. Lenher, "T h e  E lectric  F u rn ace ,”  1904 

ed., pp. 167, 170.
1 J . Escard, hoc. cit.
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Expt.
N o .  F e r r o

71.....................................  6 .0  ( N o .  70)'
8  3 .....................................  9 .0  (No. 82)i
8 4 .....................................  7 .0  (No. 65)1
9 0 .....................................  7 .0  (No. 89)1
9  1.....................................  9 .0  (No. 86)1

T a b l e  V — R e m e l t i n g  F e r r o s  f o r  R e p i n i n g  
T i l t in g  F u r n a c e ,  W a te r - C o o le d  H e a r t h  

— C h a r g e  P r o p e r  i n  P o u n d s —
D isregarding Slag in Furnace 

A n a l y s is  F e r r o
Si Slag UO*

2 .5  N one 5 .0
9 .0  (No. 82) 5 .0
7 .0  (No. 82)

U
25.5
45 .0
38 .0
56 .0
68.5

C
4 .2  
3 .6  
5 .8
1 . 2  
5 .0

1 . 2
1. 0
0 .65
0 .25

3 .0
6 .0

Expt.
No.

71 ..

83 ..
8 3 ..
9 0 ..
9 1 ..

R a t io s  p e r  10% U 
Original R e f in e d
Ferro

C
1 .6 4

0 .8 0
1.53
0.22
0 .73

Si
0 .9 8

0 .27
0 .26
0 .1 2
0 .0 4

Ferro
C

0.25

0 .30
0 .52
0 .2 2
0 .27

Si
1.28

0 .29
0 .30
0 . 1 2
0.11

*----------------- R e c o v e r y  ( P o u n d s )
In  F erro  C harged In  Ferro  Recovered

M ill Tim e
Furnace Lbs. Percen tage jfealysis  

of P roducta t Ferro
í Scale CaFa H r. M in. S ta r t K w .-H . Poured U C  Si

1 0 Cold 49 3 .5 36.5 0 .9  4 .7
Ó.75 1 20 Cold 55 4 .0 56 1.7 1.6

i ’.75 0 .75 . .  50 H o t 31 .25 4 .0 47.5 2 .4 5  1 .4 C
1 . 2 1 . . Cold 49 2 .25 43 .0 0 .95  1 .5 5
2.5 . .  50 H ot 36 7 .0  

5 . 0 (&)
6 6 . 0 1.8  0 .75

U
1.50

4 .05
2 .67
3 .5 6
6 .17

C
0.25

0.25
0.41
0 .07
0.45

Si
0 .15

0.11
0.07
0.04
0.02

U
1.25

2.70
1.90
0 .97
4 .62
3 .3 0

C 
0 .03

0.07  
0.10 
0.024 
0.126  
0 .09

Si 
0 .1 6

0 .0 6
0 .06
0.035
0 .053 (f)
0.038(d)

R e m a r k s

SiC  hearth  & walls, walls crum bled and con tam inated  Ferro  
w ith  Si 

M agnesite hearth  
M agnesite hearth

M agnesite hearth . Increase in Si p robab ly  due to 
siliceous im purities  in C aF t

(a) C rushed to  pea size and  sm aller. P lus any ferro left in furnace from  preceding run .
(&) T aken  from  furnace in regulus, when cold, (c) Poured . (d) Regulus.

In all of these runs the reco very  of th e ferro charged 
was poor, m uch less being poured th a n  w as charged, 
There was a lw ays som e sp atter, sm all globules of 
ferro being shot up into  th e  air ab ove th e hearth , 
oxidizing, and dropping b ack  into th e  hearth, the 
Fe2C>3 th us produced tending to  decrease th e  percentage 
of U in th e  recovered ferro, as m etallic U in th e ferro 
will be oxidized b y  F e203. T h e  experim ents indicate 
th at it  is p ro b ab ly  desirable to produce a low  carbon 
ferro in one operation, rather th a n  first to  m ake a high 
carbon ferro and then to refine it.

V an adium  has n ot been determ ined in m ost of the 
ferros. I t  can not average as high as 0 . 2 5  per cent, 
though ind ivid u al ferros, m ade w ith  a large am ount of 
fresh UO2, w ill run a trifle  h igher th an  th e  average 
because V  is more rea d ily  reduced th a n  U , w hile one 
made from  a charge consisting large ly  of old slag 
from which th e V  is a lread y  large ly  extracted  w ill run 
lower th an  the average. A  few  analyses of th e ferros 
indicated th a t  p ro b ab ly  0 . 4  per cent and certain ly  not 
over 0 . 5  per cen t is th e m axim um . T races of V  were 
present in all.

As V  is used in alm ost all too l steels, th e v e ry  sm all 
amount of V  th a t  w ould be introduced into steel b y  
the ferro-uranium  certa in ly  w ould n ot be classed as a 
harmful im p u rity , th o u gh  for experim ental w ork on 
the value of U in steel it  is desirable to h ave a ferro- 
uranium as low  as possible in V  in order n ot to  h ave 
another variab le  to  contend w ith  in th e V .

It  appears th a t b y  using a pure U 02, a low -ash coke, 
and a pure iron as raw  m aterials, w ith  C a F 2 as slag 
former, and using a tiltin g  d irect arc ty p e  furnace w ith  
water-cooled m agnesite hearth  and sides, it  should be 
possible to  produce com m ercially , w ith ou t a second 
refining operation, ferro-uranium  of a n y  desired U 
content, say  4 0 - 7 0  per cent, w ith  carbon averagin g 
below 2 . 0  per cent, silicon below  0 . 7 5  per cent, van adium  
below 0.5 per cent, and w ith  alum inum , sulfur, phos
phorus and m anganese all so low  as to  be negligible.

If experim ents w ith  such a ferro show  th a t uranium  
steels high in uranium  are n ot va lu ab le, b u t th a t a 
little uranium  is useful, and if th e  am ount required is 
so low th a t the carbon in troduced  b y  a high carbon 
ferro is harm less, then  th e furnace m ight h ave an 
uncooled carbon hearth, and th e ferros w ould contain
4 -5  per cent carbon.

If uranium  is found useful only as a  deoxidizer or

scaven ger of oxygen  and nitrogen, alum inum  w ould  
not be harm ful and m ight be ad van tageou s, and the 
slag form er m ight be w h olly  or in p a rt A12C>3.

G ratefu l ackn ow ledgm ent is m ade to  th e  D ep art
m ent of C h em istry  a t C ornell U n iv ersity  for th e use, 
under a coop erative agreem ent, of its la b o ra to ry  fa cili
ties, which are p a rticu la rly  w ell adap ted  to  a problem  
of th is nature'.

I t h a c a , N e w  Y o r k

INFLAMMABILITY OF CARBONACEOUS DUSTS IN  
ATM OSPH ERES OF LOW  OXYGEN CONTENT

B y  H. H . B r o w n  a n d  J . K . C l e m e n t  

R eceived N ovem ber 20, 1916 

IN T R O D U C T IO N

A s w as sta te d  in a previous p a p e r,1 if dust could be 
en tirely  confined w ith in  th e  m achin ery of a mill in 
w hich com bustible dust is produced, and a m ethod 
could be foun d for preven tin g explosions in these 
m achines, a lon g step w ould be ta k en  in th e p reven 
tion  of dust explosions in  m ills. T o  keep a d u st cloud 
from  form ing in  th e m achines appears to  be alm ost, 
if n ot u tte rly , im possible. I t  is possible, how ever, 
b y  proper cleaning to  rem ove foreign m aterial from  the 
grain  and th u s lessen th e p o ssib ility  of a spkrk being 
form ed in  th e m achine w hich m ight ign ite  th e dust. 
B u t cleaners and separators do not a lw ays ta k e  ou t 
all th e foreign m aterial, so th a t  even under the best 
conditions foreign m aterials m ay get into  th e m achines, 
or other conditions develop w hich m ight cause sparks, 
or other sources of h eat, to  be form ed w ith in  the m a
chine, thus creatin g a v e ry  dangerous condition. H ow 
ever, if th ere were present w ithin  th e m achine an a t
m osphere w hich w ould not sup port com bustion, th e dust 
could n ot ign ite and an explosion could n ot ta k e  place.

F or som e tim e th e p o ssib ility  of p reven tin g exp lo
sions w ith in  m achines b y  th e  use of inert gases has been 
under consideration. In  an article  on “ C oal D u st 
E xplosions and T h eir P rev en tio n ,”  J. H arger2 recom 
mends a low  oxygen  con ten t in th e atm osphere of th e 
mines as a p reven tive  of explosions. T h e  w riter states 
in p a rt as follow s:

“ T h e on ly  w a y  to  abso lu tely  p reven t d u st exp lo
sions is to  reduce th e  oxygen  percen tage below  th e 
low er lim it, w hich varies w ith  th e different coal dusts.

"In flam m ab ility  of C arbonaceous D usts,” T h i s  J o u r n a l , 9  (1 9 1 7 ) ,
269.-

* J . Soc. Chem. Ind ., 31 (1912), 413.
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A  reduction  of 2 per cen t in p ractice w ill do this for 
all mines, b u t to  get a gu aran tee of absolute im m u n ity  
17V2 per cent oxygen  is th e figure. A  17V2 per cent 
oxygen  atm osphere is ideal for a coal mine, if i t  were 
n ot to o  expensive to  obtain, w hich should not be th e 
case.”

H e recom m ends n ot over 1 per cent carbon dioxide 
in th is atm osphere, as a higher percentage w ould be 
dangerous from  th e point of v iew  of respiration.

R eferrin g to  decreasing th e oxygen  content of th e 
atm osphere he states:

“ T h is m ethod is, in m y opinion, th e only one w hich 
can be th o rou gh ly  applied to  mines or m achines m aking 
inflam m able d u st.”

T h e m ost lik e ly  source of such inert gases around a 
mill are th e flue gases. T hese contain  a large am ount 
of nitrogen, 79 per cent, th e other 21 per cent con
ta in in g v a ry in g  am ounts of oyxgen  and carbon di
oxide. Under n orm ally  good w orkin g conditions th e 
oxygen  conten t is abou t 11 per cent. Sm all am ounts 
of carbon m onoxide are often  present, especially when 
th e oxygen  conten t is low , b u t th is is usually  under 
one per cent. F or use in enclosed m achines th e  car
bon dioxide content w ould n ot necessarily have to  be 
as low  as in a mine or in an atm osphere where men 
were w orking so th is w ould n ot h ave to  be rem oved 
from  th e flue gases before th e y  could be used in th e 
grinding system s of mills.

T h e purpose of th is in vestig atio n  was to  determ ine 
to  w h at am ount th e oxygen  conten t o f the air m ust be 
reduced in order to  preven t th e  p rop agation  of ex
plosions of various carbonaceous dusts.

E X P E R IM E N T A L

a p p a r a t u s — T h e B ureau of M ines has m ade a n um 
ber of tests upon th e in flam m ab ility  of coal dusts in 
m ixtures of air and n atural gas. F o r th is w ork the 
apparatus used in th e usual testin g  of coal dusts was 
adopted w ith  b u t one change. T h is w as an a u xiliary  
a ttach m en t to  th e  base p late  for p u ttin g  th e gas into 
th e g lo b e.1 It  consists of a brass tu b e  ly in g  ju st above 
the glass in jection  funnel and passing upw ard  through 
th e base p late  a t th e right of th e funnel. A fter  passing 
through th e base p late  it  extends upw ard  for a distance 
of 1 in. and then encircles th e top  of th e funnel. T h e 
portion of th e brass tu b e form ing th is circle has eight 
sm all holes, spaced a t equal in tervals  from  each other, 
drilled through its  upper wall. T h e  outw ard  end of 
th e  brass tu b e is connected to th e  gas holder.

g a s  m i x t u r e s — T h e gas m ixtures used contain ed ap 
p roxim ately  79 per cent of n itrogen, th e  rem aining 
21 per cent being m ade up of carbon dioxide and 
oxygen.

T o  ob tain  the gas m ixtures, com m ercial carbon di
oxide, oxygen  and nitrogen were used. T h e gas m ix
tu res were m ade in a large gas holder, th e  am ount of 
each gas used being m easured rough ly  b y  th e height 
of gas in th e holder. T h e m ixtures were then  an alyzed  
before and after each series of tests.

m e t h o d  o p  o p e r a t i o n — T o  te st the inflam m ab ility  
of th e  dusts in  these gas m ixtures in th e  apparatu s

1 “ Inflam m ability  of C arbonaceous D usts.’'

referred to  above, it  w as n ecessary to  displace all th e 
air in th e globe w ith  th e gas m ixture. E v a cu a tin g  
and refilling were considered, as were other m ethods, 
b u t th e on ly m ethod w hich  proved  to  be p ractica l was 
to  allow  a sufficient am ount of th e  gas to  enter to  dis
place all th e air. T o  determ ine th e am oun t of gas 
necessary to  displace th e  air in th e globe (ca p a city  of 
1390 cc.), m easured am ounts of a gas con tain in g 9.5 
per cent carbon dioxide and 11.2  per cen t oxygen  were 
allow ed to  flow into th e globe th rough  th e gas in 
jectin g  tu b e around th e top  of th e  funnel, and to  force 
th e air ou t of a v a lv e  in th e tu b e  to  w hich th e  pres
sure gauge is attach ed.

A  sam ple ta k en  after 4.5 liters h ad  been allow ed 
to  flow into  th e globe showed 8.2 per cen t CO2 and 13 
per cen t oxygen. F our and a half liters more were 
allow ed to flow in to  th e globe. A  sam ple ta k e n  showed 
9.6 per cent CO2 and 11.4  per cen t oxygen.

N ine liters of th e gas were allow ed to  flow through 
another globe. A  sam ple of th e gas in th e globe showed 
9.5 per cent C 02 and 11.4  per cent oxygen.

These results in d icate th a t  9 liters of gas w ill d is
place all th e air in th e  globe. T herefore, to  be certain  
th a t  all th e air is displaced, 10 liters of gas were a l
low ed to  flow into  th e globe before each test. T h e  gas 
flowed a t a rate of 0.9 to  1.0 liter per m inute.

T o  blow  th e dust into th is gas m ixture b y  a puff 
of air w ould change th e oxygen  conten t and introduce 
an appreciable error. T herefore, a second connec
tion  was m ade to  th e  gas holder so th a t  gas could 
be draw n from  it  and com pressed b y  a vacu u m  and 
com pression pum p, into the bulb a ttach ed  to  th e funnel 
w hich contained th e dust to  be tested.

T h e m ethod of te stin g  w as, therefore, not unlike 
th a t used for testin g th e  exp lo sib ility  of carbonaceous 
dusts in air, except th a t th e explosion flask w as filled 
w ith a know n gas m ixture and th e dust was in jected  b y  
the sam e gas m ixture under a pressure of 20 cm . of 
m ercury. T h e  heatin g of th e  ign itin g  coil w as so 
regulated  th a t  th e dust m ight be in jected  as soon as 
possible after all th e air had been displaced. T his 
was done to  ob via te  a n y  possible change in th e gas 
m ixture b y  leakage or a n y  other w ay.

s e r i e s  o p  t e s t s — A  few  prelim inary tests were m ade 
w ith  dusts w hich gave an indication  of th e low er lim it 
to  be expected. F iv e  ty p ic a l dusts were th en  tested, 
using th e  follow ing gas m ixtures:

P er cent Oa P er cen t COa Per cen t Na
16.9 4 .0 79.1
15.0 5 .6 79 .4
14.1 6 . 8 79. 1
13.9 6 . 1 80 .0
13.4 7 .6 79.0
1 2 . 8 7 .6 79 .6
1 2 . 2 9 .0 78.8
10.9 9 .2 79.9

0 . 8 0 . 0 9 9 .2

P ittsb u rg h  Stan d ard  C oal D u st w as tested  w ith  the 
fo llow ing gas m ixtures:

P er cent Oi P e r cent COa P er cen t Na
19.8 1 .2  79 .0
19.2 1 .9  78 .9
18.1 2 .8  79.1
16.9 4 .6  78.5
16.0 8 . 8  75 .2
0 .8  0 .0  99 .2

It  will be observed th a t the sum  of th e oxygen  and 
carbon dioxide conten t does n ot a lw ays add to  21
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per cent. T h is  is due to  th e  in accu rate  m ethod of 
m easuring th e gas as it  was m ixed. T hese figures 
are th e m ean of tw o  analyses m ade before and after 
each series of tests. In  no case was there a va riatio n  
of over 0.2 per cen t in th e  tw o  analyses.

As in  all cases w here no inflam m ation w as n otice
able, a pressure w as obtained ab ove th a t  g iven  b y  the 
blank— th a t is a te st m ade w ith ou t a n y  dust— it was 
thought th a t these m ight be due to  a decom position 
caused b y  th e dust strik in g th e hot coil and not due to 
a slight ignition. T o  determ ine th is, a series of tests 
was m ade using 99.2 per cent pure nitrogen in  the 
globe. W ith  all grain  dusts a pressure of 0.4 to  0.5 
lb. m ore th a n  the b lan k  w as obtained, th a t is, a pressure 
of 0.6 to  0.7 lb. T h e average of 0.6 lb. w as th ere
fore taken  as th e zero correction, in all tests where 
gas m ixtures are used. C oal dust gave a pressure of 
o. 2 lb. m ore th a n  th e b lan k, or a pressure of 0.4 lb. T his 
pressure was ta k en  as th e zero correction  for coal d u st.

r e s u l t s — T h e results obtained w ith  th e five ty p ica l 
dusts and coal dust are g iven  in F ig. I, the average 
lbs. pressure being p lotted  again st th e  percen tage of 
oxygen in the gas m ixture. T his m ethod w as adopted

Fiq. 1

instead of p lottin g  pressures against percen tage of 
CO2, since it  is the am ount of oxygen  in th e air rath er 
than th e am ount of carbon dioxide th a t determ ines 
inflam m able lim its. If  th e carbon dioxide replaced 
the oxygen  in air, th en  p lottin g  against carbon  dioxide 
would g ive th e sam e curves because th e balance of 
the 21 per cent w ould be oxygen. B u t in the gas 
m ixtures used, th e carbon dioxide was som etim es one 
per cent low er th a n  w ould be required to  m ake the 
sum  of it  and th e oxygen  up  to  21 per cent. T h is one

per cen t or less is nitrogen, an inert gas, and, therefore, 
would h ave a sim ilar effect to  th a t  of th e carbon di
oxide in preven tin g com bustion.

T h e values as g iven  in  th e  curves are th e average 
of all results ob tain ed  in  each series of tests. F or 
th e  pressures above 2 pounds, the results given  in each 
series were q uite uniform  and concordant. T h is is 
also true for pressures averagin g under 0.5 lb. 
B u t those results betw een  0.5 lb. and 2 lbs. are less 
uniform .

I t  w ill be observed th a t these curves are quite sim ilar 
in th eir d irection, fa llin g  v e ry  rap id ly  as th e percentage 
oxygen  is decreased until a point is reached where th e 
curves flatten . T h is point is in n early  e v e ry  case 
at pressures near or less th a n  1 lb . I t  is considered 
th a t rap id  oxidation  w ill ta k e  place if th e  oxygen  con
te n t of th e atm osphere is ab ove th a t in dicated  b y  th e 
b reak in th e  curve, b u t can not ta k e  place if th e oxygen  
conten t is less th a n  th is am ount.

c o n c l u s i o n s — A lth o u gh  no large scale tests have 
been m ade w ith  w hich to  com pare these results, from  
the general action  of th e  dusts in th e  tests, it  m ay be 
concluded th a t an explosion of a grain  dust can not be 
in itia ted  in a gas m ixture contain ing 12 or less per 
cent of oxygen, th e rem ainder being inert gases. A n d 
this lim it could be extended  to  14 or 14.5 per cen t of 
oxygen  if e levator dusts alone are considered. T h e 
results w ould suggest th a t  th e m ain tainin g of an at-' 
m osphere of inert gases in  all system s grinding or 
h andling carbonaceous m aterials w hich form  dangerous 
dusts w ould be an effective  m eans of p reven tin g m any 
dust explosions; for even though an ordinarily  
dangerous am ount of dust m a y  be present and a spark 
or other source of h eat m ay be form ed, th e  du st w ould 
not be ign ited  or an explosion be prop agated  because 
th e  oxygen  con ten t of th e atm osphere w ould be too 
low  to  sup port com bustion.

T h e  results of these tests show th a t a low er oxygen  
con ten t in th e  in ert gas m ixture is n ecessary to  pre
ve n t an explosion of grain  dust th a n  w ould  be required  
to  preven t a coal dust explosion. A n d, th e  results 
obtained w ith coal dust w ould in d icate  th a t  a low er 
oxygen  conten t in th e mine atm osphere w ould be neces
sa ry  to  p reven t a coal du st explosion th a n  w as recom 
m ended b y  H a rger.1 H ow ever, his recom m endation  
of 17.5 per cent oxygen  w as v e ry  close to  th a t  deter
mined b y  th e  authors.

I t  m ay be noted in  this connection th a t  th e  results 
published in a previous paper show  th a t w ith  one ex 
ception  coal dust is less inflam m able in air th an  th e 
other dusts used in th e  tests w ith  inert gases. T h is one 
exception  is w h eat flour, a co m p a ra tiv ely  coarse dust.

L arge scale tests are being planned to  dem on strate 
fu rth er th e  effectiveness of th is p reven tive . T h e  re
sults w hich m ay be ob tain ed  then  m ay alter th e  above 
results sligh tly . H ow ever, it  is considered, as a resu lt 
of th e present tests, th a t  an inert gas m ixture con
tain in g 12 per cent or low er of oxygen  w ill p rev en t a 
dust explosion from  sta rtin g  or prop agatin g.

B u r e a u  o p  C h e m is t r y  
W a s h in g t o n , D .  C .

1 Loc. cit.
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THE TH ERM AL DECO M PO SITIO N  OF BENZENE
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H IS T O R IC A L  IN T R O D U C T IO N  

T h e d iscovery  of d iphenyl b y  F it t ig 1 in 1862 b y  th e 
action  of sodium  on brom benzene opened up a new 
field in organic ch em istry. His m ethod, how ever, 
was costly  and it  w as n ot till B erth elo t2 in th e course 
of his classic researches on p yrogen etic reactions found 
th a t benzene, when passed th rough  a red hot tu b e, 
decom posed chiefly  into hydrogen  and d iphenyl, a 
m uch cheaper m ethod of preparation, th a t im petus 
was given  to  th e chem istry of th a t com pound and 
m ethods of im provin g th e yields were w orked out b y  
various investigators.

B erth elot found th a t b y  passing vapors of benzene 
through a red hot porcelain  tu b e, a t the rate of one 
gram  per m inute, he obtained  hydrogen  and a liquid  
product, from  w hich he isolated  diphenyl and other 
hydrocarbons w hich he claim ed to  be “ chrysene”  benz- 
erythrin e, and “ b itu m en e.”  H e  stated  u n equ ivocally  
th a t betw een  th e  boiling point of th e  undecom posed 
benzene and th a t of the d iphenyl, th ere was no in ter
m ediate com pound, and th a t no naphthalene, styrolene, 
or anthracene were form ed. From  th e gas, w hich con
sisted of alm ost pure hydrogen, he claim ed to have ob
tained  a sm all q u a n tity  of acetylen e, th o u gh  th e pres
ence of hydrogen  sulfide3 interfered w ith  th e  test for 
th a t com pound and rendered it  uncertain.

F ollow ing B erth elo t’s d iscovery, S ch u ltz4 in tro 
duced several im provem en ts and pointed  ou t th e  in
fluence of rate  and tem perature. In stead  of passing 
the vapors from  boiling benzene th rough  a hot porce
lain  tub e, he used a hot iron tu b e and dropped the 
benzene into it  a t th e rate  of 1 drop e v e ry  3 seconds. 
L ater, he used 100-200 g. per hour and a not quite 
"w h ite -h o t”  tub e. S ch u ltz ’ yields were 50 to  60 
per cent of th e benzene used. L uddens6 used a CO2 
stream  to  carry  th e vapors of benzene along th e hot 
tu b e, a m ethod likew ise follow ed b y  H ubn er.8

r S ch u ltz7 studied also th e ta rry  products obtained 
along w ith  d iphenyl, and identified p -  and »»-diphenyl 
benzene and claim ed th a t B erth e lo t’s “ ch rysen e”  
was only a m ixture of diphenylbenzenes and another 
h ydrocarbon  m elting a t 266° C . H e obtained  also 
another hydrocarbon  m elting at 196° C ., w hich gave 
a com pound w ith  picric acid, whereas none of th e  others 
w ould. B erth elo t8 ob jected  to  S ch u ltz ’ correction,
basin g his objections on a n a lytica l d ata  and p u t forw ard 
th e claim  th a t S ch u ltz ’ product w as im pure and con
sisted of a m ixture of diphenylbenzenes w ith  “ ch rysen e.”  

Sch m idt and Schultz* m ade an exh au stive in vesti
gation  of th e ta rry  products from  th e benzene de
com position and obtained the follow ing products:

M . P. P icrate
(1) D ip h en y l.....................................................  70.5° N one
i2) p -D ipheny lbenzene ...........................................  205° N one
(3) m -D iphenylbenzene..........................................  85° N one
(4) T r ip h e n y ten e ......................................................  196° R ed needles
(5) B enzery th rine .................................................... 307-308° N one
(6 ; Oily hydrocarbons...........................................
(7) P itch  (b. p. above 450°)
i A n n ., 124 (1862). 276. * A nn . de Chim., [4] 9 (1866), 445.
* F rom  th e  th iophene in benzene. Thiophene n o t y e t discovered.
« Ber., 5 (1872), 682; A n n ., 1 7 4  (1874), 201; Ber., 9 (1876), 547.
* Ber., 8  (1875), 870. • A n n .,  2 0 9  (1881), 339. 1 1bid., 1 7 4  (1874), 230.
* Bull. soc. chim., [2] 2 2  (1874), 437. • A n n ., 2 0 3  (1880), 118.

V ol. 9, N o. 4

T h e y  again  claim ed th a t  B erth e lo t’s “ ch rysene”  is 
iden tical w ith  th eir “ trip h en ylen e .”  In  their experi
m ents, th e y  used th e m ethod p reviou sly  em p loyed  b y  
Sch ultz, using a rate  of i  drop ev ery  3 seconds. T he 
y ield  of ^ -diphenylbenzene w as 40 g. from  2 kg. of b en 
zene.

O lg ia tti1 obtained d iphenylbenzenes b y  likew ise 
passing benzene through a red hot tu b e and collecting 
th e 3 2 o to 4 2 o ° C . fraction  of th e decom position products.

H ab er2 foun d th a t  below  9000 C . benzene was not 
decom posed and th a t on ly ab ove io o o °  C . was it effected 
w ith  the form ation  of d iphenyl. H aber n oticed  th e 
form ation  of other crysta llin e com pounds along w ith  
d iphen yl b u t did n ot in v estig a te  th em ; he rem arked 
th a t nap hthalene w as not obtained.

From  th a t tim e on, ow ing to  th e im portance of th e 
use of benzene for carburetin g w ater gas, m any studies 
of th e  decom position of benzene h ave been published. 
M c K e e 3 studied  th e decom position of benzene b y 
passing its vapors th rough  a copper tu b e heated  elec
tr ica lly  and determ in ing th e  specific gravities of the 
recovered products and their appearance under the 
polarizin g m icroscope. He m ade no a ttem p t w h a t
ever a t determ in ation  of the chem ical com position  of 
these products. T h e tem peratures were accu rate ly  
m easured and m ention is m ade of th e regulation  of 
the rate, b u t it  is n ot given. H is tem peratures varied  
betw een 448 and 765° C . and th e on ly  conclusions 
he drew were th a t th e am ounts of decom position  and 
th e specific gravities increased w ith  th e tem perature. 
Ip atie ff4 foun d th a t benzene in th e  presence of iron 
gave diphenyl and hydrogen  ab ove 6oo°.

Sm ith  and L ew cock6 passed benzene vapors a t v a r y 
ing rates th rough  a red hot iron tu b e  in  th e  presence 
of various cata lyzers and using v a ry in g  tem peratures. 
T h e catalyzers used were oxides of calcium , lead, a lu m i
num , b arium  peroxide, etc., b u t as th e y  rem ark, th e 
action  m ay n ot h a ve  been p u rely  c a ta ly tic , since som e 
of th e oxides were reduced to  th e corresponding 
m etals or low er oxides. T h e y  find th a t  th e  y ield  of 
d iphenyl is not increased b y  using tem peratures above 
720°.

R ecen tly , H ollins and C o b b 6 h a ve  foun d th a t  benzene 
is n ot decom posed below  8000 when a m ixture of 
hydrogen  and m ethane sa tu rated  w ith  benzene vapo r 
w as passed through a h ot tub e.

R ittm an , B yro n  and E glo ff7 stu d yin g  th e decom posi
tion  of arom atic hydrocarbon s b y  passing benzene 
through an iron tu b e 6 ft. lon g a t th e  ra te  of 200 cc. 
per hour, using v a ry in g  tem peratures and pressures, 
s ta te  th a t  th e y  obtained  nap hthalene and doubtless 
d iphenyl, th o u gh  th e y  did n ot isolate it.

Sum m ing up in review , th e decom position of benzene 
b y  heat ta k es  place in such a w a y  as to  sp lit  off tw o 
or more hydrogen  atom s from  th e  ring, form ing di
p h enyl and diphenylbenzenes. N o in vestigator, pre
vious to  R ittm a n , B yro n  and E gloff, has claim ed to

> Ber., 27 (1894), 3387.
> J . Gash cl., 39 (1896), 377-382, 395-399, 435-439, etc.
> J . Soc. Chcm. Ind ., 23 (1904), 403.
1 J .  Russ. Phys. Chcm. Soc., 39 (1907), 681.
* J . Chcm. Soc., 101 (1912), 1453-1458.
• Gas World, 60 (1914), 879. » T h i s  J o u r n a l , 7 (1915), 1019.
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h ave ob tain ed  a n y  n aphthalene, and none a t all of 
anthracene or phenanthrene. Indeed, those w ho de
vo ted  a n y  atten tion  to  th e  point, as B erth elo t and 
H aber, s ta te  u n eq u iv o cally  th a t th e y  were un able to  
obtain  a n y  naphthalene. In  other w ords, all .in vesti
gators, previous to 1915, h a ve  been unable to  adduce 
conclusive evidence th a t th e  benzene ring breaks up 
a t tem peratures below  8000 C . and atm ospheric pres
sure, in a n y  excep t tw o w ays:

(1) B en zen e— »-Carbon +  G as, 
or, (2) B en zen e— Con densation  P roducts, b y  the 
sp littin g  off of hydrogen  from  tw o  or m ore m olecules.

R ittm a n , B yro n  and E gloff do n ot s ta te  in their 
pub lication  w h a t te st besides th e  boiling point th e y  used 
in determ in ing th e presence of nap hthalene. Since 
their claim s are en tirely  in  opposition  to  all previous 
w ork, th a t th e am ounts of m aterial ob tain ed  b y  them  
were sm all, th a t th e boiling points of d iphen yl and 
n aphthalene, esp ecially  when m ixed w ith  other decom 
position  products, are dangerously near togeth er to 
be of va lu e  in deciding th e  m atter, fu rth er evidence 
on th a t  poin t seem ed desirable.

B erth e lo t’s conten tion  th a t he obtained  chrysene 
was defin itely  settled  b y  th e  w ork of Sch m idt and 
S ch u ltz1 who proved th a t  th e  hydrocarb on  he believed  
to be chrysene m elted sh arp ly  a t 196° and n ot a t 
"a b o u t 2000,”  and fu rth er b y  L ieberm an ,2 who o b 
tained pure c h ry se re  m eltin g a t 250° and pointed out 
th a t B erth e lo t’s p roduct could  n ot h ave been th a t 
com pound.

In  connection  w ith  other studies on th erm al decom 
position of h ydrocarb on s un dertaken  in th is lab o ra 
to ry  b y  one of u s,3 it  seem ed desirable to  s tu d y  m ore 
com pletely  th e  course of reaction  of th e decom position 
of benzene in  order to  arrive a t som e definite con
clusions regardin g its b eh avior a t h igh tem peratures 
and gra d u ally  gain  insight in to  th e com plicated  m ech
anism  of form ation  of cyc lic  and p o ly c y clic  com 
pounds from  stra ig h t chain  hydrocarbon s.

E X P E R IM E N T A L

T h e plan of th e  experim ental w ork consisted in 
stu d yin g  the decom position of pure benzene b y  pass
ing it a t  m easured rates th rough  a furnace, th e tem p era 
ture of w hich could be a ccu rate ly  controlled. T h e  
plan included th e  follow ing top ics:

1— Influence of th e tem perature.
2— Influence of th e  rate.
3— Influence of the m etallic  catalyzers.
4— Com position  of th e gases.
5— Com position  of th e  tar.

m a t e r i a l — T h e benzene used w as pure thiophene- 
free benzene b oilin g at 8 0 -8 10 C. of specific g r a v ity
0.881, a t 15 .5 ° C . N o test for thiophene w as given  
b y  th e indophenene reaction, and on trea tm en t w ith 
C . P . con cen trated  sulfuric acid, no change of color 
was n oticeable in  th e acid.

T hree hundred cc. of benzene were used in each run 
w henever possible. In  som e cases, as when nickel 
and iron were used as cata lyzers a t th e  higher tem p era
tures, n ot m ore th a n  one-fourth of th a t  am ount could

1 Loc. Ciu » A nn ., 168, 2 9 9 . » T h i s  J o u r n a l , 8  ( 1 9 1 6 ) ,  6 7 4 , 7 7 7 .

be used as th e deposition of carbon w ould p lug up the 
tu b e, and stop th e  run.

a p p a r a t u s  a n d  p r o c e d u r e — T h e heatin g ap p aratu s 
used consisted of a W h ita k er-R ittm a n  furnace, the 
description  of w hich has been given  in detail in 
T h i s  J o u r n a l 1 and w ill, therefore, not be described 
here. T h e arrangem ent of th e ap p aratu s is dia- 
gram m atica lly  g iven  in F ig . I. E ssen tia lly  it  consisted 
of an iron tu b e  i 1/* in. in  d iam eter, e lectrica lly  heated 
and provided  w ith  a  rh eostat and a p yrom eter to  regu 
late  and m easure th e  tem perature. T h e pyrom eter 
w as a base-m etal therm ocouple w hich  w as com pared 
w ith  a stan dardized  p latinum -iridium  therm ocouple

1— Oil feed cup
2— T ube of furnace
3— N ichrom e wire resistance 
4, 5— M agnesia lining
6— Stuffing box for pyrom eter
7— Condenser tube
8— W ater ja c k e t
9— S upport of furnace

10— W ide m outh  glass bo ttle

1 1 — E xit for gases
12— Electrodes of copper gauze
13— Induction  coil
14— Storage batteries
15— P yrom eter rod
16— Pyrom eter scale
17— Pyrom eter support
18— V oltm eter
19— R heosta t

and found to  check  up w ithin  5 to 10°, accordin g to 
tem peratures. T h e tem p eratu re could  be m aintained 
constan t w ithin  5 0 C ., for long periods of tim e. T h e 
benzene was led  into th e  tu b e  from  a large oil feed 
cup w ith  a sight tu b e  b y  w hich th e  rate  of flow could 
be a ccu ra te ly  determ ined b y  counting th e drops fa llin g 
in a certain  tim e. One drop per second ga v e  a flow 
of 100 cc. per hour, tw o  drops 200 and th ree drops 
300 cc. T h ese values were determ ined exp erim en tally, 
as, of course, th e  size of th e drop will v a r y  w ith  the 
size of th e opening. T h e  benzene did n ot drop d irectly  
in to  th e  h eated  tu b e, even  a t th e higher rates, b u t 
flow ed along th e sides and vap o rized  before reaching

• 6  (1 9 1 4 ), 4 7 2 .
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th e  area of high tem perature. T h is is an im portan t 
point in a v ertica l furnace since som e of th e benzene 
could readily  fa ll through th e tu b e  w ith ou t vaporizin g, 
ow ing to the sm all surface of th e spherical drop and 
th e short tim e it  w ould be exposed to heating.

T h e condensing ap p aratu s consisted of a piece of 
iron pipe l/2 in. in d iam eter, 3 ft . long, surrounded 
b y  a w ater ja ck et. T h e w ater cooling was foun d un 
necessary, in fa ct, detrim en tal, as th e  d iphen yl w as apt 
to solid ify  and choke th e  condenser. T h e cooling 
was quite sufficient as w as shown b y  recoveries of 
98 per cent of th e  benzene used in som e of th e runs 
where little  decom position to  carbon occurs. T h e 
receiver consisted of a wide m outh glass b o ttle  pro
vided w ith  tw o  electrodes connected w ith  an induction  
coil and a set of storage batteries. T h is arrangem ent 
was found v e ry  conven ien t to  settle  th e  “ fo g ”  from  th e 
gases obtained b y  decom position  a t higher tem p era
tures, and afforded a m eans of accom plishing com 
plete deposition in th e receiver. T h e w hole ap p aratu s 
was washed w ith  benzene before th e beginning of a 
new run in  order to  avoid  v it ia tin g  results b y  decom po
sition  products from  a previous run.

T h e decom position products of th e reactions were 
d istilled  in a 500 cc. flask provided  w ith  a G lin sky  
colum n and a 24-in. condenser for th e  low er boiling 
fraction s (undecom posed benzene). T h e residues were 
tran sferred  to  a stan dard  E ngler d istillin g flask and 
th e  d istillation  carried on up to  300° C . M o st of th e 
d istilla te  cam e over betw een  250 and 2750 (diphenyl). 
A  sm all fraction  com ing over betw een  200 and 250°, 
was collected  sep a ra tely  and carefu lly  tested  for n ap h 
th alen e. T h e residue (tar) w as in m ost cases too sm all 
to  be fractio n ated  sep arately , so th a t th e  tars  from  
a series of sim ilar runs were added togeth er and frac
tion ated .

c a t a l y z e r s — T h e catalyzers were pieces of m etallic 
.gauze 40 mesh in case of th e copper and iron, 40 mesh 
.and 50 mesh in  the case of n ickel, cu t in to  pieces

10 in. X  12 in ., rolled so as to  fit th e  tu b e  and inserted 
into  th e  part of th e  tu b e  ab ove th e pyrom eter. F re
q uent changes were n ecessary as th e y  q u ick ly  becam e 
coated w ith  carbon. T h is deposition of carbon was 
p a rticu la rly  ob jection ab le  in  th e case of n ickel and iron 
where p luggin g of th e tu b e  w ould occur before m uch 
of th e  benzene could pass through.

g a s e s — Sam ples of gas were collected  for analysis 
at th e ex it from  th e ta r  sep arator. T o  te st for a c e ty 
lene, a large te st tu b e half filled w ith  an am m oniacal 
cuprous chloride solution, and provided  w ith  a tw o- 
hole stopper and a tu b e reachin g to  th e b otto m , w as 
inserted at th e end exit from  th e  separator tub e. T o  
m easure th e am oun t of gas g iven  off in th e reaction  a 
R eferee m eter grad u ated  to  0.001 cu. ft. and p rovided  
w ith  a therm om eter w as p laced a t th e  end of th e tar 
separator.

T h e gases were an a lyzed  over w ater for u n satu rated , 
b y  absorption w ith  fu m in g sulfuric, for h yd rogen  
b y  passin g over copper oxide a t 290—3000 and for 
m ethane b y  explosion w ith  oxygen.

s o u r c e s  o f  e r r o r — T h e chief source of error w as 
th e deposition of carbon in  th e tu b e  and on th e  c a ta 
lyzers as w ell as on th e p yrom eter rod. T h is  tended to  
o b stru ct th e passage of th e  gases and in terfered  w ith  
th e tem perature m easurem ents. T h e  higher tem p era
tures are p rob ab ly  too low  since th e deposition  of non
conductin g finely  d ivided  carbon w ould a ct as a h eat 
insulator. Since th e p yrom eter projected  into  th e 
m iddle of th e  tu b e th e tem peratu re m easured a t th e  
beginning of a run w as th e actu al tem p eratu re of th e 
vapors and gases and n ot m erely th a t  of th e w alls of 
th e tube.

T h e carryin g of undecom posed benzene in th e form  
of vap o r b y  th e  h yd rogen  introduces quite an a p 
preciable error in som e of th e  determ inations. T h is

60
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F i g . I l l — I n f l u e n c e  o f  R a t e

error increases w ith  increasing decom position  of th e 
benzene and consequent increase in th e  vo lu m e of 
th e gases. A t ord in ary  tem peratures (20° C .) , th e 
vap o r pressure of benzene is 74.6 mm. or n early  10 per 
cent of th e  to ta l volum e of hydrogen  given  off. As
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th ere is produced b y  th e  reaction, p roducts w hich dis
so lve in th e  benzene and low er its  va p o r pressure, 
th is am ount of benzene in  th e  gas is sen sib ly  low ered. 
E xp erim en tally  w e foun d th is p ercen tage to  be abou t
7.3 per cen t (see T a b le  I I I ) .  C alcu latio n s of per cent

low  as 500°. In  all cases below  600 °, th e  am ounts 
decom posed are sm all, b u t q uite appreciable, and leave 
no d ou b t th a t d iphenyl and other decom position  prod
ucts are form ed a t those tem peratures. T h is is q uite 
in opposition  to  th e  claim s of Ip atie ff and of H a b er1

T a b l s  I — E p i 'K c t  o v  R a t o '  ( P e r  c e n t s  o n  B a s i s  o p  T o t a i ,  B e n z e n e  U s e d )

Tem p. 
0 C. 
500 
550 
600 
650 
700 
750 
800

S p . G r . R e c o v e r e d  O il s  P e r  c e n t  D i p h e n y l  a n d  T a r  P e r  c e n t  D i p h e n y l
100 cc. 
per hr. 
0.886 
0.886 
0.887 
0.897 
0 .920  
0 .950  
0 .956

200  cc. 
per hr.

0.888
0.891
0.910
0.936
0.950

300 cc. 
per hr. 
0 .884  
0 .884 
0.886 
0.890 
0 .896  
0.916 
0.945

100 cc. 
per hr.

4 .0
2.0 
3 .7

14.5
20.0
3 2 .0
22 .7

200  cc. 
per hr.

7 .5
9 .5  

16.0 
26 .0

6 .8

300 cc. 
per hr. 

1.0 
4 .0
4 .7
7 .7

10.3
21.3  
34 .0

100 cc. 200  cc. 
p er h r. per hr. 
0.6 
0 .9  
2.2 

10.9
14.6
22.6 

5 .4

300 cc. 
per hr. 

0 . 1  
0.8 
1.6 
4 .9  
8.1 

14.7 
16.9

100  cc. 
per hr.

3 .4  
1.1
1.5
3 .6
5 .4
9 .4  

17.3

P e r  c e n t  T a r
2 00  cc. 
p er hr.

5 .0
2 . 1
2 .5
4 .5  

19.4

300 cc. 
per hr. 

0 .9  
3 .2
3 .1  
2 .8
2 . 2  
6.6

17.1

P e r  c e n t  B e n z e n e  
D e c o m p o s e d  t o  

F o r m  C a r b o n  a n d  G a s  
100 cc. 200 cc. 300 cc, 

per hr.per hr. 
11.0 
1 2 .0
14.0 
15.5
19.3
26 .0
57.3

3 .5
7 .5

14.0
16.0 
3 1 .0

per hr. 
1 . 0  
2 .0
2 .3
7 .3  
8.0 
8 .7

16.0

decom position on basis o f “ actu al benzene u sed ”  
{total benzene benzene recovered) should be corrected  
b y  su b tractin g  from  th e “ a ctu al benzene”  th e  am ount 
of benzene vap o r w hich th e o retica lly  could  be re
covered b y  cooling th e gases to  a v e ry  lo w  tem peratu re . 
T his correction  m ay am ou n t to  n early  13 per cent 
of th e  benzene used.

T h is  correction  applies likew ise to  th e  “ per cen t 
of carbon and  g a s”  form ation , if th e la tte r  is foun d b y  
su b tractin g  from  th e  to ta l benzene th e am ounts of 
d iphenyl and tar. obtained.

F or th is reason th e  percen tages ca lcu lated  in  th is 
paper are given  on th e basis of “ to ta l b enzene.”  M o re
over, in som e cases, esp ecially  a t low er tem peratures, 
th e am ounts of “ a ctu al b enzene”  are so sm all as to

b u t the precautions ta k en  in these exp erim ents to  pre
v e n t con tam in atio n s from  a previou s run and th e fa c t 
th a t w e obtained  d iphen yl rep eated ly  a t tem p eratu res 
as low  as 500° can leave  no doubt on th is point.

I f th e added percen tages of d iphen yl and ta r  as 
g iv in g  th e  to ta l am ount of syn th etic  p roducts (d iphenyl, 
d iphenylbenzenes, etc.) form ed, are p lo tted  against 
tem peratures, th ere is no m arked reg u la rity  below  
6000 ow ing to  th e  fa c t th a t  th e  percen tages are so 
close togeth er as to  com e w ith in  th e  lim its of experi
m ental error. A b o v e  th a t tem perature, the decom po
sition  proceeds w ith  regu la rity , being greater in  th e 
case of th e  slow er rate  w hich a tta in s a m axim um  at 
750°. A b o v e  th a t tem peratu re, the decom position 
to  gas and carbon (F ig. I l l )  proceeds so rap id ly  in  the

T a b l e  I I — E f f e c t  o f  C a t a l y s is  ( P e r  c e n t s  o n  B a s i s  T o t a l  B e n z e n e )

Tem p.
0 C. N one
500
550
600
650
700
750
800

0.884
0.884
0 .8 8 6
0.890
0.896
0.916
0.945

Cu

ÓÍ884
0.885
0.889
0.900
0.926
0.936

(a)
0.884

CL884
0.885

N one
1.0
4 .0
6 .0  
7 .7

10.3
21.3  
34 .0

Cu (a) (b)

P e r  c e n t  D i p h e n y l  a n d  T a r  
Nickel

Fe 
1.9
2 .7
4 .7  
7 .0

12.0 
11.0 
10.0

S p . G r . R e c o v e r e d  O il  
N ickel

F e  
0 .884  
0 .884  
0.885 
0.887 
0.898
0.902  0 .884
0.906  .........

(a) 40-mesh Nickel

introduce v e ry  large percen tage 
calcu lated  on th a t  basis.

D IS C U S S IO N  O F DATA 

i n f l u e n c e  o f  r a t e — T h e results regardin g th e  in 
fluence of rate  are given  in T a b le  I and F igs. II  and I I I .  
D ecom position  begins, even  w ith  th e  faster rates, as

errors if results are

P e r  c e n t  D i p h e n y l  
N ickel

C u Fe 
.. 0 .8  
0 .4  0 .8  
1 . 0  1 . 8  
3 .1  3 .9  
9 .8  7 .6  

18.1 5 .6  
8 . 6 2 . 2

(¡0

of th e

(a)

ö’.ö
0.8
1.9

0 .5

N one 
0 .9  
3 .2
3 .1  
2 .8
2.2 
6 .6

...............  17.1
50-m esh N ickel

P e r  c e n t  R e s i d u e  T a r  
Nickel 

(«>Cu

1 . 2
1.7
1.9
1.5
5 .2
3.1

Fe
1.1
1.9
3 .2
3.1
4 .4
5 .4  
9 .8

P e r  c e n t  G a s  a n d  C a r b o n  
N ickel

Fe (<*) (6)
15 .0  3 6 .0

2 Ü 3  57 1Ô
3 0 .0  7 0 .0
  79 .2
6 5 .0  100.0

case of th e  100 cc. rate  as to  cause a m arked fa llin g 
off in th e percen tage of sy n th etic  products. T h e  gas 
and carbon form ation  being slower in  th e  200 cc. rate, 
its effect on th e sy n th etic  p roducts is less m arked and 
although th e percen tage of syn th etics  is greater a t

1 See historical in troduction .

Tar oil

o f
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8000 th an  a t 700 the rate  of increase is m uch sm aller 
than  in the previous 50° rise. F in a lly , in th e 300 
cc. rate, th e  am ount of gas and carbon being m uch 
sm aller th an  in either of th e previous cases, its  in 
fluence on the syn th etics  is scarcely  noticeable, and 
their rate  of increase is th e sam e betw een  750 and 8000 
as betw een  700 and 750°.

If now  we sp lit th e  “ syn th e tic s”  into  their com 
ponents and p lot these sep arately  (Figs. IV  and V ), 
we find th a t d iphenyl decreases m arkedly  ab o v e  750°, 
except in th e  case of th e  300 cc. rate  where there is a 
sm all increase. In  a n y  case, th e  rate of d iphenyl 
form ation  is m arked ly  dim inished. T o  counterbalan ce

cases of reaction s in th e  gas phase. I t  m ust be also 
rem em bered th a t, not being a p rod u ct of th e reaction, 
aCeHfs— >- C12H10 +  Hs, it  m ay act in th is case as a 
true catalyzer.

T h e action  of copper, iron and nickel as cata lyzers 
is m uch th e sam e as th a t  observed b y  one of u s1 in 
connection w ith  th e  decom position of stra ig h t chain  
hydrocarbon s. T h e action  of th e  copper is alm ost 
nil up to  7000 C . A t  800°, how ever, a m arked de
crease in th e d iphen yl and ta r  form ations tak es place 
w ith  consequent increase in th e carbon and gas. T h ere 
m ay be a question w hether this decrease is due to  specific 
c a ta ly tic  action  or m erely to  increased surface.

W h atever question there m a y be regarding th e  cop
per, there can be none regardin g nickel and iron.

this, we find th a t in all cases the rate  of ta r  form ation  
increases v e ry  m arked ly  from  750 to  800°. I t  w ould 
th en  appear th a t  th e ta r  form ation  occurs a t th e  ex
pense of d iphenyl and th a t th e d iphenylbenzenes and 
other condensation  products are form ed b y  the action  
of d iphenyl on benzene.

i n f l u e n c e  o f  c a t a l y z e r s — T h e cata ly zers  studied  
were copper, iron and nickel. F or th e sake of un i
form ity , wire gauzes of th e  sam e mesh were used, ex
cep t in th e case of n ickel when tw o different meshes 
were used. T h e rate in these cases w as 300 cc. per 
hour.

T h e graph w ith  “ no c a ta ly ze r”  is given  for th e  sake 
of com parison. I t  is, of course, a question  w hether 
the finely d ivided carbon w hich form s ab u n d an tly  
a t th e  higher tem peratures is not itself a  catalyzer. 
A s, how ever, the am ount form ed on th e sides of the 
tub e w as the sam e in all cases, its  influence, so fa r as 
th a t  am ount is concerned, is negligible for purposes 
of com parison. As to w hether a p roduct of a reaction  
can be called  a catalyzer, it  m ust be borne in  m ind 
th a t at th e higher tem peratu re th e speed of th e reverse 
reaction, 6 C  +  3H 2-— *-C 6H 6, is im m easurably sm all, 
and th a t  the action  of th e finely  d ivid ed  carbon m ay 
be in th e n ature of a surface action, so im p ortan t in

T hese are true catalyzers for th e reaction  C 6H 6 = 
6C +  3H2 (see F ig. V II) . Of course, th e  surface ex
posed has a m arked effect on th e  action  as m ay be 
gathered from  th e results ob tain ed  w ith  tw o different 
meshes of n ick el/ga u ze.

g a s e s - — A n alyses of th e gases are given  in T a b le  II I .

T a b l e  I I I — G a s  F o r m e d  a t  100 C c . p k r  H o u r  R a t e

L i t e r s  p e r  100  C c .  P e r c e n t a g e s  o p  T o t a l  G a s
T em p. 

° C.
B e n z e n  

T o ta l Gas
E U s e d  
H ydrogen U nsa tu rated  H ydrogen Residue

500 2 . 8 2 . 6 7 .2 9 0 .8 2 . 8
550 4 .2 3 .9 7.7 89 .9 2 .4
600 8 .5 7 .8 7 .2 89 .8 3 .0
650 12.7 1 1 . 8 7.2 90 .6 2 . 2
700 28.3 26 .2 7.3 88.3 4 .4
750 49.5 36.1 7.3 90 .5 2 . 2
800 63.7 59 .2 7.1 91 .8 1 . 1

T h e per cent of “ u n satu rated ”  is so constan t and 
corresponds so w ell to  the am ount of benzene vap o r 
th a t  it  can not be ascribed to  an y other cause.

C arefu l tests for acetylen e w ith  am m oniacal cuprous 
chloride p roved  ab so lu tely  n egative. Of all in v esti
gators of th e  therm al decom position of benzene, 
B erth elot is th e on ly  one to report a ce ty le n e ,2 and he 
was none too  sure abou t its  presence, ow ing to  th e 
interference of sulfur com pounds in  his benzene 
w hich generated  H 2S.

1 Loc. cit. 3 See historical in troduction.

F i g . V I— I n f l u e n c e  o p  C a t a l y z e r s F i g . V II— I n f l u e n c e  o f  C a t a l y z e r s
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It  seem s to  us th a t  if acetylen e is form ed b y  th e 
therm al decom position of benzene a t atm ospheric 
pressure, we should exp ect som e of th e  condensa
tion  products th a t  it  form s w ith  benzene, such as 
n aphthalene, styrolen e, anthracene, e tc ..1 w hereas 
none of these products has been rep o rted 2 and in fa ct, 
B erthelot p o sitiv e ly  declares th e y  are n ot form ed.

In  th e analysis of th e gas, th ere a lw ays rem ained 
a residue a fter com bustion  of th e  hydrogen  over copper 

* oxide, w hich could n ot be exploded w ith  oxygen. 
T h is residue, w hich am ounted to  a b ou t 2.5 per cent, 
was u n d o u b ted ly  n itrogen. T h e  v e ry  large vo lu m e of 
the system  and th e  n ecessity  of ta k in g  gas sam ples 
before th e alm ost in e vita b le  p luggin g of th e  tu b e  
w ith carbon, m ade it  p ra ctica lly  im possible to  sweep
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F i g . V III— I n f l u e n c e  o f  C a t a l y z e r s

out all th e  air from  th e  ap p aratu s w ith  th e h yd ro gen  
produced in th e  reaction.

t a r — T h e ta rry  com pounds rem aining a fter 2750 
were redistilled  and extracted  w ith  alcohol, according 
to the m ethod of Sch m idt and S ch u ltz .3 W e were 
able to  ob tain  w ith o u t d ifficu lty  th e  sam e com pounds 
separated  b y  those authors: m- and ^ -diphenylbenzenes 
m elting a t 86° and triphen ylen e 196°, th is last g iv in g  
a com pound w ith  p icric acid. T h e  am ount of ta r  
obtained from  each sep arate run w as so sm all th a t  no 
q u an tita tive  relation  of th e influence of rate  on the 
form ation  of its  in d iv id u al con stituen ts could  be ob-

1 Bull. Soc. Chirn., 7, 218, 278, 306.
8 E xcep t naph tha lene  by  R ittm an , Byron and  Egloff (p. *.).
1 A nn ., 203, 118.
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ta in ed  w ith o u t th e in troduction  of an enorm ous per
cen tage error and for th e present on ly  th e q u a lita tiv e  
results can be reported.

C O N C L U S IO N S

From  th e ab ove d a ta, as w ell as from  those of pre
vious in vestig ators, it  seem s settled  th a t th e decom posi
tion  of benzene a t h igh tem peratures (600-800°) 
takes place in accordan ce w ith  th e  fo llow in g reactions:

C arbon } < D iphenylbenzenes
and  /  -«-----  Benzene ----- >■ D iphenyl ----- >■ ) (C ondensation P rod-

H ydrogen ) ) uc ts C ontain ing  3 or•
( more Benzene Rings)

A t tem peratures below  750°, th e  reaction  v e lo c ity  of 
th e  d iphen yl form ation  is greater th a n  th a t of carbon 
and h ydrogen . A b o v e  th a t  tem perature, th e  v e lo city  
o f th e carbon-hydrogen  reaction  becom es v e ry  great 
and decom poses th e benzene before other condensa
tion  products can be form ed.

It  seems of interest to  rem ark on th e s ta b ility  of 
th e  benzene rin g and on its  com plete decom position 
to  carbon and hydrogen  without appreciable quantities 
of intermediate products, such as acetylen e, ethylene, 
ethane or m ethane a t high tem peratures. N o con
clusive evidence has thus fa r been b rou gh t forw ard  
to  show  th a t th e  rin g is broken at h igh tem peratures 
w ith  form ation  of a n y  products b u t carbon and h y 
drogen.

T h e  rem ark of R ittm an , B y ro n  and E g lo ff1 th a t 
d iphenyl is n ot an equilibriu m  p rod u ct b u t m erely an 
in term ediate one seem s to be borne ou t b y  our results 
w ith  th is difference, how ever, th a t  w hereas those 
authors, as w ell as M c K e e ,2 believed  th e  equilibriu m  to 
be B en zen e— >■ D ip h e n yl— >■ N ap h th alen e; it  is, in 
fa ct, B en zen e— ->- D ip h en y l— > D iphenylbenzenes.

T h ere h a v e  been no cata lyzers so fa r  b rou gh t out 
th a t  c a ta ly ze  th e form ation  of d iphenyl. Those 
studied  b y  Sm ith  and L ew cock  p roved  in effective  and 
those presented in  th is paper c a ta ly ze  on ly th e  fo rm a 
tion  of carbon.

f o r m a t i o n  o f  n a p h t h a l e n e — O w ing to  th e  fa ct 
th a t  th is com pound was reported  present in th e  de
com position of benzene, b y  R ittm an , B yro n  and E gloff, 
v e ry  careful tests b oth  as to  m eltin g and boiling points 
and form ation  of p icrate  were m ade on th e  first fra c 
tion  th a t cam e over on d istillin g th e  reaction  products, 
a fter th e undecom posed benzene had boiled off. T h e 
boiling poin t of nap hthalene is 218°, w hereas th a t of 
d iphen yl is 254°. I f  an y n ap hthalene were present, 
it  w ould appear in th e first fractio n  of th e  d istillate 
w hich should com e sensibly below  th e boiling point 
of d iphenyl. T h e  first fractio n  a fter th e separation  
of th e benzene did boil m uch below  diphenyl and for 
th a t  reason w as sep a ra tely  collected, crysta llized  re
p e ated ly  and  trea ted  in  alcohol solution  w ith  picric 
acid , according to  th e  m ethod given  b y  M illik en .3 
In  no case w as a m eltin g point higher th an  700 obtained, 
using a stan dard  short-stem  therm om eter; n either was 
th e  sligh test p recip itate  of n ap hthalene p icrate  o b 
tained, though th e  m ethod w as checked w ith  sa tis
fa c to ry  results b o th  again st pure n ap h th alen e and

1 T h i s  J o u r n a l , 7  (1 9 1 5 ) , 1020 .
* J .  Soc. Chem . Ind ., 2 7  (1 9 0 4 ) , 4 0 3 .
* "Iden tification  of P u re  Organic C om pounds” (John W iley & Sons).



m ixtures of n aphthalene and d iphenyl in proportions 
from  i : i ,  to  i of d iphenyl : o .o i of naphthalene.

A s a fu rth er te st th e  accum ulated  d iphen yl from  
all experim ents, am ountin g to  ab ou t i  kilogram , was 
distilled  in a large flask and th e  first few  cubic cen ti
m eters of d istillate collected  and sub m itted  to  th e 
sam e tests w ith  n ega tive  results.

T h e  presence of nap hthalene in R ittm an , B yro n  
and E glo ff’s p rod u ct a t atm osp heric pressure can be 
ascribed b y  the w riters on ly  to  th e fa ct th a t those 
authors used com m ercial benzene, w hich doubtless 
contained toluene. T h is last on heatin g w ith  benzene 
gives nap hthalene as shown b y  C a rn e lla y 1 b y  passing 
m ixtures of benzene and toluene through a red hot tube.

T h e  specific g ra v ity  of th e benzene used b y  R ittm an , 
B yro n  and E gloff a t  15 ° w as 0.879, whereas th a t  of 
th e  one we used w as 0.881 at 15.5°- T h e difference 
is sm all indeed b u t it  tends to  show th e  presence of 
som e toluene (0.871 a t  15 .5°) in th e m aterial used 
b y  those authors.

SU M M A RY

I— T h e th erm al decom position  of benzene has been 
studied  a t tem peratures v a ry in g  from  500 to  800° C. 
and atm ospheric pressure.

II — T h e  chief products are d iphen yl, d iphen ylben 
zenes, carbon and gas. T h e form ation  of d iphenyl 
begins a t as low  a tem perature as 500

I I I — N o acety len e w as foun d in th e gas, w hich con
sisted of hydrogen  sa tu rated  w ith  benzene vap o r, and 
no n ap hthalene in th e  decom position  products, te n d 
ing to  show th a t the th erm al decom position of benzene 
a t atm ospheric pressure takes place w ith  th e form a
tion  of condensation p roducts i n . w hich th e benzene 
ring ap p aren tly  rem ains in tact, or w ith  th e form ation  
of hydrogen  and carbon.

IV — T h e effect of rate  on th e  yields of d iphenyl 
has been studied. T h e  slow er rates are m ore fa v o r 
able to  th e form ation  of d iphenyl. T h e  optim um  
tem peratu re is in th e neighborhood of 750°. A b o v e  
th a t tem perature, d iphen yl benzenes as w ell as car
bon and hydrogen  form  readily.

V — T h e c a ta ly tic  action  of copper, iron and nickel 
has been studied. Iron and n ickel fa vo r th e  decom 
position to  carbon and hydrogen. T h e  action  of 
copper is n ot m arked excep t ab ove 750°, w hen th e 
form ation  of carbon is accelerated.

Fu rth er w ork upon these top ics is now  in progress 
in th is lab oratory.

D e p a r t m e n t  o f  C h e m i s t r y  
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RUBBER H OSE FOR USE ON AEROPLANES
B y  P e r c y  A .  H o u s e m a n *

R eceived Decem ber 18, 1916

T h e  enorm ous increase in  th e  w orld ’s o u tp u t of 
aeroplanes durin g th e  last th ree years has rendered 
im p o rta n t a syste m atic  inspection of m aterials used 
in th e ir  construction .

One of th e  m aterials requiring detailed exam ination

> J . Chcm. Soc., 37, 712.
* Form erly  Chief Exam iner, A eronautical Inspection  D epartm en t 

L aboratories, London, E ngland.

is rubber hose, w hich is held to  be th e  m ost desirable 
m aterial for con veyin g gasoline from  th e ta n k  to  the 
engine on aeroplanes.

It  was found, a t th e tim e th a t a system  of inspec
tion  for aeroplane m aterials was in itia ted  in E ngland, 
th a t  th e q u ality  of th e  rubber being used w as quite 
un satisfactory. T h is w as p rob ab ly  due in a large 
m easure to th e  u n fam iliarity  of the rubber m anu
facturers w ith  th e  properties required of gasoline- 
resistant rubber hose. T h e y  appear in som e cases . 
to  h ave endeavored to  a d ap t their regular ty p es of 
m aterial, such as steam - or w ater-hose, for use w ith  
gasoline, w ith  results w hich were som etim es disastrous 
to  th e life of th e  aeroplane and to its pilot.

T h e  U n derw riters’ L ab oratories of C hicago h a ve  
published (M a y , 1914) their requirem ents for rubber 
hose to  conduct gasoline, and their tests are v e ry  
thorough. W hen th e hose is to  carry  gasoline on aero
planes som e m odification of th e U n derw riters’ ex 
am in ation  seem s desirable. B u rstin g, tensile, and 
stretch  tests on th e  original hose are described b y  th e 
U nderw riters, and tensile stren gth  is also determ ined 
24 hrs. a fter gasoline im m ersion. I t  m ay be pointed 
out th a t a fter such a period th e rubber recovers, w ith  
little  deterioration, its  original ph ysical properties 
I t  is im p ortan t to  ob tain  a  hose w hich w ill show  good 
ph ysical b ehavior w hile im m ersed in  gasoline or im 
m ediately  a fter rem oval therefrom . B u rstin g and 
tensile tests were g iven  up as specification  tests  b y  th e  
w riter because, although th e y  furnish helpful in form a
tion, it  was foun d th a t  th e y  were not adequate to  de
te c t tubes w hich w ould b eh ave b a d ly  tow ards gasoline 
w hen used on aeroplanes.

In  draw ing up specifications for gasoline-resistant 
rubber tu b in g th e  follow ing tests were carried out, 
and foun d to  be su itab le for controlling th e  q u a lity  
of th e  tubing.

T h e y  are inten ded to  a m p lify  and n ot to  su p p lan t 
th e  specifications of th e  U n derw riters’ L aboratories.

(1) f l e x i b i l i t y — T h e tub e is bent to  a circle havin g 
a diam eter (D ) w hich varies accordin g to  th e  inside 
diam eter of th e tu b e (d) as shown below :

d D
Up to  v* in. 8 tim es d
*/u  in. to  1 in. 10 tim es d
1 »/m in. to  l 1/* in. 1 2  tim es d
A bove 1 Vs in . 14 tim es d

T h e diam eter of th e tu b e  so b en t should n ot change 
a t a n y  point b y  m ore th a n  10 per cent from  its  original 
diam eter.

A  tu b e of poor flex ib ility  w ill show a perm anent 
w eak sp ot if b en t sh arp ly  a dozen tim es a t th e  sam e 
place.

(2) i m m e r s i o n  i n  g a s o l i n e — A t first an im m ersion 
te st of 200 hrs. in cold gasoline of ab ou t 0.720 sp. gr. 
w as used. I t  w as foun d th a t  a p p roxim ately  th e sam e 
effect can be atta in ed  in a shorter tim e b y  boiling in 
gasoline for 1 hr. under a reflux condenser, follow ed 
b y  24 hrs.’ stan din g in  gasoline a t room  tem perature. 
T h e approxim ate increase in w eigh t and vo lu m e of 
th e sam ple (abou t 3 in. long) is recorded for correla
tion  w ith  th e results of th e other tests. T h e decrease 
in bore at the narrow est part of th e tu b e is also n oted
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and should not exceed 25 per cent, otherw ise th e  su p 
p ly  of gasoline to  th e engine m ay be seriously dim in
ished, esp ecially  for tubes of less th a n  V s in. internal 
diam eter.

T h e adhesion of th e rubber to  th e can vas fabric 
m ust rem ain  good, and th e  “ n erv e”  of th e rubber 
m ust n ot be seriously  im paired when exam ined im 
m ediately  a fter th e gasoline treatm en t.

T h is te st for stren gth  of adhesion of rubber to  can vas, 
and for reten tion  of “ n erve”  of th e  rubber is open to 
the ob jection  of being too  vagu e, b u t it  w as n ot found 
expedien t to  incorporate stan dardized  tests  for these 
properties, and in a ctu al p ractice  no d ifficu lty  was 
ever experienced in ju d gin g  w hether or not a sam ple 
passed th e  test. T h is test is also a rough guide to  th e 
am ount of free sulfur present, crysta ls of sulfur being 
deposited from  a tu b e  contain ing an excessive am ount.

(3) P E R M E A B IL IT Y  TO G A S O L IN E — A  14 in. len gth  of 
the tu b e  is held v e rtic a lly  and plugged w ith  a glass 
stopper at th e  b otto m . A  glass tu b e  is fitted  to  the 
top, and is filled w ith  gasoline to  a head of 12 in. 
ab ove th e  top of th e  rubber tu b e, and th en  loosely 
stoppered. T h e len gth  of rubber tu b e  exposed to 
the action  of th e gasoline is 12 in. A t  first th e gasoline 
is absorbed co m p a ra tiv e ly  rap id ly  b y  th e  rubber. 
The level of the gasoline in th e  glass tub e should not 
be allow ed to  fa ll m ore th a n  3 in., additions of gasoline 
from  a know n volum e being m ade as necessary. T h e 
am ount of gasoline w hich perm eates through th e w alls 
of th e  rubber tu b e  is n oted  during th e first and second 
days, as a guide to  th e  b eh avior of th e  sam ple. D urin g 
the th ird  24 hrs., b y  w hich tim e th e  rate of perm eation  
has becom e a p p roxim ately  con stan t, th e am ount of 
gasoline passing th rough  th e  tu b e  should not exceed 
100 cc. per sq. ft . of original internal surface of th e 
rubber tub e.

(4) d r y  h e a t — A  piece of th e tu b e  is heated  for 
2 hrs. a t 13 2 0 C . T h e  rubber should rem ain  elastic  
after th is trea tm en t, and should show no signs of 
stickiness or brittleness, nor should a n y  surface cracks 
becom e visib le on stretch in g th e sam ple.

(5) c o l d — T h e tu b e is im m ersed in carbon dioxide 
snow, w hich w as foun d to  render all tubes b rittle  
while th e y  rem ained cold. T h e rubber regains its 
e lastic ity  on a tta in in g  room  tem peratu re again, and 
this te st w as, therefore, discontinued.

(6) b u r s t i n g  p r e s s u r e — T ests on bu rstin g pres
sures were carried ou t before and after th e  perm e
ab ility  test, b u t were sub seq uen tly  given  up, as it  
was found th a t th e q u a lity  of th e  tu b e  could be suffi
ciently  safeguarded b y  th e  other tests, and, m oreover, 
the pressure to  w hich th e  tu b e  is su b jected  in  actu al 
service is v e ry  slight.

(7) a c e t o n e  e x t r a c t ,  f r e e  s u l f u r ,  m i n e r a l  s u l 

f i d e s ,  a n d  s u l f u r  o f  v u l c a n i z a t i o n  are also de
term ined, and furnish useful in form ation  in  form ing 
a ju d gm en t as to  th e q u a lity  of th e  specim en under 
exam ination. T h e  free sulfur should n ot exceed 1 
per cen t of th e  w eigh t of th e  finished tu b e  (exclusive 
of the can vas). E xcessive  free su lfur w ill be carried 
b y  th e gasoline into the cylin ders of th e  engine where 
it m ay prom ote p itting.

(S) a s h — A  portion  of th e  rubber is incinerated  
v e ry  slow ly , and th e am ount and com position  of th e 
ash determ ined.

(9) q u a l i t y  o f  c a n v a s — T ests on th e q u a lity  and 
stren gth  of th e fa b ric  inserted  in th e  tu b e  were con
tem p lated , b u t it  w as found expedien t to  lea ve  to  th e 
ju d gm en t of th e m anufacturer the kind  of fa b ric  to 
be used, re ly in g  on th e tests  a lread y enum erated to 
control th e production  of a sa tisfa cto ry  tub in g.

W hen th e  exam ination  of rubber hose for use w ith  
gasoline w as com m enced, great d iv e rsity  in con
stru ction , com position  and b eh avior w as found. Some 
m akers appear to h a ve  believed  th a t vu lcan ized  rubber 
is essen tially  n on-resistant to  th e action  of gasoline, 
and therefore p u t as little  of it  in th e tu b es as possible. 
Som e tu b es y ield ed  as m uch as 75 percen t ash, while 
others gave less th a n  40 per cent. A s great a d ive rsity  
w as foun d in th e com position  of th e  ash. B arium  sul
fate, lead, zinc, calcium  and m agnesium  were foun d in a 
great v a r ie ty  of proportions, each m anufacturer care
fu lly  guardin g his own “ m ixings”  and considering 
them  of v ita l im portance for th e  production  of a satis
fa cto ry  tub e. Som e ty p ic a l figures of ash analyses 
are appended. T h e figures for to ta l ash are percentages 
of th e  finished tu b e, excludin g th e  can vas.
T a b l e  I — T o t a l  A s h  a n d  A s h  A n a l y s e s  o p  G a s o l i n e - R e s i s t a n t  R u b b e r

H o s e

T o t a l  A s h  P e r c e n t a g e s  o p  T o t a l  A s h  
D e s c r i p t i o n  o p  T u b e  P e r  cent BaSO« PbO  ZnO CaO M gO
French  N o. 1........... ..................... 51 26 10 26 10
French  No. 2 ........... ..................... 42 20 5 34 20
B ritish  1-A............... 43 3 4 21
B ritish  1-B ............... ..................... 73 44 35 4 4
B ritish  1-C ............... .............* ... 45 51 34 5 1 1
B ritish  1-D ............... ..................... 45 40 5 33 13
B ritish  2-A ............... 47 5 37
B ritish 2 -B ............... 10 18 27 26
B ritish  2 -C ............... 37 • >,-• i : ;v 4 34
B ritish  2 -D ............... ..................... 43 19 18 3 26 4
B ritish  2 -B ................ ..................... 39 27 5 46
B ritish  3-A ................ ..................... 68 36 34 5
B ritish  3 -B ............... ..................... 41 24 25 25
B ritish  4-A ............... 46 29 4 10
B ritish  4 -B ............... 72 7 12 1

28 6 7 31
B ritish 6 -A ............... ..................... 44 40 13 2 29
B ritish  7-A ................ ..................... 61 60 8 3

French No. 1 w as not a v e ry  good tu b e. T h e rubber 
w as som ew hat harsh. T h e  tu b e  failed  to  pass th e 
flex ib ility  te st, b u t w as sa tisfa cto ry  for p erm eab ility. 
T h e adhesion betw een  rubber and can vas a t th e end 
of th e  im m ersion test w as fa ir ly  good, b u t th e  tu b e 
contained as m uch as 3 pei; cen t free sulfur. T h e 
heat te s t caused ob vious deterioration  in th e  q u a lity  
of th e rubber. B ariu m  su lfate  and lim e are th e  chief 
m ineral ingredients.

French No. 2 w as inferior to  N o. 1. T h e rubber 
w as harsh, and its  b eh avior va ried  along th e len gth  
of th e consignm ent, in d icatin g probable uneven 
vu lcan ization . M echan ical defects, such as local 
p ittin g , were to  be seen. T h e  adhesion of rubb er to 
can vas a fter im m ersion appeared at first sight to  be 
v e ry  good, b u t th is was due rath er to  th e  ease w ith  
w hich th e  rubb er itse lf tore. L im e and m agnesia 
are th e  m ost prom inent m inerals, w ith  b arium  sulfate 
as a d iluent. R u b b er hose for use w ith  gasoline on 
French  aeroplanes is required to  contain  45 per cent 
m ineral m atter w ith  a m argin of ± 5  per cent, 50 per 
cen t rubber w ith  th e  sam e m argin, and to  h a ve  a 
d en sity  of 1.6 ( ± 0 .1 ) .



353 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 9, No. 4

British 1-A to i-D ,  though all from  th e  sam e m aker, 
show  w ide variation s in to ta l ash and in  th e com posi
tion of the ash. T h e b ad  featu re of both  i-A  and i-B  
was th e w eakness of th e adhesion betw een  rubber and 
can vas. Separation  of th e plies occurred sp ontan eously 
under gasoline. T h e  other properties of these tubes 
were satisfa cto ry . i- D  w as a good tub e.

British 2-A to 2-E , all m ade b y  one firm, show less 
va riatio n  in to ta l ash, b u t m uch variation  in th e  com 
position of th e ash. 2-A and 2-B represent respec
tiv e ly  outer and inner rubber layers of th e sam e tub e. 
T h e sam e applies to  2-C and 2-D. T h e  inner laye r  
of rubber proved  to  be of b etter q u a lity  for use w ith 
gasoline th a n  th e outer layer. T h e adhesion betw een 
rubber and can vas w as bad. T u b es 2-A and B showed 
high constriction  of th e bore. A ll of these tubes con
tain  a considerable q u a n tity  of lead, and 2-E is n otice
a b ly  high in m agnesia.

British j - A  and j - B — 3-A  show ed b ad  “ adhesion ;”
3-B v e ry  good adhesion, though th e rubber was rather 
" s h o r t”  a fter the im m ersion test.

British 4-A and 4-B— T h e p roduct of th is firm 
showed great va ria b ility  in bore-constriction, b u t the 
flex ib ility , p erm eab ility, adhesion after im m ersion test, 
and q u a lity  of rubber a fter im m ersion test were all good.

British 6-A  w as a good tube. British  7-A was too harsh.

A  large num ber of other tu b es were exam ined, b u t 
m ost of them  showed defects in one or more of the 
properties tested. Som e m anufacturers used a certain  
am ount of reclaim ed rubber or of rubber su b stitu te, 
bu t it  is believed th a t  th is is not*desirable as regards 
th e q u a lity  of th e  product, a lthough it  low ers the cost.

One firm m ade an excellent tu b e  b y  th e use of 45 
per cent P ara  rubber. T h e m ineral ingredients in 
th is tu b e were lead, calcium  and m agnesium . T h is 
tu b e w ithstood th e im m ersion test w ith  h a rd ly  a n y  
deterioration  in th e “ n erve”  of th e  rubber, and the 
adhesion betw een rubber and can vas w as scarcely  
affected. T h e bore constriction  after im m ersion test 
was less th a n  25 per cent on a 1A -in . tu b e, and all of 
the other tests ga v e  good.results.

I t  is p rob ab ly  undesirable to  use less th a n  40 per 
cen t rubber.

In  m any cases it was cu stom ary to  insert a spiral 
of brass or steel wire in th e bore of th e  tu b e so as to 
im prove its flexibility. T h is p ractice is un necessary 
if  th e w alls of th e  tu b e are m ade fa irly  th ick , and in 
th e case of th e  brass spiral constitutes a possible source 
for th e en try  of copper into  th e  rubber.

I t  w as found th a t  a decided im provem en t in som e 
of th e  properties of gasoline-resistant rubber hose 
could be ach ieved  b y  changing the m anner in w hich 
th e  can vas was inserted. T h e usual m ethod w as to 
friction  the can vas w ith  a v e ry  th in  layer of th e rubber 
m ixing, so th a t  in th e finished tu b e there were v ir tu a lly  
three plies, an inner laye r  of rubber, a m iddle layer 
of can vas, usually  from  2 to  4 turns according to  the 
size of th e tub e, and an outer laye r  of rubber. W hen 
a tu b e m ade in this m anner is su b jected  to  th e im m er
sion test th e  th ree layers expan d a t different rates, 
resulting often  in spontaneous separation. T h e  can vas 
layer expands h ard ly  a t all, and so th e  expansion of

th e inner laye r  of rubber is forced inw ards, w ith  conse
quent constriction  of the bore. A  b etter m ethod of 
construction  consists in spreading a definite lay e r  of 
rubber on th e can vas, so th a t  in th e finished tu b e the 
thickness of rubber b etw een  each tu rn  of th e can vas 
is a t  least tw ice  as th ick  as th e can vas itself. A  cross- 
section of a tu b e m ade in th is w a y  shows the can vas 
to  be distributed  as a spiral through th e w hole th ic k 
ness of th e  w all of th e  tub e. Such a tu b e shows im 
p roved  flexib ility  and b etter beh avior under th e  im 
mersion test, there being less ten d en cy  to  separation  
betw een rubber and can vas and a sm aller constriction  
of th e bore. F or tu b es up to  5/ 8 in. internal diam eter, 
tw o  turns of can vas are sufficient. B etw een  u /ia in. 
and i 1/« in., three tu rn s are desirable, and  for tubes 
larger th a n  i 1/i in. internal d iam eter 4 turns of can vas 
should be used. T h e larger sizes are used for oil or w ater.

T h e  inner layer of rubber on all tubes for carryin g 
gasoline should, of course, be seam less. A  seam  on 
the inner rubber w ould fa cilita te  penetration  of the 
gasoline to  the can vas, w hich w ould th en  fun ction  as 
a w ick for th e d istribution  of gasoline th rou gh ou t the 
w all of th e tube.

A  sa tisfa cto ry  m aterial for protectin g  a cut end of 
tu b in g  from  absorption  of gasoline m ay be m ade from  
a m ixture of ab ou t 4 parts gelatin  w ith  1 part glycerin , 
w ith  th e  addition, if desired, of a sm all q u a n tity  of 
form aldeh yde or potassium  bichrom ate. Such a solu
tion  m ight even  be run, w hile w arm , through th e w hole 
len gth  of the rubber tu b e, so as to  form  a p ro tective  
film  on th e  inner surface. R u b b er hose for gasoline 
is, how ever, now  being m ade in G reat B rita in  of a 
q u a lity  sufficien tly  good to need no p ro tective  film , 
and th ere is, m oreover, th e p o ssib ility  of portions o f 
such a film  becom ing d etached  and causing p artia l 
choking of th e  tu b e. W hen th e  hose is n ot to  be c u t 
th e  ends m ay be best p rotected  from  absorption  o f 
gasoline b y  being capped.

In  testin g  a  large consignm ent, a sam ple should 
be ta k en  from  a t least e v e ry  100 ft. in order to  guard 
against lack  of u n ifo rm ity  in q u ality , such as would 
be caused b y  un even  vu lcan izatio n  or v a ria b ility  
of th e  m ixing.

In  storin g gasoline-resistant rubber hose th e usual 
precautions should be tak en  for protection  from  strong 
light, and from  extrem es of tem perature. A s a m atter 
of sa fety  a tu b e should n ot be used w hich is more th a n  
6 m onths old.

T h e testin g  of rubb er hose for use w ith  oil or hot 
w ater on aeroplanes is less im portan t. R u b b er hose 
for use w ith  oil should w ith stan d  8 h rs.’ im m ersion 
in castor oil a t  100° C . w ith ou t serious in ju ry  to  tVe 
q u a lity  of th e rubber, and w ith ou t a n y  disintegration  
of th e tube. T h e  increase in  w eight a fter th o rou gh ly  
w iping off th e oil should be less th an  5 per cent. R ub b er 
hose for use w ith  h ot w ater should w ith stan d  boiling 
in w ater.

T h e w riter had th e  privilege of being associated  
w ith  M r. W . E . G ibbs and M r. N . W . B a rritt  in  c a rry 
ing out th e w ork described in th is and in  the fo llow in g 
paper.

H i g h l a n d  P a r k , L l a n s r c h , P e n n s y l v a n i a
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GLUE FOR USE ON AEROPLANES
B y P e r c y  A. H o u s e m a n 1 

R eceived Decem ber 18, 1916

T h ere are m any parts of an aeroplane th a t require 
the use of an adhesive m aterial. Of these m ay be 
m entioned “ airscrew s”  (the co llective  nam e for pro
pellers and tracto rs), hollow  spars, boom s, ribs, p ly 
wood, etc. F or som e of th e  sm all p arts, such as th e 
ribs, w hich are sub seq uen tly  covered b y  “ doped”  
fabric, it  is not necessary to  use th e b est q u a lity  of 
glue. F or other parts, how ever, it  is of v ita l im portance 
th a t on ly  th e  stron gest glue be used. T h is applies 
p a rticu la rly  to  airscrew s, w hich ro ta te  at a v e ry  high 
speed. A irscrew s are b u ilt up in lam inae of w aln ut 
or m ahogan y, u su ally  7 in num ber, and each 1 in. 
th ick . I t  is usual to  glue tw o lam in ae together, and 
allow th em  to  rem ain in clam ps for a period of from  
6 to  24 hrs. before gluing 011 th e n ext lam in a. T h e 
finished airscrew  is shaped ou t a fter th e to ta l num ber 
of layers h ave been glued togeth er and h ave been al
low ed to  set. T h e glue is applied  hot, and u su ally  
b y  a t least tw o  w orkm en, in order to  cover th e surface 
as q u ick ly  as possible. T h e tem peratu re of th e gluing 
room  is k ep t ab ove 70° F . I t  w ould, of course, be 
an econ om y to  glue at one operation all of th e lam inae 
of an airscrew , b u t th is is not possible when a cake 
glue is used, on accoun t of th e  ra p id ity  w ith  w hich 
th e hot solution  sets. A ttem p ts  h ave been m ade to  
overcom e th is d ifficu lty  b y  th e  use of “ liq u id ”  glues, 
b u t these h ave u su ally  proved  u n satisfactory. One 
French liquid  glue contained som e hygroscop ic m a
terial, and failed to  set in 14 days. “ L iq u id ”  glues 
should be used o n ly  on w ork in w hich great stren gth  
under w id ely  v a ry in g  conditions of tem peratu re and 
hu m id ity  is n ot of prim e im portance. B one glue 
should n ever be used on a ircra ft w ork. T h e best 
results are ob tain ed  from  skin  or hide glues.

In  w orking out a m ethod for th e  exam ination  of 
glue som e atten tion  w as g iven  to  such chem ical and 
ph ysical tests as m oisture, ash, n itrogen, stren gth  of 
je lly , v isco sity , percen tage precip itab le  b y  alcohol 
(Stellin g’s te s t) ,2 etc., b u t w hile th e  in fo rm ation  fu r
nished b y  these tests  w as of interest, it  w as n ot found 
possible to  correlate defin itely  th e results obtained, 
w ith th e va lu e  of the glue for aeroplane w ork.

A  m ethod w as therefore developed to  te s t th e  
strength of a glued jo in t under various conditions. 
E xperim ents w ere m ade w ith  blocks of biscuit-w are, 
as recom m ended b y  R id ea l in his book  on “ G lue and 
Glue T e stin g .”  M essrs. D oulton , of L ondon, k in d ly  
m ade th e n ecessary blocks, w hich had a base (ab) 
1 in. square, sim ilar in  design to  th a t show n in F ig . I.

T w o such b locks were glued togeth er under various 
conditions of stren gth  of glue solution, tem perature, 
m ethod of application, pressure of clam ping, etc. 
T h e b locks were pulled  a p art in a cem ent testin g  m a
chine w ith  a u tom atic  application  of th e  load , b u t as 
uniform  results could n ot be ob tained , th e  stone blocks 
were abandoned. M ore uniform  results were obtained

1 Form erly  Chief Exam iner, A eronautical Inspection  D epartm en t 
Laboratories, London, E ngland.

« Chem.-Ztg., 20, 461.

w ith w ood, w hich also has th e ad va n ta ge  of g iv in g  
results more n early  com parable w ith  those obtained 
under actu al service conditions. Pieces of carefu lly  
selected  straight-grained  w aln u t were used, and from  
them  a num ber of different ty p e s of jo in ts were pre
pared, and used to  illu strate  different kinds of stresses. 
T h e ty p e  of jo in t fin a lly  adopted  is th a t shown in F ig . II . 
T h is jo in t gives b y  no m eans a tru e shear, as was 
easily  seen b y  exam ining under polarized  lig h t a cellu
loid m odel m ade to  scale. A  stress m ore n early  ap
proach in g pure shear w ould p ro b ab ly  be obtained 
w ith  a jo in t like  th a t show n in F ig. I l l ,  m ade up from  
pieces 9 in. X  2 in. X  ’ A  in. b u t for th e  purpose of 
ob tainin g com p arative  results, th a t shown in Fig. 
II  answers well and has th e  a d va n ta ge  of sim plicity .

B L O C K S  ^ 1
AND 

JO IN T S
for

G L U E
r c s n  svg

F/a-I F/g-ZC Fig -VL

T h e w ood is exposed for 24 hrs. to a tem perature 
of 35 ° C . before m aking th e  jo in t. T h e te st pieces 
{A) are 9 in. X  2 in. X  3/s in. T hese w ere roughened 
b y  a too th ed  plane, as it  w as foun d th a t  a roughened 
surface gives a stronger jo in t th a n  a sm ooth one. T h e 
d istance pieces (B ) are 3 in. X  2 in. X  3/s in. T h e 
area of th e glued surface of th e  jo in t to  be pulled 
a p a rt is 4 sq. in. T o  prepare th e glue, it  is broken 
into sm all pieces and is soaked over n igh t in th e requi
site am ount of w ater. F or th e  gelatin e ty p e s of glue, 
1 p a rt b y  w eight of glue to  2 p arts b y  w eigh t of 
w ater gives a desirable concen tration, w hile for “ S co tch ”  
glues 1 p a rt of glue to  1.25 parts of w ater gives the 
best results. F or other ty p e s  of glue th e  w ater re
quired u su a lly  falls w ith in  these lim its. T h e  soaked 
glue is dissolved b y  w arm ing to  600 C ., and  th e  solu
tion  is applied a t th a t  tem perature. T h e  jo in ts 
are clam ped under m oderate pressure for 48 hrs., 
and are tested  a fter a further 24 hrs. F or each sam ple 
of glue, th e follow ing th ree tests, each in duplicate, 
are carried ou t on th e  jo in ts  prepared as described 
above.

( x )  r e g u l a r  t e s t — T h e jo in ts  are pulled a p a rt in 
a B u ck to n  and W icksteed  or in  a R ie h li (P hiladelph ia) 
T estin g  M achine and th e b reakin g strain  per sq. in. 
of glued surface is recorded. T h e experim ental v a r ia 
tion  is less th a n  =±= 10 per cen t, m ost of w hich m a y be 
ascribed to  u n avoid ab le  variation s in th e  wood.

(2) h e a t  t e s t — T h e jo in ts are su b jected  to  dry 
h eat in  an e lectrica lly  h eated  oven for 2 d ays a t 45 0 C ., 
and then  pulled ap art, and th e b reakin g stra in  re
corded.
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(3) i m m e r s i o n  t e s t — T h e jo in ts are com pletely  
im m ersed in w ater a t 200 C . for 12 hrs., and are then  
pulled ap art, and th e  breaking strain  recorded.

T ests (2) and (3) are inten ded to  throw  ligh t on 
th e b ehavior of an airscrew  under th e extrem e con
ditions of a trop ica l clim ate and high h u m id ity . T ests 
were also m ade w ith  m oist heat, and on im m ersion 
follow ed b y  d ry  heat, b u t were discontinued. T h e 
last nam ed te st w as foun d to  be too  drastic, all glues 
g iv in g v e ry  low  results.

T h e w hole procedure outlined above is an a rb itra ry  
one, and for this reason it  is necessary rig id ly  to 
stan dardize and adhere to the techn ique of th e m ethod, 
in order to ob tain  com parable results. W hen the 
b reak occurs in  th e w ood, as freq u en tly  happens in 
th e regular test, one can, of course, on ly  sa y  th a t  the 
glue is stronger th a n  th e w ood, and record th e figure 
at w hich th e wood breaks.

T a b l e  I — I n f l u e n c e  o p  A d d it io n  o p  P h e n o l  o r  C o n c e n t r a t e d

A m m o n ia  t o  G l u e  o n S t r e n g t h  o p G l u e d  J o in t

G l u e  T e s t s : R e g u l a r H e a t I m m e r s io n

G e la t in  A ..........................................................., 6 4 4  627 4 5 9 5 0 4
G e la t in  A  -f* 5 %  P h e n o l ........................
G e la t i n  A  -{- 1 0 %  P h e n o l ................... ..
" P r o p e l l e r ' ’ G l u e ..........................................
“ P r o p e l l e r ”  G lu e  +  5 %  P h e n o l-----
" P r o p e l l e r ”  G lu e  4* 1 0 % P h e n o l . . .

. 5 3 2 *  6 1 6 4 7 6 *  6 2 7 621

. 6 7 7 *  845 3 6 9 4 8 7 5 6 0 6 6 0

. 4 6 4  . . . 4 7 0 4 6 4 5 4 0 5 0 4

. 5 2 6  59 3 3 9 5 *  5 0 6 5 5 3 5 6 0

. 6 1 0  6 3 2 3 1 5 4 2 9 5 6 0 5 6 5
" S c o tc h ”  G l u e ............................................... . 5 4 8  571 4 4 8 4 7 0 4 4 8 4 7 0
“ S c o t c h ”  G lu e  +  5 %  P h e n o l ..........
" S c o tc h "  G lu e  4- 1 0 %  P h e n o l . . . . .

. 6 8 8 *  7 2 3 425 4 2 5 53 2 5 4 8

. 6 9 4  6 9 4 4 1 4 4 5 3 43 6 4 7 6
G e la t in  A ........................................................... 6 2 7  6 4 4 4 5 9 56 5 5 0 4 5 4 9
G e la t in  A  +  2 %  A m m o n ia ............... ..
" P r o p e l l e r ”  G l u e ..........................................
" P r o p e l l e r ”  G lu e  2 %  A m m o n ia .

, 6 1 0  65 5 6 1 6 6 8 8 8 0 0 875
. 4 6 4  . . 4 6 4 4 7 0 5 4 0 50 4
. 5 2 0  5 3 2 5 8 0 6 0 9 64 8 783

T he figures represent breaking stra in  in lbs. per sq. in. of glued surface 
of the standardized  jo in t. B reaks in th e  wood are  indicated  thus *.

A d d ition  of phenol to  th e glue im proves th e  regular 
test. T h e  influence on heat tests and on im m ersion 
tests is not m arked, b u t th e ten d en cy  is to  raise them  
sligh tly . T h e addition  of 5 per cen t phenol to  a 
1 : 2 gelatine solution, depressed th e  settin g  point of 
th a t solution from  abou t 26 to  18 0 C ., w hile 
10 per cent phenol caused the solution  to  be still 
viscous a t 5 0 C . T h e addition  of 5 per cen t phenol 
to  glue solutions to  be used on aeroplane w ork  is, 
therefore, to  be recom m ended, b oth  because of its 
ten d en cy to increase th e  stren gth  of th e  jo in t, and also 
on accoun t of its action  in  depressing th e settin g  point.

Am m onia causes th e glue to  set more rap id ly . 
I t  w as found to  h a ve  th e  un expected  effect of raisin g 
th e  figures for heat and im m ersion tests, w hile leavin g 
regular tests little  affected.

T h e Germ ans appear to  h ave used a casein glue on 
som e of their aircraft. A n  analysis of a Swiss glue 
of th is ty p e  showed its com position to  be a b ou t 66 
per cent casein and 23 per cent m ineral m atter. T h e 
la tter  w as com posed of soda, silica, lim e and alum ina. 
A b o u t 1 per cen t of petroleum  w as present in th e 
pow der. T h is casein glue is prepared for use b y  ru b 
bin g up w ith  cold w ater. I t  requires abou t 3 days 
for th e  jo in t to  set, b u t has th e  a d va n ta ge  th a t all 
the lam in ae of an  airscrew  can be glued togeth er a t 
once.

T h e  follow ing te st figures were obtained  on jo in ts 
m ade w ith  th e  Sw iss casein  glue:

R egular D ry  H e a t M oist H ea t Im m ersion
551 65 5  5 2 6  661 4 4 8  4 6 5  6 7 2  8 6 2

T h e im m ersion test is p a rticu la rly  high.

C asein  glues are v e ry  generally  used for cem enting 
togeth er th e “ veneers”  on ply-w ood w hich finds ex
tended use on th e  fuselage and other parts of th e 
aeroplane. One E nglish  firm  uses a m ixture of casein, 
lim e, and blood, w hich yields a cem ent v e ry  resistant 
to  w ater. A  th ree-p ly  board  m ade w ith  such a cem ent 
will w ith stan d  an im m ersion test in w ater a t 50° C. 
for 12 hours w ith ou t a n y  separation  of th e plies, though 
th e stren gth  of th is cem ent on a “ regu lar”  test is in
ferior to th a t  of a hide glue.

A n other firm  of p ly-w ood m anufacturers uses lim e 
and casein on ly, in  th e proportion  a p p roxim ately  of 
4 parts b y  w eight of lim e to  7 parts b y  w eight 
of casein. C asein  and borax form  a good m ixture, 
b u t are, of course, more expensive th an  casein and lim e. 
Casein  glues can not be k ep t more th an  a few  hours 
a fter m ixing w ith  w ater, so th a t a b atch  when m ixed 
m ust be com pletely  used, or th e residue w asted.

W hen a new glue is inten ded for use on airscrews, 
th e  tests described ab ove should be supplem ented b y  
a p ractica l te st of spinning a tria l airscrew  m ade w ith  
th e  new glue.

H ig h l a n d  P a r k , L l a n e r c h , P a .

A STUDY OF CERTAIN FERM ENTS WITH A VIEW  
TO  DETERM INING A M ETHOD FOR THE  

DIFFERENTIATION OF PASTEURIZED  
M ILK FROM  RAW MILK

I. REDUCTASES
B y  R ic h a r d  E d w in  L k b  a n d  M e l v in  G u y  M k i. i .o n  

R e c e iv e d  M a y  1, 1916 

IN T R O D U C T O R Y

T h e enthusiasm  and skill w ith  w hich m any of the 
problem s relatin g to  th e  d istribution, com position and 
action  of a class of substances know n as enzymes or 
ferments h ave been a tta ck ed  in recent years h ave 
contrib uted  m uch d a ta  of im portance to  th e biological 
chem ist and sanitarian.

Som e of these ferm ents are so w id ely  d istributed  
in liv in g  tissues of m em bers of b oth  th e anim al and 
vegetab le  kingdom s th a t it has been suggested  b y 
one w ell-know n in vestigator “ th a t th e  properties of 
these substances might almost be turned to account as 
a general chemical test for vital activity.”  W hile this 
m ay seem  like an exaggeration  of th eir significance 
and although th e precise rôle of these substances in 
th e life of th e cell has n ot y e t been determ ined, it 
is u n do u b ted ly  true th a t  th e y  are concerned in a 
great m any of the m ost im p o rta n t biochem ical p ro
cesses w ith  w hich we are fam iliar. A n d  furtherm ore, 
regardless of the fa ct th a t  v e ry  few , if an y, of these 
substances h ave been iso lated  in a pure con d itio n ,‘ th e y  
h ave, w ith ou t doubt, as h ave other com pounds, a 
definite chem ical com position; and th rou gh  th e exer
cise of definite chem ical affinities, th e y  are able to 
produce alterations in other com pounds.

H olding to  th is view , T ra u b e 2 form ulated  his th eo ry  
of ferm en tation, for exam ple, upon tw o d istin ct 
chem ical propositions: first, th a t th e ferm ents are defi-

1 I t  would probably  be m ore accurate  to  say  th a t  we do n o t know 
w hether a  specific enzym e has, or has n o t been prepared  in th e  pu re  sta te .

5 Théorie der Fermentwirkungen, Berlin, 1858; Ueber Aklivirung des 
Sauerslojfs., 15, 6 5 9 -6 7 5 .
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nite chem ical com pounds elaborated  from  p rotein .as a 
result of th e com bined action  of heat, w ater, and o x y 
gen, and are present not on ly  in the low er organism s b u t 
also in th e tissues of the higher form s, where th e y  are 
responsible for biochem ical processes; second, th a t 
the ferm ents are pow erful reducin g agents and oxygen  
carriers, capable, in th e  c a p a city  of chem ical go-be
tw eens {Verm itller), of effecting th e  tran sfer not only 
of free oxygen  to  easily  oxid izable substances, b u t 
also th e tran sfer of com bined oxygen  from  one com 
pound to another.

In  accordance w ith  th is th eory, he w as led  to  d ivide 
ferm ents into three classes:1

(a) Verwesuugsfermentef— those com bined loosely 
w ith  oxygen, form ing un stable com pounds w hich give 
up their oxygen  to  other substances less readily  oxidized.

(b) Reductionsfermente— those w hich com bine w ith  
th e oxygen  of w ater, th e  hydrogen  going to  effect the 
reduction  of som e passive b ody.

(c) Ilochsle Fdulnissferm ente— those which cause 
putrefaction s in w hich hydrogen  is set free.

A lth o u gh  th ere is n ot com plete agreem ent am ong 
investigators as to  th e exa ct m echanism  b y  w hich th e 
a lterations are effected, there is v e ry  general belief 
th a t th e y  act c a ta ly tica lly , and, therefore, p a rtak e  of 
the n ature of ferm en ts; th a t is, enzym es m ay be re
garded as organic cata ly sts .

As is well know n, th e y  are v e ry  unstable, being 
generally  destroyed  b y  an exposure to  a tem perature 
outside of re la tiv e ly  narrow  lim its; and inasm uch as 
th ey  h ave optim um , m axim um , and m inim um  tem pera
tures, and therm al death  points, th e y  resem ble m icro
organism s.

U su ally  action  ceases at o° C .; th e  optim um  for 
m ost ty p e s  lies betw een  30 and 50° C ., th e y  are soon 
destroyed at tem peratures ab ove 70° C ., and alm ost 
in stan tan eously  b y  boiling w ater. L ikew ise th ey  
are rem ark ab ly  sen sitive to  th e action  of m ineral 
acids such as H C 1 and various poisons3 such as H C N , 
SO,, H g C l2, C 2H 5N H 2 and CHCI3.

I t  is in  v irtu e, how ever, of these fa cts  which h ave 
been pointed out, viz., th e  wide distribution  of these 
enzym es in  th e anim al and vegetab le  kingdom s and 
their sensitiveness to  various ph ysical and  chem ical 
agents, th a t th e y  h a ve  becom e of great im portance to  
the b iological chem ist and sanitarian , as enabling them  
b y  m eans of specific tests for these en zym es to  form  
correct conclusions regardin g th e  character and con
dition of certain  foodstuffs; i . e., these tests h ave en
abled the chem ist to  sa y  w hether th e food is raw or 
has been heated.

A m ong th e  first of these en zym es to  be discovered 
and to  h ave its properties studied  is th e group now 
known as th e  oxidases. T h e y  are am ong th e m ost 
w idely d istributed  of all th e ferm en ts. These, to 
gether w ith  another group know n as th e  reductases,

1 K astle, B ull. 59, H ygienic L aborato ry .
5 T raube  in his la te r w ritings used th e  te rm  Oxydationsfermente as 

preferable to  the  term  V erwesungsferm ente. T h is  te rm  is em ployed to 
signify those ferm ents which possess the  power of tak ing  up free oxygen 
and carry ing  i t  to  o th e r passive substances, thereby  accom plishing th e  oxi
dation  of the  la tte r.

* F o r a  m ore com plete lis t sec a rtic le  by  H arris  an d  C reighton, J .  
Biol. Chem., 2 2  (1915), 535.

are of p articu lar interest to  us in  th e consideration  of 
th e problem  presented in  th is paper, ow ing to  th e pres
ence of th e form er (oxidases) in m ilk, and the prob
able bacterial origin of th e reductases.

F or a num ber of years it has been a m ost in terestin g 
question as to w hether these en zym e reactions could 
be m ade th e  basis of m ethods for d ifferen tiatin g old 
m ilk from  new m ilk, and pasteurized  m ilk from  raw  
m ilk. R egardless of th e con troversy  w hich has arisen, 
a num ber of investigators h a ve  proposed tests in w hich 
th e reactive  properties of these enzym es h ave been 
u tilized  w ith  a v iew  to  form ulatin g m ethods for 
ascertaining th e  “ sa n ita ry  condition ”  of m ilk. These 
in vestigation s seem  to  be en tirely  justified  when we 
recall the follow ing w ell-know n fa cts: ( i)  N orm al
fresh m ilk has th e prop erty  of decom posing hydrogen 
peroxide into  free oxygen  gas and w ater; (2) ord inary 
m ilk possesses th e power of decoloring, w ithin  cer
tain  lim its of tim e, various coloring substances b y  re
duction  or rem oval of oxygen. A lth o u gh  th e  exact 
n ature of these reactions and the source of th e substances 
in m ilk influencing them  h ave n ot been clearly  es
tablished, there is m uch evidence w hich indicates th a t 
th e y  are of an en zym ic nature.

I t  is scarcely  n ecessary to  point out th a t there is 
m uch u n certa in ty  a t th e  present tim e as to  th e ac
c u ra cy  and significance of these proposed tests. There 
is no question, how ever, as to  th e need of them .

Inasm uch as it  has often  becom e n ecessary to  pas
teurize m ilk to be sold to  th e public, because it  has 
not been produced under th e required sa n ita ry  con
ditions, th e need of a test w hich w ill q u ick ly  and easily  
show  w hether a g iven  sam ple of m ilk has been heated 
or not, is a t once obvious. In  th e effort to  m eet this 
w an t a considerable num ber of m ethods h ave been 
form ulated  in th e  last few  years. U n fortu n ately , 
m ost of those proposed are n ot characterized  b y  ex
actness or sim p licity . H ow ever, there seem  to  be a 
few  m ethods w hich h ave received n either th e use nor 
th e stu d y  to  w hich th e y  are ap p aren tly  en titled .

I t  was th is v iew  of th e  situ ation  w hich led the 
authors of th is paper to  th e exam ination  of various 
m ethods w hich h ave been proposed for the d ifferen tia
tin g  of raw  m ilk from  pasteurized  m ilk w ith  regard  to  
determ ining th eir re la tiv e  accu racy.

T h e  m ethods w hich h ave been proposed m ay be 
con ven ien tly  d ivid ed  into tw o m ain grou p s:1

(1) Methods based upon changes which the protein 
in  milk undergoes when the latter is heated.

(2) Methods based upon reactions influenced by the 
presence oj certain chemical ferm ents in  milk.

A n  exam ination  of th e literatu re dealing w ith  th is 
su b ject reveals the fa ct th a t  o n ly  those m ethods which 
are included in th e second group h ave proven  a t all 
satisfa cto ry . A n d  it  w ill be noted th a t  these are the 
m ethods w hich are based upon th e  action  exerted b y  
the presence of certain  enzym es.

In  this in vestig a tio n  we h a ve  been concerned w ith  
b u t three groups of these chem ical ferm en ts: (1)
a peroxidase, w hich causes h yd ro gen  peroxide to  react

1 B arthel, ' ‘M ilk  and  D airy  P ro d u c ts / ' p. 97.
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w ith certain  (oxidase) reagents,- th ereb y  producing 
change of colors; (2) a calalase, w hich decom poses 
hydrogen peroxide (w ith th e liberation  of oxygen) b u t 
is incapable of effecting th e oxidation  of oxidase re
agents b y  m eans of th e  peroxide; (3) the reductases, 

 ̂ which com bine w ith  th e oxygen  of th e  w ater, the
£ liberated  hydrogen  effecting th e reduction  of a passive

b od y like m ethylene blue w ith a tten d an t decoloration.

O w ing to  th e fa ct th a t th e peroxidases and catalases 
' are to  be ta k en  up in another paper, th e y  w ill n ot be 
considered further a t th is tim e as th is paper is con
cerned on ly  w ith  th e nature, source, and action  of 
th e en zym e which influences th e reactions upon which 
are based th e reductase m ethods.

R E D U C T A S E S  IN  R E L A T IO N  TO P R O B L E M

T h e reductases (Reductions/ermente) are u sually  
£ defined as those ferm ents w hich com bine w ith th e o x y 

gen of w ater, th e hydrogen  going to  effect th e red u c
tion  of a passive b od y like m ethylene blue.

T h e reductase test is based upon th e fa ct, first 
n oticed b y  D u cla u x ,1 th a t  ordinary norm al co w ’s 
m ilk has th e  pow er of con vertin g certain  coloring 
m atters, as indigo-carm ine, into the corresponding 
leuco-com pound b y  reduction. He also showed th a t 
this prop erty  of m ilk depends upon the m icroorganism s 
which it  contains.

N eisser and W echsberg2 proposed th e use of m ethyl- 
« ene blue as a reagen t for testin g  th e q u a lity  of m ilk.
~ H. S m idt,3 P. T h . M ü ller,4 and B arth el6 also w orked

on this m ethod and cam e to  th e conclusion th a t there 
existed a d istin ct parallel betw een the num ber of 
organism s in the m ilk and th e tim e required, under 
certain  conditions, for a solution  of m ethylene blue 
to  be decolorized. A ccordin g to  B arth el6 th e reductase 
test gives approxim ately  th e  relative  num ber of b ac
teria  in th e m ilk. V an  S lyk e7 seem s to  agree w ith 
th is as he m aintains th a t this reducin g p rop erty  a p 
pears to  depend upon th e presence of m icroorganism s 
in m ilk since the larger the num ber of bacteria , the 

o shorter th e tim e required to  produce decoloration.

T h ere seems to  be som e dispute, how ever, am ong 
other investigators as to  th e  exa ct origin of th e re
ductase. K on n in g,8 Seligm an,9 and G rim m er10 are of 
th e opinion th a t  the reductases are produced b y  
bacteria. H ow ever, Seligm an states th a t possibly 
som e reductases m ay exist as enzym es in  m ilk. R om er 
and Sam es11 are opposed to  th e  en zym e nature of re
ductase, and state  th a t it  is produced b y  th e  d estruc
tion  of th e cells of th e  m am m ary glands during m ilking, 
as th e first m ilkings h ave b u t slight reducing proper
ties and th e  last m ilkings are h igh ly  reducing.

Sam es12 is not only opposed to  th e  en zym e n ature of
6

1 Le L ait, "É tu d es  chim iques e t  m icrobiologiques," Paris, 1887.
* Analyst, 26 (1901), 148.
* M ünch. Med. Wochschr., 1900, No. 37.
< Hyg. Rundschau, 14 (1904), 1-137.
* Arch. Hyg., 56 (1906). 108.
1 Z. Nahr. Cenussm., 15 (1908), 385; "M ilk  and  D airy  P ro d u cts ,"  p. 128.
V ‘M odern  M ethods of T esting  M ilk and  M ilk P roducts ,"  p. 158.
* Milchvrirtschaft Zentr., 4, 156.
* Z. Hyg., 58, 1.

Milchwirlschafl Zentr., 6 , 243.
u Z . N ahr . Genussm., 20, 1.
1J Milchwirtschaft Zentr., 6 , 462.
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T able I
Sam  Degree Tim e to
ple Age of Decolorize Bacterial CouNT(a)
N o. H rs. A cidity M ethy lene Blue Pla in  Agar L . L. A gar

1 4 16.5 N o Decol. 90,000 30,000
24 27 10 M in. 10,000,000 7 ,000 ,000
48 82 7 M in. 450,000,000 300,000 ,000
72 93 12 M in. 10,000,000 8 ,000 ,000
96 100 25 M in. 4 ,000 ,000 2 ,000 ,000

120 105 50 M in.
2 4 16 N o Decol. 500,000 400,000

24 26 30 M in. 8 ,000 ,000 5 ,000 ,000
48 43 25 M in. 10,000,000 7 ,000 ,000
72 65 15 M in. 1 ,000,000 600,000
96 ...

120 85 50*Min*. * i ,óóó;óóó 1 ,ÓÓÓ!ÓÓÓ
3 8 19 N o Decol. 150,000

24 21 Several Hrs. 160,000 40,000
48 25 Several Hrs. 6 ,0 0 0 ,0 0 0 4 ,00 0 ,0 0 0
72
96 ’95 35 Min*. * 3 , ÓÓÓ * ÓÓÓ 2 ,ÓÓÓjÓÓÓ

120 103 45 M in. 1,000,000 800,000
4 3 15 N o  Decol. 20,000 10,000

24 21 28 M in. 80,000 50,000
48 ,
72 78 35 M in. 2 ,ÓÓÓIÓÓÓ 1 ,ÓÓÓ¡ÓÓÓ
96 87 55 M in. 2 ,000 ,000 1,000,000

120 95 75 M in. 100,000 60,000
5 4 18 4 Hrs. 200,000 100,000

24 22 1 H r. 400,000 150,000
48 76 25 M in. 1 ,000 ,000 700,000
72 87 30 M in. 800,000 300,000
96 92 30 M in. 220,000 75,000

120 97 35 M in. 180,000 50,000
6 8 19 * 5 Hrs. 20,000 15,000

24 20 4 Hrs. 160,000 40,000
48 72 10 M in. 4 ,000 ,000 750,000
72 88 18 M in. 800,000 100,000
96 99 60 M in. 600,000

120
S lightly

7 4 19 6 H rs. 20,000 10,000
24 22 2 H rs. 100,000,000 75 ,000,000
48 74 6 M in. 1,000,000 50,000
72 79 40 M in. 750,000 40,000
96

120 *97 30 M in .’ 5ÓÓ‘,ÓÓÓ ¿Ó*ÓÓÓ
8 4 16 N o Decol. 10,000 4,000

24 17 35 M in. 600,000 150,000
48 75 10 M in. 10,000,000 500,000
72
96 ’90 15 M in. 1 , óóó;óóó 4 0 0 ;000

120 96 12 M in. 1 ,000,000 500,000
9 4 15 150 M in. 10,000

24 18 90 M in. 100,000 " 40 ’, ÓÓÓ
48
72 '7 6 io M in .' 1 ,ÓÓÓ*ÓÓÓ ‘ 801ÓÓÓ
96 88 30 M in. 200,000 60,000

120 90 35 M in. 120,000 50,000
10 8

24
19 N o  Decol. 10,000

48 *59 *4 M*in.’ 1,350', ÓÓÓ 100,000
72 95 10 M in. 1 ,300,000 80,000
96 102 14 M in. 500,000 80,000

120 107 18 M in. 300,000 10,000
(a) "S ta n d a rd  M ethods” as form ulated by  the  A m erican Public H ealth  /

all bacterial counts.

Sam 
ple
No.
11

12

13

14

15

16

17

18

19

20

Age
Degree

of
Tim e to 

Decolorize B acterial Co unt (<i)
Hrs. Acidity M ethylene Blue P lain  A gar L . L . Agar

4 16 N o Decol. 15,000 4,000
24 16.5 Several Hrs. 20,000 10,000
48 43 8 M in. 5 ,000 ,000 2 ,000 ,000
72 '  95 15 M in. 370,000
96 97 20 M in. 350,000 300i 000

120 100 30 M in. 250,000 200,000
8 17 N o  Decol. 9 ,000 3,000

24 18 65 M in. 400,000 150,000
48 44 4 M in. 1,500,000 1,000 ,000
72 90 15 M in. 500,000 350,000
96 97 14 M in. 400,000 150,000

120
4 17 N o Decol. 15,000 6,000

24 20 40 M in. 90,000 10,000
48 64 10 M in. 8 ,000 ,000 3 ,000 ,000
72 84 18 M in. 2 ,000 ,000 1,000,000
96

120
8 17 N o  Decol. 13,000 1,700

24 18 25 M in. 1 ,500,000 30,000
48 61 4 M in. 5 ,000 ,000 60,000
72 90 30 M in. 1,500,000
96 93 60 M in. 50,000 ” 5 ’000

120 96 60 M in. 30,000
•8 15 Slightly, 3 Hrs. 8,000

24 19 P artly , 3 Hrs. 20,000 ” 3 ‘,0 0 0
48 72 10 M in. 900,000 50,000
72 83 • 70 M in. 350,000 70,000
96 93 75 M in. 150,000 10,000

120
4 19 P artly , 3 H rs. 8,000 1,000

24 22 25 M in. 20,000 3,000
48 86 20 M in. 100,000 20,000
72 96 30 M in. 20 ,000 16,000
96 ........

120 102 35 M in. * 10,000 ’3 ’,000
4 19.5 P artly , 3 Hrs. 10,000 1,000

24 23 20 M in. 100,000 3 ,500
48 86 18 M in. 130,000 70,000
72 96 15 M in. 100,000 55,000
96

120 ÍÓÓ 45 Min*. * * i o ‘,0 6 0 2,000
8 16 Slightly, 150 M in. 5 ,000

24 19 60 M in. 1 ,200,000 100,000
48 64 15 M in. 2 ,000 ,000 120,000
72
96 *89 40 M in. 400’,000 i 00',600

120 98 50 M in. 350,000 80.000
8 16.5 150 M in. 5,000

24 17 120 M in. 75,000 20,000
48 82 40 M in. 100,000 25,000
72 ...
96 95 60 M in. ’¿ 6 ;¿0 0 *50 ’,6 6 0

120 103 60 M in. 30,000 10,000
4 17 Slightly, 3 Hrs. 30,000 8,000

24 33 15 M in. 400,000 40,000
48
72 ióó 15 M in. i 40 ',606 ’2 0 !000
96 107 30 M in. 100,000 10,000

120 98 60 M in. 20,000
n for th e  bacterial exam ination of milk were em ployed in m aking

reductase b u t insists th a t Seligm an ’s assum ption th a t 
th e reduction  is due to  b acteria  is too far-reaching. 
S alus1 believes th a t reductase is a product of cell 
tran sform ation. O ppenheim er2 is of th e opinion th a t 
th e 'red u ctase  is in no w a y  related  to  th e b acteria  and 
th a t it  is' m erely difficult to distinguish from  bacterial 
reductases.

H ow ever, on the basis of th e probable bacteria l 
origin of reductase, there h ave been tw o tests proposed 
for its detection:

(1) Schardinger’s M . Reductase Test,3 w hich is 
carried out b y  adding 1 cc. of S ch ardin ger’s reagent 
M . (viz., 3 cc. of a satu rated  alcoholic solution  of 
m ethylene blue and 195 cc. of w ater) to  20 cc. of m ilk 
in a te st tu b e and placin g it  in a w ater b ath  at 45 to 
50° C . W ith  th is reagen t a num ber of hours is re
quired to  produce decoloration.

(2) Schardinger’s F. M . Reductase Test,* w hich is 
carried ou t b y  addin g 1 cc. of Sch ardin ger’s F. M .

‘ Arch. H yg.. 7 5 , 371.
1 Arb. Kgl. In st. Experim . Tlierap. tu  Frankfort a /M ,  1 9 0 8 , 75.
* Z . N ahr. Cenussm., 2 (1906), 377.
* T h is  J o u r n a l , 5  (1913), 922-927.

reagen t (viz., 5 cc. of a satu rated  alcoholic solution 
of m ethylene blue, 5 cc. of 40 per cen t form aldehyde, 
and 190 cc. of w ater) to  20 cc. of m ilk in  a test tube, 
placing it  in a w ater b a th  a t 45 to  50° C ., and covering 
th e contents of the tu b e w ith  a la y e r  of liquid  petroleum  
to  p reven t th e  access of air. T h e form aldeh yde serves 
to produce an acceleration  in th e  tim e of reduction. 
L yth g o e 1 states th a t raw  m ilk w ill decolor th is re
agen t in less th a n  20 min. and pasteurized  m ilk will 
ta k e  a longer tim e.

T h e  reaction  depends upon the supposed presence 
of a specific en zym e in m ilk called  a ldehyde-reductase, 
w hich is more or less q u ick ly  destroyed  a t a te m p era 
tu re  above 700 C .; when in m ilk h eated  ab ove 800 C ., 
its destruction  is com plete.2 B a rth e l3 states th a t th e  
en zym e is destroyed  more or less q u ick ly  a t tem p era
tures above 70° C .; and th a t  m ilk heated  to  8o° C . 
does not discharge th e  color a t all; or m ilk h eated  to  
7 3 0 C . for a few  m inutes or pasteurized  for 15 m inutes 
at 70° C ., discharges th e color in  30 m inutes.

1 T h i s  J o u r n a l ,  5  (1913), 922-927.
* V an Slyke, “ M odern M ethods of T esting  M ilk  and  M ilk P roducts ,” 

p. 163.
* "M ilk  and  D airy  P roducts ,"  p. 128.
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B y  m eans of these reagents it  is possible, according 
to  L y th g o e ,1 to  get a good idea of th e  tem p eratu re to  
w hich th e m ilk has been heated , and also how  long it  
has been heated, since heatin g th e  m ilk d estroys th e 
en zym e. T h u s, he m aintains, th is m ethod affords 
a v e ry  good m eans of d istinguishing betw een raw  and 
pasteurized  m ilk.

A s stated  previously , there seem s to  be a difference 
of opinion as to  th e origin of th e  reductase; likew ise 
in vestigators are far from  a n y  agreem ent regarding 
a n y  relationship  which m ay exist betw een th e tim e of 
m ethylene blue reduction  and th e num ber of b acteria  
present. A n gelic i2 states th a t  th ere is ab so lu tely  
no parallelism  betw een  th e tw o. F re d ,3 how ever, holds 
to  th e  v iew  th a t  m ost, b u t n ot all, m ilk b acteria  reduce 
m ethylene blue; and th a t m ilk reducing m ethylene blue 
in from  15 m inutes to  an hour contains from  15 to  50 
m illions of b acteria  per cc., and m ilk requiring 7 hours 
or more contains less th a n  one m illion b acteria  
per cc.

B arth e l4 states th a t fresh m ilk con tain in g 10,000 b a c 
teria  per cc. decolorized th e m ethylene blue solution  in 
11 hrs.; and th e sam e m ilk four d ays old containing 
17 m illions of b acteria  per cc. decolored th e solution  
in  14 min. He fu rth er6 m aintains th a t  when th e  re
duction  ta k es  place in less th a n  one hour,-the m ilk has 
more th a n  10 m illion b acteria  per cc., and w hen th e 
tim e required  is from  1 to  3 hrs., th e  num ber of b acteria  
present is from  4 to  10 m illions per cc. A s a conclu
sion he asserts th a t  when th e reduction  requires less

1 T h is  J o u r n a l , 5  (1 9 1 3 ), 9 2 2 -9 2 7 .
* C lin . V at., 34, 3 8 8 .
* C tn tr . B a k t. P a ra siten k., I I  A b t.,  3 5 ,  4 9 1 .
* Z . N ahr. G enussm ., 1 5 , 3 8 5 .
' I b i d . ,  2 1 , 5 1 3 .
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th an  i hour,' th e m ilk is bacterially«too im pure for food; 
and th a t good com m ercial m ilk should require n ot less 
th a n  3 hours for decoloration.

As a result of th e foregoing discussion, therefore, 
we m ay conclude th a t there exists a considerable 
difference of opinion: ( i)  as to  w hether th e reductase 
is of b acteria l origin or of anim al m etabolism ; and 
(2) as to th e relationship  existin g betw een  th e tim e of 
m ethylene blue reduction  and th e num ber of b acteria  
present.

E X P E R IM E N T A L

T h e follow ing exp erim ental w ork w as carried on 
w ith  a view  to  determ in ing b y  m eans of th e  Schar- 
dinger F. M . test:

1— T h e relationship  existin g betw een  the num ber 
of b acteria  and th e tim e required  to  decolorize the 
m ethylene blue solution.

2— T h e influence of tim e and tem peratu re of p as
teu rization  on m ilk in its relation  to  Sch ardin ger’s 
reagen t, F . M .

R E L A T IO N S H IP  B E T W E E N  N U M B E R  OF B A C T E R IA  AND

T IM E  R E Q U IR E D  TO D E C O L O R IZ E  M E T H Y L E N E  B L U E

T w e n ty  sam ples of m ilk were tested  as follow s: 
(1) th e a cid ity  w as determ ined b y  titra tio n  w ith  N / i o  
N aO H , 0.1 cc. of th e  solution  being eq u iva len t to  i °  
of a cid ity ; (2) th e tim e required to  decolor m ethylene 
blue solution  w as observed; (3) b acteria l counts were 
m ade a t th e tim e of each test b o th  on plain  agar and 
on lactose litm us agar. E ach  sam ple w as tested  d a ily  
for a period of five days, during w hich tim e th e m ilk 
was allow ed to  rem ain  a t th e tem peratu re of th e la b 
o rato ry . T h e results of th is w ork appear in T a b le  I.

T h e  fu ll significance of this d a ta  becom es m ore easily
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apparen t when it  is presented grap h ically . In  F igs. 1 
to s, graphs h ave been draw n of 5 of th e represen tative 
sam ples of th e ab ove series, using sep arate  curves 
to  show th e  increase in degrees of a cid ity , th e tim e 
of decoloration  of m ethylene blue, th e  p lain  agar b a c 
terial count, and th e  lactose litm u s agar b acteria l 
count. T h e  d o tted  portion  of th e  curves indicates 
th e  p robable course coverin g th e  period during w hich 
no tests were m ade, as, for exam ple, on Sundays.

T h e age of th e  m ilk in hours is p lo tted  as abscissas. 
There are th ree sets of ordinates: first, th e colum n on 
the le ft b y  w hich b oth  th e  p lain  agar and the lactose 
litm us agar counts are p lo tted ; second, th e m iddle 
colum n expressed in m inutes, b y  w hich th e tim e of de
coloration  is p lo tted ; and th ird , th e colum n on th e righ t 
expressed in degrees, b y  w hich th e degree of a cid ity  is 
p lotted. T h is gives four curves for each sam ple.

From  th e d a ta  presented in th e preceding ta b le  
and b y  m eans of graphs th e fo llow ing conclusions h ave 
been form ulated:

(1) A n  increase of a cid ity  occurs w ith  increase of age. 
In th e  periods exam ined th is increase w as greatest in 
the m a jo rity  of cases in th e  period betw een  24 and 48 hrs.

(2) N orm al fresh m ilk of good q u a lity  does n ot re
duce S ch ardin ger’s F . M . reagen t in  less th a n  20 
min.— -the shortest tim e observed being m uch longer. 
W hen th e  decoloration  w as effected  in 10 min. or less 
tim e, th e  m ilk w as foun d to  contain  a t lea st 1,000,000 
m icroorganism s per cc.

(3) Up to  a certain  point an increase in th e num ber 
of b acteria  in  a given sample is accom pan ied  b y  a corre
sponding decrease in  th e  tim e required  b y  it  to  de
color th e reagent. A t  th is p o in t th e  m axim um  b a c 
terial count and th e  m inim um  tim e required  for de
coloration  coincide.

T h is  relationship  seem s to  point to  th e conclusion 
th a t th e red u ctase is of b acteria l origin. T h e tables 
will show, how ever, if d a ta  for different sam ples are 
com pared, th a t no absolute parallelism  exists betw een 
the tim e required for decoloring th e  reagen t and th e 
number of b acteria  present. T h is is in agreem ent w ith  
results ob tain ed  b y  A n ge lic i.1

(4) A s th e a c id ity  increases b eyon d  th is po int of 
coincidence th e num ber of b acteria  decreases and th e 
tim e required for decoloration  increases.

(5) T h e final decrease in th e  num ber of b acteria  and 
the increase in th e  tim e of decoloration  are p ro b ab ly  
due to  th e  production  of acid  b y  acid-form ing b a c 
teria, th e  acid  th us produced p ro b ab ly  ten d in g to re
m ove th e  effect produced b y  th e  a ldehyde-reductase 
and to  m ake th e m edium  unfit for th e  fu rth er grow th  
of certain  bacteria .

T h e foregoing conclusions are in accord w ith  th e 
d ata  obtained  in th is la b o ra to ry  over tw o  years ago 
b y  F . W . F a b ia n 2 w orkin g on a sim ilar problem .

In th is connection  it  is noted th a t it  is a m atter of 
record th a t L y th g o e 3 found th a t  norm al fresh m ilk 
reduced Sch ardin ger’s F . M . reagen t in  less th an  20 
min. T h e  authors are unable a t th is tim e to  accoun t

1 Clin. Vol., 34, 388.
* W orking in th is labo ra to ry  in 1912 in collaboration w ith th e  senior 

au thor.
» T h is  J o u r n a l , 5  (1 9 1 3 ), 9 2 2 - 9 2 7 .

for th is  d iscrep an cy in th e tim e elem ent, unless it
can be a ttr ib u te d  to  a difference in th e  stan dard  of
m ilk w hich is to  b e regarded as “ n orm al.”
r .T a b le  I I  is q uoted  from  th e  report of M r. F a b ia n ’s
w ork to  w hich reference has ju s t been m ade.

T a b le  I I  (.Results by M r. Fabian)
Sam ple M inu tes R equired  to  B acterial C ount

No. Decolorize M .-B lue on P lain A gar
1 0 .................................... 3 17,000,000
1 7 .................................... 3 35 ,000 ,000

 5 ...................................  6 12 ,000,000
1 4 .................................... 7 .5  44 ,000 ,000
1 1.................................... 9 1 ,900,000
 2 ...................................  13 810,000
1.................................... 14 720,000

1 2 .................................... 15 370,000
4 .................................... 15 600,000
 3 ...................................  17 560,000
 6 .................................... 19 300,000

1 3 .................................... 20 300,000
 8 ...................................  27 220,000
 9 .................................... 34 490,000

1 5 .................................... 32 360,000
1 9 .................................... 37 300,000
2 0 .................................... 42 240,000
1 6 ...................................  45 300,000
18...................................  59 120,000
1 7 .................................... 95 55,000
25   120 80,000
2 2 ...................................  150 110,000
2 4 ...................................  155 90,000
2 3 .................................... 180 40 ,000
2  1...................................  184 20,000

T w en ty -fiv e  different sam ples of raw  m ilk were 
tested  w ith  S ch ardin ger’s reagen t, F . M . A  b acteria l 
count w as also m ade of each sam ple.

E F F E C T  O F T IM E  AN D  T E M P E R A T U R E  OF P A S T E U R IZ A 

T IO N  ON M IL K  IN  IT S  R E L A T IO N  TO SC H A R 

D IN G E R ’S R E A G E N T

Four sep arate portions of each of th ree different 
sam ples of m ilk were h eated  grad u ally— a rise of 2° C . 
per min.— in a w ater b ath  to  60, 65, 70 and 7 5 0 C ., 
and th en  m ain tained a t these resp ective  tem peratures 
for 30 m in. P ortions were rem oved ev ery  10 min. 
and tested  w ith  th e  reagent. B acteria l counts were 
m ade of each sam ple tested  a t th e various in tervals  
of tim e. M ilk  10 hrs. old w as used, as fresh m ilk 
4 hrs. old produced no decoloration  of th e  reagen t. 
T h e results obtained are g iven  in T a b le  II I .

T a b l e  I I I
Sam - P a s t e u r i z a t i o n  Tim e R equired B a c t e r i a l  C o u n t

pie T em p. Tim e to  Decolorize o n  A g a r

N o. 0 C .  M in. M in. P la in  L . L.
1 . 6 0  0 30 40 ,000 12,000

10 70 12,000 6 ,500
20 95 6 ,000  3 ,500
30 150 2 ,000  1,200

65 0 60 40 ,000 11,000
10 100 10,000 4 ,000
20 120 400 N one
30 160 200 N one

70 0 65 35 ,000 11,000
10 N o decolor. 200 N one
20 N o decolor. N one N one
30 N o decolor. N one N one

75 0 65 36 ,000 10,000
10 N o decolor. 300 N one
20 N o decolor. N one N one
30 N o decolor. N one N one

2 60 0 28 70 ,000 25 ,000
10 65 19,000 9 ,000
20 87 8 ,000  5 ,000
30 135 4 ,000  3 ,000

65 0 55 65 ,000 31 ,000
10 90 15,000 8,000
20  120 1 ,0 0 0  200
30 155 300 N one

70 0 56 44 ,000 23 ,000
10 N o decolor. 700 35
20 N o decolor. N one N one
30 N o decolor. N one N one

75 0 55 30 ,000 18,000
10 N o decolor. 200 N one
20 N o decolor. N one N one
30 N o decolor. N one N one

 3 .................  75 0 48 35 ,000 21 ,000
10 N o  decolor. 150 N one

T hese d a ta  in d icate  th a t  b o th  th e  tem peratu re and 
th e duration  of th e  p asteu rization  process affect m ilk
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w ith  reference to th e tim e required b y  the la tter  to  
decolorize m ethylene blue. In general, as either factor 
is increased th e tim e required for decoloration  is in 
creased. F urtherm ore, th e authors found as th e  re
su lt of a larger num ber of tests th a n  are recorded here 
th a t m ilk heated  to  a tem peratu re of 70° C . for 10 
min. failed  to  decolor th e  reagen t in several hours. 
In th is la tter  respect th e beh avior of sam ples of m ilk 
pasteurized under th e stated  conditions was iden tical 
w ith  th a t  of fresh ly  draw n m ilk of good grade.

M r. F ab ian  found th a t  m ilk pasteurized  at 8o° C. 
for 1 min. b eh aved  tow ards th e reagen t in th e sam e 
m anner as m ilk pasteurized  a t 7 5 0 C . for 3 min. or 
a t 700 C . for 10 m in., and th a t  in no case w as th e re
agen t decolored in several hours. T ab le  IV  is quoted 
from  M r. F a b ia n ’s report. Sam p les'o f raw  m ilk, eight 
hours old, were used in m akin g th e tests indicated.

T a u u :  IV  (.R/sulls by M r. Fabian)

Tem p. (° C.) of D ura tion  of
M inutes R equired ' 

to  Decolorize
Pasteurization Pasteurization D uplicates

60 20 20 19
60 15 16 18
60 10 13 17
60 5 7 10
60 * 0 3 7
70 20 + +

10 4* +
5 40 42
0 3 4

75 10 + +
5 + +
0 4 4

80 5 + +
3 +
2 + +
1 + +
0 3 7

*f Signifies th a t  no decolorization occurred in several hours.

F U R T H E R  É V ID E N C E  AS TO T H E  O R IG IN  OF R E D U C T A S E

W ith  a view  to  obtainin g more evidence in regard 
to th e  origin of reductase in m ilk, 5 sam ples of th e 
la tter  were pasteurized  at 70° C . for 10 min. and then  
set aside. T h e sam ples, in th e  usual paper-disk- 
covered b ottles, were allow ed to  " a g e ”  a t th e usual 
lab o rato ry  tem peratures. T h e y  were tested  a t in ter
va ls of 24 hrs. w ith  th e  Schardinger reagent and b a c 
teria l counts made.

T h e d a ta  obtained b y  testin g th e  first tw o sam ples 
are presented grap h ically  in  F ig. 6.

T a b l e  V
B a c t e r i a l  C o u n t

Age Acidity T im e to ON A g a r
No. Hrs. Degrees Decolorize P lain h . L.

1 8 20 N o decol. 500 300
24 20.5 N o decol. 5 ,000
48 72 8 min. 2 ,000 ,000 1 ,200,000
72 95 15 min. 1,000,000 400,000
96 100 18 m |n. 40 ,000 20,000

120 106 60 min. 30,000 10,000
2 4 17 N o decol. 2 ,500 500

24 17 N o decol. 100,000 5,000
48 78 10 min. 150,000 100,000
72 95 12 min. 200,000 125,000

3 4 16 N o decol. 1,000 300
24 18 N o decol. 10,000 4,000
48 76 25 min. 100,000 30,000
72 93 30 min. 60,000 25,000

4 4 19 N o decol. 800 450
24 20 N o decol. 11,400 4 ,500
48 74 14 min. 700,000 250,000
72 98 16 min. 500,000 250,000

5 4 20 N o decol. 400 300
24 23 N o decol. 8 ,000 5,000
48 76 8 min. 1 ,000,000 800,000
72 96 12 min. 800,000 300,000

T h e experim ents reported in T a b le  V  yield ed  results 
w hich in d icate th a t m ilk pasteurized  a t 70° C . for 
10 min. w ill n ot decolor m ethylene blue solution at 
th e  exp iration  of 24 hrs. b u t w ill a fter being allow ed 
to  stan d  for 48 hrs. T h is points to  th e conclusion

th a t reductase is n ot on ly  destroyed  b y  th e p asteu riza
tion  process b u t th a t  it  is of b acteria l origin, th e pre
sum ption  being th a t  no decoloration  of th e reagen t 
takes place un til th e b acteria  h a ve  again  m ultiplied  
sufficiently.

M r. F ab ian  in his w ork for a sim ilar purpose col
lected  a num ber of sam ples of raw  m ilk and after m aking 
th e b acteria l cou n t of each su b jected  them  to  a sim ilar 
set of tests, w ith  the results g iven  in T a b le  V I.

T a b l e  V I (Results by M r. Fabian)
B a c t e r i a l  C o u n t

Age Tim e R equired
No. Hrs. to  Decolorize

1...... Several hrs.
24 Several hrs.
48 92 min.
72 17 min.
96 2 min.

120 4 min.
2 .......... Several hrs.

24 Several hrs.
48 70 min.
72 6 min.
96 3 min.

120 6 min.
3 ____ Several hrs.

24 Several hrs.
48 35 min.
72 6 min.
92 7 min.

120 8 min.
4 .......... Several hrs.

24 Several hrs.
48 10 min.
72 6 min.
96 9 min.

o n  A g a r  
Plain 

300,000
L. L. 
110,000

220,000 110,000

310,000

7,ÓÓÓjÓ00

100,000

3o4;óóó;óoo

150,000 200,000

T h e conclusions to  be m ade here are o b vio u sly  th e 
sam e as those form ulated  in th e precedin g paragraph.

E F F E C T  O F T H E  P R E S E N C E  O F FO R M A L D E H Y D E  ON 

M IL K  W IT H  R E F E R E N C E  TO T H E  T IM E  R E Q U IR E D  TO 

D E C O L O R IZ E  M E T H Y L E N E  B L U E

T h e fo llow ing w ork w as u n dertaken  in order to as
certain  if a so-called “ p rese rv ative”  like form aldeh yde 
influences th e action  of m ilk in its relation  to  th e S ch ar
dinger reagen t. F iv e  different sam ples of m ilk, each 
8 hours old, were exam ined as follow s: E ach  sam ple
w as tested  as regards its a cid ity , tim e required to  de
color the reagent, and b acteria l cou n t; th en  each sam ple 
w as trea ted  w ith  form aldeh yde (0.5 ce. per p in t of 
m ilk) and th e enum erated tests repeated a t in tervals 
of 24 hours. T h e results are given  in T a b le  V II .

T a d l b  V II
B a c t e r i a l  C o u n t

Age Acidity Tim e to o n  A g a r

No. Hrs. Degrees Decolorize P lain L .  L .
1 8 20 N o decolorization 20,000 10,000

24 20.5 Slight, 3 hrs. 200 100
48 21 Slight, 3 hrs. 3 ,000 700
72 22 N o decolorization 5,000 800
96 23 N o decolorization 3,000 28

120 23 N o decolorization 3,000 N one
2 8 19 N o decolorization 5,000 1,500

24 19 Slight, 2 hrs. 1,000 35
72 20 Slight, 5 hrs. 1,200 N one
96 21 N o decolorization

120 21 N o decolorization ’ * ióo N one
3 8 17 N o decolorization 15,000 7,000

24 19 Slight, 5 hrs. 8 ,000 1,100
72 20 N o decolorization 3,000 600
96 22 N o decolorization 1,300 45

120 22 N o decolorization 1,400 N one
4 8 20 Slight, 3 hrs. 40,000 17,000

24 23 Slight, 7 hrs. 3 ,000 450
48 23.5 N o decolorization 3,000 250
72 23.5 N o decolorization 1,800 40
96 24 N o decolorization 2,000 N one

5 8 16.5 S light, 4 hrs. 27,000 6,500
24 18 Slight, 4 hrs. 4 ,000 600
48 19 N o decolorization 5,500 375
72 21 N o decolorization 6,000 80
96 21 N o decolorization 4,800 N one

C O N C L U S IO N S

T h e relationships in d icated , if n ot proved, b y  th is
rath er lim ited  series of experim ents are extrem ely  
interestin g. F or exam ple:
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(1) T h e  germ icidal properties of form ald eh yd e in 
relatio n  to  m icroorganism s foun d in m ilk are show n 
in  a general w ay.

(2) Unless it  be proven th a t reductase is form ed 
■within th e  m ilk b y  pu rely  chem ical changes, th is 
series, considered in  relation  to  th e foregoing series of 
tests, points to  th e  conclusion th a t red u ctase is of 
b acteria l origin, as th e  tim e required  for decoloring 
th e  reagen t w as n ot reduced b y  allow ing th e m ilk 
to  “ a g e ,”  ow ing presu m ab ly  to  th e fa c t th a t  b acteria l 
grow th  in th e sam ples of m ilk w as in h ib ited  b y  th e 
form aldehyde.

(3) T h e  p artial decoloration  w hich occurred at first 
was p rob ab ly  effected  b y  th e  reductase present in th e 
m ilk  before th e  form ald eh yd e w as added. T h e  final 
loss of pow er of these sam e sam ples to effect th e sam e 
reaction  suggests th a t  th e  form aldeh yde m a y in teract 
w ith  th e  red u ctase or cou n teract its  influence in som e 
w ay. T h e  fa c t th a t b oth  of these substances are 
stron g reducin g agents does n ot ten d  to  render th e 
problem  more easy  of solution.

Since th e  com pletion  of th is w ork th e report of 
th e in v estig a tio n  of H arris and C re ig h to n 1 on th e 
influence of certain  poisons on reductase has appeared. 
A lth ough  th e list of poisons reported  b y  th em  as either 
d estroyin g th e  red u ctase or retard in g its  action  does 
not include form aldeh yde, th e la tte r  m ay a ct in a 
sim ilar m anner. T his, how ever, w ill be a m atter for 
fu tu re in vestigation .

G E N E R A L  SU M M A RY

I— A , b rief outline has been m ade of th e classifica
tion, d istribution  and reactions of certain  enzym es; 
the p o ssib ility  of m aking th eir sensitiveness to  various 
ph ysical and chem ical agen ts th e  basis of m ethods for 
determ ining th e  sa n ita ry  condition  of certain  food
stuffs has been considered.

II— A  su rve y  has been m ade of th e  w ork done con
cerning th e source, n atu re and action  o f reductase in 
its relation  to  certain  m ethods w hich h a ve  been pro
posed for th e  d ifferen tiation  of pasteurized  m ilk from  
raw m ilk.

I I I— T h e experim ental in v estigation  u n dertaken  b y  
th e authors of this paper has been described. As 
the result of th is w ork certain  conclusions h a ve  been 
form ulated. T h e y  are as follow s:

(x) M eth ylen e blue as it  occurs in Sch ardin ger’s 
reagent, F . M ., is n ot decolored b y:

(а) N orm al fresh m ilk in  less th an  20 min. W hen 
decoloration  w as effected in 10 m inutes or less tim e th e 
milk was found to  contain  1,000,000 or m ore, m icro
organism s' per cc.

(б) M ilk  p asteurized  a t 70° C . for 10 min. unless 
approxim ately  48 hrs. h a ve  elapsed since th e m ilk was 
pasteurized; or un til the b acteria  h ave had tim e to 
m ultip ly  sufficien tly.

(e) Old m ilk in w hich th e  “ p rese rv a tiv e ,”  form ald e
hyde, has in h ib ited  th e grow th  of bacteria .

(2) Sch ardin ger’s reagen t, F . M ., is as a rule de-

1 H arris and  C reighton, J .  Biol. Chem.t 22 (1915), 535.

colored b y  norm al m ilk allow ed to  “ a ge”  under 
ord in ary  conditions of tem peratu re for 24 to  48 hrs.

(3) P asteu rization  increases th e tim e required for 
th e  decoloration  of th e reagent.

(4) In  general, no p rop ortion ality  exists betw een  
th e  tim e required for th e  decoloration  of th e reagen t and 
the num ber of b acteria  in m ilk. In  a g iven  sam ple, 
how ever, a general relation  seems to  exist betw een  th e 
tw o up to  a g iven  p o in t of a cid ity .

(5) Inasm uch as th ere is no absolute parallelism  
betw een number of b acteria  present in m ilk and th e  
time required to  decolor the reagen t b u t th a t  th e  re
lationsh ip  seems to  exist in a given  sam ple of m ilk, 
it  w ould in d icate th a t reductase is of b acteria l origin 
b u t th a t  not all b acteria  foun d in m ilk produce this 
enzym e. (T h is  la tte r  conclusion is in accord w ith 
th e view s of F re d .1)

(6) I t  seems probable th a t form ald eh yd e either 
gra d u ally  retards th e  action  of th e reductase o f de
stro ys it. T h is is a m atter, how ever, for more careful 
in v estig a tio n  in th e future.

It  w ill be noted th a t a lthough th e  conclusions form u 
la ted  in th is paper are not in accord  w ith  th e entire 
b o d y  of conclusions of an y previous w orker in th is 
field, y e t  m any of th em  are in  close agreem ent w ith  
certain  conclusions of a num ber of in vestigators.

H y o i b n i c  L a b o r a t o r y  

C a r n e g i e  H a m ,  o r  C h e m i s t r y  

A l l e g h e n y  C o l l e g e ,  M b a d v i l l b ,  P a .

A STUDY OF TH E VOLUMETRIC OR PEM BERTON
M ETHOD FO R DETERM INING PHOSPHORIC ACID, 

W ITH SOM E EXPERIM ENTS SHOW ING THE  
INFLUENCE OF TEM PERATURE AND 

THE SULFURIC ACID RADICAL 
ON RESULTS2

B y P h i l i p  M cG . S h u e y  

R eceived O ctober 20, 1916

T h ere has been a great deal w ritten  and said of th e 
vo lu m etric  m ethod for determ ining phosphoric acid, 
b u t still m an y chem ists h ave troub le in  its  use and 
m anipulation. I t  has been foun d b y  m ost workers 
who em p loy th is m ethod th a t  a num ber of years of 
careful and p a tien t experience is n ecessary to  m aster 
it, and ow ing to  the len gth  of tim e n ecessary to  acquire 
th is, m any chem ists h a ve  discarded it  altogether. 
T h e w riter has h ad  more th an  xo years of practical 
and constan t experience in  determ ining phosphoric 
acid  b y  this m ethod, b oth  w ith  a large fertilizer concern, 
and in th e  ph osphate fields of F lorida, and possibly 
som e points a lread y  m entioned can be em phasized in 
th is paper.

On accoun t of th e extrem e delicacy of th e m ethod, 
and in order to  show  how  it m ay be rendered 
accu rate  and reliable, it  m ight be of interest to  in 
clude som e experim ents show ing som e of th e principal 
causes th a t brin g ab ou t d isturbances in  results. T h e 
problem  is m ost interesting, and w hile no pretense is 
m ade th a t  th is article  w ill cover th e  entire field, it  is 
hoped th a t  it  w ill a t least serve th e  purpose of aiding

1 Ctnlr. Bakt. Parasitenke, I I  Abl., 35, 491.
s P resen ted  a t  53rd M eeting  of A m erican Chem ical Society, New Y ork 

C ity , Sep tem ber 25 to  30, 1916.



368 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. g, No. 4

T a b l e  I—R e s u l t s  b y  V a r i o u s  M e t h o d s  o p  T r e a t m e n t

1— B y dissolving in n itric  acid and  a  few drops of hydrochloric acid.
2— B y adding an  equal weight of 50° B6. sulfuric acid, as in the  m anu

factu re  of acid phosphate, and then  m aking solution like (1).
3— B y adding twice the  q u a n tity  of sulfuric acid, as is usually em 

ployed in the  m anufacture  of acid phosphate .
4— B y solu tion  in a m ixture  of 10 cc. sulfuric and 15 cc. n itr ic  acid.
5— B y increasing the  sulfuric to  25 cc.

6— B y m aking so lution according to  (2), and  then  adding  barium  
chloride to  rem ove sulfuric acid.

7 and 8— Solutions corresponding to  (1) and  (2), respectively, only using 
a  s tan d ard  th a t  has been used in th e  w rite r's  labo ra to ry  for th e  p a st 5 
years, and  which contains m uch less iron  and  alum ina th a n  the  A. C. S. 
S tandard , b u t which, by  coincidence, conta ins practically  the  sam e am ount 
of phosphoric acid.

No.
1 . . . .

C u b i c  C e n t i m e t e r s  S t a n d a r d  S o l u t i o n  S o d i u m  H y d r o x i d e  R e q u i r e d
5 °  C. 
30 .08

20° C. 
30 .15

2 .............   30 .20  30 .0

30° C. 
3 0 .2 5 ) Av. 
30 .10  J 30.17

3 0 .2 0 )  Av. 
30 .40  J 30 .30

40° C. 
3 0 .2 2 )  Av. 
3 0 .3 0 )  30.31

3 0 .7 0 ) 
3 0 .7 5 J

Av.
30.72

- C o r r e c t i v e  F a c t o r s -----------------------------*
30° C. 40° C. 50° C. 65° C. 

0.99905 0 .99472 0.9837 0.96573

2  B

3

.......................  30 .20 30.20

30 .10

50° C. 65° C. 5° C. 20° C.
3 0 .6 5 ) Av. 3 1 .1 5 ) Av. 1.0023 1.00
3 0 .6 5 J  30 .65  3 1 .3 0 J3 1 .2 2

3 2 .1 5 ’
3 1 .1 0 )  Av. 32 .10
30 .95  J 31 .02  32 .20  f 32 .16  0 .998  1.005

3 2 .2 0 '
3 1 .3 0 )  Av.
3 1 .4 5 J 3 l .3 7 ................................................................................................................  0.9611

32 .10
32.20
32.20

Av.
32.16 0.99505 0 .98144 0.97195 0.9375

3 0 .5 0 )  Av. 
30 .70  j  30 .60  
3 0 .4 0 )  Av. 
3 0 .5 5 j3 0 .4 7

3 1 .1 5 )  Av. 
3 1 .08}  31.11 
3 0 .9 5 )  Av. 
31 .08  j 31.01 
30.45

31 .25  ) Av. 
3 1 .2 5 (3 1 .2 5  
3 1 .4 0 )  Av. 
3 1 .5 0 (3 1 .4 5  
3 1 .2 5 )  Av. 
3 1 .2 8 (3 1 .2 6  
30 .50  
3 0 .3 5 )  Av. 
3 0 .2 0 )  30.27

3 0 .9 5 )  Av. 
3 1 .1 5 )3 1 .0 5

som e chem ists, and more p a rticu la rly  those startin g  
out in m akin g analyses of fertilizers, and of th e m aterials 
w hich enter into  their com position, and show  th a t when 
p rop erly  handled th e m ethod is eq u ally  accurate, 
or m ore so, th a n  th e S tan d ard  G ravim etric . D r. F . 
B . C arpen ter, in  his v e ry  able article, m entions both  
th e a d van tages and d isadvan tages of th e  m ethod, to 
gether w ith  details w hich cause disturbances of resu lts.1

A s a m eans to w a rd  m ore accu rate  determ inations, a 
num ber of m odifications of th e  original m ethod have 
been proposed. B riefly  sta ted , their principal fea
tures are as follow s:

1— R ich ard son ’s m odification for an alyzin g acid 
phosphate, w hich depends upon the rem oval of su l
furic acid  w ith  b arium  chloride, after m aking solution 
in a m ixture of n itric  and hydrochloric acid s.2

2— Sep aration  of th e  phosphoric acid  from  sulfuric 
acid  b y  precipitation  w ith  am m onium  hydroxide, then, 
after filtering and w ashing, th e phosphates are dis
solved  and precip itated  in  the usual w a y.

3— F airch ild ’s m odification m aking th e end-point 
sharper b y  th e addition  of b arium  chloride, a fter dis
solvin g th e p recip itate  of am m onium  phosphom olyb- 
date in an excess of stan dard a lk a li.3

I t  is conceded b y  those experienced in th e  m ethod 
th a t  th e  details w hich h a ve  the greatest influence on 
results are tem perature and th e  am ount of sulfuric 
acid  radical present; and to  show  th e  effects of these 
im p ortan t factors on th e results, several series of ex
perim ents h ave been m ade w hich m ay be briefly  de
scribed as follow s: T h e sam ple of phosphate rock
w hich w as adopted b y  th e  F ertilizer D ivision  of the 
S o cie ty  as a stan dard for phosphoric acid  w as ta k en  as 
a basis for th e  experim ents.4 T h e value of th e sta n d 
ard adopted is 30.15 per cent, w hich was th e average 
of a large num ber of determ inations b y  th e  gravim etric  
m ethod. A fter  w eighing out i-g . portions and p u ttin g  
th em  into  200-cc. flasks, w hich had p reviou sly  been

> T h i s  J o u r n a l , 2 (1910), 157.
* S u tto n ’s “ V olum etric Analysis, ’’Schim pf’s "V olum etric A nalysis,” 

and  J .  A . C. S ., 29, 1314.
* T h i s  J o u r n a l ,  4  (1 9 1 2 ) ,  5 2 0 .
4 “ D etails of Analysis for S tan d ard iza tio n ,”  T h i s  J o u r n a l , 3 (1 9 1 1 ),

118.

32.75 ) Av. 
3 2 .8 0 )  32.77 
3 1 .4 0 )  Av. 
3 1 .5 0 )  31.45 
31 .45  ) Av. 
31 .15  ) 31 .30  
31 .00

0.9648 0 .92005

0.99802 0.99802 0.98529 0.96914 0 .95866 0 .95866

1.00166 1.00166

A v .
32.15

0.9895

0.9934

0.9722

0.99011

0.9648

0.98852

0.99108

0.96618

0.96326

0 .97258

0.97244

0 .93312

carefu lly  calib rated , solutions were m ade according to  
th e descriptions g iven  in  T a b le  I.

A fter m akin g up solutions to  m ark, and filtering 
through d ry  filters, a liq u ot portions representing o .i  
g. were ta k en  for an alysis. A fter  d ilu tin g w ith  w ater 
th e  m edium  for precipitation  was regulated  in  the 
usual w ay, b y  first adding am m onia u n til a lkalin e, and 
then  clearing up b y  th e addition  of n itric  acid. B efore 
m akin g precipitation s from  Solutions 4 and 5 
10 g. of am m onium  n itrate  were added, as otherw ise 
th e  precip itation  w ould p ro b ab ly  be incom plete in  th e 
presence of such a large q u a n tity  of sulfuric acid. 
A s an experim ent, 10 g. of am m onium  n itra te  were 
also added to (2B ). In  all other cases, how ever, no 
am m onium  n itra te  w as added, other th a n  th a t form ed 
from  th e reaction  betw een am m onia and n itric  acid 
in g e ttin g  th e  proper m edium .

W ith th e  precip itan t a t 30° C ., precip itation  was 
m ade a t various tem p eratu res as follow s:

A t 5° C. by  adding  50 cc. M olybdic solution, s tirring  30 min.
A t 20° C. by  adding 50 cc. M olybdic solution, stirring  30 min.
A t 30° C. by  adding  45 cc. M olybdic solution, stirring  30 min.
A t 40° C. by  adding  35 cc. M olybdic solution, s tirring  30 min.
A t 50° C. by  adding 35 cc. M olybdic solution, stirring  15 min.
A t 65° C. by  add ing  35 cc. M olybdic solution, s tirring  15 min.

F ilterin g  and w ashing was done b y  th e  use of n  cm . 
filter papers: th is th e w riter regards as being more
accurate th a n  filtering under pressure, and when 
running a b atch  of 6 or more determ inations a t a tim e it is 
done abou t as rap id ly . T h e  precip itates were all washed 
free of acid  as determ ined b y  th e addition  of a drop 
of N /4 alkali to  the filtrate. I t  is n otew o rth y  th a t in 
m aking these experim ents on ly  2 or 3 of th e  duplicate 
determ inations were ru n  at th e sam e tim e, and th ere
fore the results are m ore tru ly  checks th a n  had  all 
been duplicated  together. R esults foun d b y  precipi
ta tin g  a t th e low  tem peratures, 5 and 20° C ., were not 
duplicated  th rough  la c k  of tim e, b u t as would be ex
pected, th e figures agree closely when m akin g pre
cip itation  from  th e various solutions a t these te m 
peratures.

A s th e stren gth  of the stan dard  solutions w as p rac
tic a lly  0.3238 N , and as 0.1 g. of rock  was tak en  for 
analysis, th e num ber of cc. of solution required should
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v e ry  n early  correspond to th e  actu al percentages, 
provided there were no disturbin g elem ents to offset 
th e results. In  T a b le  I is shown th e num ber of cc. re
quired when p recip itation  w as m ade at th e various te m 
peratures and from  th e various solutions and th e  cor
rective  fa cto r  for each cc.

I t  w ill be n oticed  w hat a great d eviatio n  there is in 
the num ber of cc. of th e stan dard  solution  required to  
dissolve th e various precipitates form ed under the 
different conditions of tem perature, and th e v a ry in g  
am ounts of su lfuric acid, and th a t according to  the 
Official V olum etric M e th o d 1 th e  num ber of cc. required  
corresponds to  the percen tage for an yth in g  from  room  
tem perature up to  65°, w ith ou t m aking a n y  allow ance 
w hatever for correction.

W hile in th e Official M ethod  it  is n ot recom m ended 
th a t sulfuric acid  be used in m aking solutions of the 
m aterial, no d istin ction, how ever, is m ade in th e mode 
of p recip itation , w hether or n ot the sulfuric acid  radical 
is present. I t  is n o tew o rth y  th a t a t a tem perature 
of 65° C ., m uch higher results are fou n d  on acid 
phosphate dissolved in  n itric  acid  th an  when phosphate 
rock w as dissolved in a m ixture of su lfuric acid  and 
nitric acid.

B y  reference to  the table under T rea tm en t 2, it  will 
be n oticed  th a t  th e num ber of cc. of sta n d a rd  alkali 
required to  dissolve th e  yellow  precip itate , when 
precipitation  w as m ade a t th e various tem peratures, 
varies all th e  w ay from  30 to  3 2 .16  cc., a m axim um  
variation  of 2.16 cc., w hich w ould correspond to  2.16 
per cen t when not m akin g correction.

If we consider th a t th e addition  of 1 g. of sulfuric 
acid to 1 g. of rock  g ives 2 g. of acid  phosphate, and 
th a t th e a liq u ot ta k en  represents 0.2 g., th e m axim um  
variation  caused b y  changes in  tem peratu re is 1.08 
per cent, w ith ou t correction, and when p recip itatin g 
at 65° in determ in ing the phosphoric acid  in  acid  
phosphate, results will often  be 1 per cent high er th a n  
th ey should be.

It  was found in m aking th e experim ents th a t  there 
was m uch difficu lty  in m akin g results agree w hen pre
cip itatin g a t 50 and 65°, w hile a t 30 and 40° there was 
not th e lea st trouble in th is respect, th e results being 
extrem ely regular.

T he deviation  in analysis of ph osphate rock  caused 
by changes in  tem perature, as show n under (1), is 
about h alf of w hat it  is a fter th e addition  of sulfuric 
acid (after th e m anner of m aking acid  phosphate), 
the m axim um  va riatio n  being 1.14  cc.

E xp erim ent 3 shows th e  va riatio n  at 50 and 65° after 
adding double th e  am ount of su lfuric acid, as is usually  
em ployed in  m aking acid  phosphate. T h is addition  
gave a result 2.62 per cent too high, and 0.61 p e rc e n t 
higher th a n  results show n in (2), n ecessitatin g a cor
rective fa cto r of 0.92005 per cc. when precip itation  was 
made at 65°.

E xperim ent 4, in which solution w as m ade b y  dissolving 
in a m ixture of su lfuric and n itric  acids, shows a v a ria 
tion a t different tem peratures of/ 1.25 cc., and w ith 
precipitation  a t 30, 40 and 50° C ., th e  vo lu m e re-

1 B ureau of C hem istry , B ull. 107 (1912).

quired w as from  0.3 to 0.6 cc. greater th an  in th e acid 
phosphate under (2), b u t at 65° this q u a n tity  was 0.71 
cc. less.

I t  w as foun d th a t b y  increasing th e  am ount of su l
furic acid  used in m akin g solution  to  25 cc., little , if 
an y, difference w as m ade in  results.

E xp erim en t 6 shows th e  analysis a fter rem ovin g th e  
sulfuric acid  rad ical w ith  b arium  chloride. T h e  re
sults were n ot duplicated , b u t th e y  agreed closely  w ith  
those under (1), in  w hich no su lfuric acid  is added.

E xperim ents 7 and 8 were m ade to  determ ine 
w hether or n ot iron and alum in um  h ad  a ten d en cy  to  
affect results, th e sam ple being v e ry  low  in these m etals, 
while th e  A . C . S. stan dard  is v e ry  high . T h e  results 
were concordant.

T h e  results foun d at th e various tem peratures and 
from  th e various sta te s of solution  show h o w  u tterly  
im possible i t  is to  do correct w ork when precip itation  
is m ade a t from  40 to  50 or from  60 to  65°, as men
tioned in  th e  Official M ethod, unless correction is m ade 
b y  the use of a stan dard, w hich is run along w ith  th e 
b atch  under id en tica lly  th e sam e conditions, and then  
corrections m ade accordin gly. If  w ork is being done 
oh acid  ph osph ate, it  is suggested  th a t a control test 
be carried on a t th e  sam e tim e b y  adding to  a w eighed 
q u a n tity  of stan dard  ph osphate rock  th e am oun t of 
su lfuric acid  used in m akin g th e acid  phosphate. 
I t  was also foun d b y  experim ent th a t  th e sulfuric acid  
m ay be added after m akin g solutions in  n itric  acid  w ith 
th e  sam e results. T h is  suggestion  is inten ded par
ticu larly  for those w ho p recip itate  phosphoric acid  at 
tem peratures higher th a n  300 C . I t  is advisable, too, 
th a t a stirrin g m achine be em ployed.

Should a sam ple of fertilizer under exam ination  
contain  a large am oun t of organic m atter lik e  fish scrap, 
ground ta n k a g e  or cottonseed m eal, it  is suggested  
th a t  th e m ethod of solution  be th e  addition  of a  m ix
ture o f 10 cc. sulfuric acid  and 15 cc. n itric acid, 
boil on a h ot p late un til b lack , and then oxidizing 
th e  organic m atter b y  t h e ' addition  of potassium  
n itrate. W henever em p loyin g th is m ethod allow  the 
flask to  cool dow n w ith  th e hot p late, otherw ise it will 
crack ; then  boil w ith  ab ou t 100 cc. of w ater. A  por
tion  of a stan dard  sam ple of phosphate rock  is d is
solved  and trea ted  in  th e sam e m anner, and th e va lu e  
per cc. foun d and correction m ade. I t  is advisable 
when p recip itatin g  from  a sulfuric acid  solution to  
add a t least 5 g. of am m onium  nitrate.

I t  has been foun d also th a t th e  age of th e  m olybdic 
solution m ay seriously affect results. If  a  solution  
is v e ry  old and shows a ten d en cy  of sep aratin g out 
m olybdic acid , it  should be discarded and not even  
m ixed w ith  a  fresh solution. B y  keeping th e  solution 
in a d ark  b o ttle  and in a cool place it  w ill b e pre
served longer. A  p recip itatin g vessel th a t  is m ost 
conven ien t is a 250 cc. Soxhlet fa t extractio n  flask 
fitted  w ith  a N o. 9 rubber stopper; a fter adding an ex
cess of stan dard  a lka li, th e stopper is inserted, and th e 
flask shaken u n til th e  yellow  p recip itate is dissolved. 
T h e end-point is sen sitive to  a drop, and therefore 
F airch ild ’s m odification is unnecessary.
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In conclusion it m ay be stated  th a t  w ith  a know ledge 
of the m ethod and w ith  strict a tten tion  to  detail, 
v e ry  accurate and reliable results m ay be obtained, 
and th e  fa c t th a t it  is extrem ely  d elicate is a po int in 
its favor. A ccu ra cy, how ever, w ill com e on ly  w ith  
practice.

L a b o r a t o r y  o p  S a v a n n a h  G u a n o  C o m p a n y  

S a v a n n a h , G e o r g i a

THERM OCLINE STUDIES AT KENSICO RESERVOIR1
B y  F r a n k  E. H a l e  a n d  J o h n  E . D o w d  

Received Septem ber 30, 1916

T h e new  and enlarged K en sico  reservoir is th e 
storage reservoir for the new  C atsk ill w ater su p p ly  
nearest to  N ew  Y o r k  C ity . O w ing to  the progress 
m ade on the dam , th e reservoir was filled in th e w inter 
of 19 15 -16 . Close w atch  was k ep t of th e  q u a lity  of 
the w ater in order to utilize it  a t the earliest possible 
m om ent. D urin g construction  the w ater of th e  B ron x 
w atershed had been held b ack  b y  th e  B ronx and R y e  
D ykes and th e  B ronx su p p ly  fed  from  R y e  D y k e . 
A s soon as th e  q u ality  of th e w ater perm itted , change 
of d raught w as m ade to  th e new  dam  and filling con
tin ued  over the D y k e s in order to  conserve in th e C a ts 
k ill system  as m uch of th e  w inter and spring flow as 
possible.

T h e problem  w as in terestin g in th a t it  is n ot the 
usual procedure to  use w ater from  a reservoir w ith ou t 
long stan din g and possibly b low in g of b otto m  w ater 
after stagn ation .

T R E A T M E N T  O F R E S E R V O IR  BO TTO M

Soil stripped from  certain  designated portions was 
used for filling areas of shallow  flow age. S w am p y 
areas were covered w ith  sand and gravel to  a depth 
of 12 in. or more. T h e  b otto m  and a m argin of abou t 
30 ft. outside th e  flow-line were cleared of all buildings, 
fences, trees, bushes, logs, stum ps, high grass, tussocks 
or clum ps of roots of bushes or grass, weeds and ru b 
bish. Stone w alls w ithin  th e 30-ft. m argin and to  
a depth of 20 ft. below  th e flow-line were rem oved.

an yth in g  approaching th e stagn ation  of sum m er is 
avoided. W ater first flowed in  from  the A sh okan  
tun nel on N ovem ber 22, 1915 , and continued stead ily  
until Jan u ary  15, 1916, when th e w ater w as 123 ft. 
deep. F illin g  was resum ed F eb ru a ry  21, 1916, and 
continued to  full reservoir level w hich was reached 
M a y  23, 1916.

T h e  w ater entering was of low  tu rb id ity  and free 
from  B . coli in 10 cc., h a vin g  seen long storage a t 
A sh okan  reservoir. T h e w ater as it  entered th e  reser
voir stirred  up th e m ud of th e b otto m  w ith  th e result 
th a t th e whole vo lu m e of w ater in  K en sico reservoir 
w as m uddy and showed B . coli in m any of the tests 
in 0.1 cc. T h e  tu rb id ity  contained fine s ilt which 
settled  v e ry  slow ly. T h e tu rb id ity  w as still 30 p. p. m. 
at the end of a m onth and n atu ra lly  cleared more 
s low ly  in th e deeper w ater. B. coli results im proved 
w ith  subsidence of tu rb id ity  and tim e of stan d in g, 
tests in on ly xo cp. being obtained at th e end of 3 weeks 
and a t th e end of 6 w eeks being n egative in  10 cc.

Special inspections were started  b y  th e L ab o rato ry  
D ivision  of th e  D ep artm en t of W ater S upp ly, G as 
and E le ctric ity , and special sam ples were taken  on 
D ecem ber 22, 1915. E ig h t sam ples taken  a t different 
points along th e side of th e reservoir had an average 
of on ly 36 b acteria  per cc. (agar 3 7 0 C .) and no B. 
coli in 10 cc. w ith in  24 hrs., lactose bile test. In  3 
d a ys ’ tim e th e tests in  10 cc. were p ositive in 3/< of 
the sam ples. One on ly  ga v e  a test in 1 cc. T hese 
results proved the presence of a tten u ated  B. coli 
only, its source being th e disturbed m ud of th e reservoir.

A  p ath  was broken through th e ice to  a point several 
hundred feet b ack  of th e  in take a t th e dam  and sam ples 
ta k en  from  a row  b o at a t th e surface and a t 50 ft. 
depth, th e to ta l d ep th  of w ater being 82 ft. These 
sam ples were taken , as were all sim ilar sam ples later, 
b y  th e m ethod em p loyed  for collecting dissolved o x y 
gen sam ples, i. e., allow ing a larger b o ttle  to fill through 
a sm all b o ttle  so th a t th e analysis of th e w ater in the 
sm all b ottle  represents th e actu al conditions at the

T a b l e  I — Q u a l i t y  o p  W a t e r  a t  V a r i o u s  D e p t h s , K e n s i c o  R e s e r v o i r  
P h y s i c a l

*------------------------------------------ C h e m i c a l  A n a l y s i s ----------------------
(P a rts  per M illion)
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0 .15 50 1.5 25 14 0 .60 0 .9

0 .15 48 1.0 25 13 0 .40 0 .4
0 .1 0 51 1.2 20 13 0 .50 0 .4
0 .20 59 1.4 20 13 0 .50 0 .4

c/3

aVouVfa
91 .9
90 .0

93

92*
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15 0 0 0 15
37 0 0 +  15

11
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19

0 0 0 20 
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0 0 0 0

D esignated  areas w ith in  the 30-ft. m argin and th e 
reservoir b otto m  to  a depth of 35 ft. below  th e flow- 
line were grubbed of stum ps and roots. M ateria l 
was burned, excrem ent rem oved, and chloride of lim e 
used.

T h e  tim e of filling th e reservoir w as well chosen, 
la te  fa ll, since circulation  continues all w inter and

1 P resented  a t the 53rd M eeting, American Chem ical Society, New Y ork 
C ity , Septem ber 25 to  30, 1916.

depth sam pled. T h ese sam ples were given  com plete 
analysis, ph ysical, chem ical, b acteriological, and m icro
scopical. D issolved  oxygen  and free carbonic acid 
were also determ ined a t the reservoir. T h e results 
are shown in T ab le  I.

T h e  tem perature, oxygen-free carbonic acid  and 
other determ inations p roved  th e w ater to be of uni
form  character throughout. M icroscopic organism s 
were p ra ctica lly  absent, oxygen  w as abun dan t, 90
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per cent of satu ratio n  a t 50 ft. depth, free carbonic 
acid  v e r y  low , and th e  B. coli present on ly  in atten u ated  
form  in th e  50-ft. sam ple. T h e tu rb id ity , w hich ac
counted also for th e sligh t excess of iron, w as still ju st 
sufficient to  h a ve  caused com plaint if  turned into service.

On Jan u ary  7, 1916, a second inspection  was m ade 
in th e sam e w a y  (see T a b le  I). T h e shore sam ples 
were of sim ilar character, averagin g 38 b acteria  per 
cc., and on ly a tten u ated  B. coli ' appearing in  10 cc. 
in 4 ou t of 7 sam ples.

Sam ples were again  tak en  from  a b o at at surface, 
25 ft. and 50 ft. depths, th e to ta l depth being 117  ft. 
O w ing to  the d ifficu lty  of w inter sam pling from  a row 
b oat, sam ples were n ot taken  a t a greater dep th  than  
50 ft .:  in  fa c t som e sam ples froze and b urst th e  b ottles 
while stan din g in the b oat. T h e results were sim ilar 
to th e previous analyses.

T h e w ater had im proved  in show ing less tu rb id ity , 
abou t 5 p. p. m ., no B . coli in a n y  sam ple, still lower 
carbonic acid, and oxygen  92 per cent of satu ratio n  at 
50 ft. T h e  tem perature, oxygen, free carbonic acid, 
and m icroscopic organism s for both  inspections are 
p lotted  in C h a rt N o. 1 and show  th e absence of stria
tion or a n y  therm ocline, all lines being vertica l.
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Q u a l i t y  o p  K e n s i c o  R e s e r v o i r  W a t e r  a t  V a r i o u s  D e p t h s

As th e w ater rose d ifficu lty  was experienced w ith the 
pipe line b rin ging w ater from  R y e  D y k e  and it  becam e 
necessary to  supplem en t a t th e new  dam . Service 
from  R y e  D y k e  w as soon discontinued and all draught 
taken  a t th e new  dam , the point of d rau gh t being 50 ft. 
off th e  b otto m , th e low est availab le. F illin g of th e 
reservoirs, w hich w as stopped  Jan u a ry  15, w as con
tinued F eb ru a ry  21, and the D y k e s flooded un til th e 
reservoir w as p ra ctica lly  fu ll w ith  a depth of 155 ft. 
on M a y  23, 1916.

P revious experience w ith  C roton  L ak e h a vin g  in d i
cated  th a t there w ould be no stagn ation  un til sum m er, 
special sam pling was discontinued un til spring. R e g u 
lar sam ples were ta k en  3 tim es w eekly  of surface and 
effluent a t th e dam  and these rem ained of excellent 
q u ality .

C om m on reference is m ade to  w inter stagn ation  in 
reservoirs. I t  is th e  opinion of the writers th a t under 
usual conditions there is no w inter stagn ation . In  
our experience w ith  C roton  L ake and w ith  K en sico 
R eservoir  th e w ater circu lates and overturn s all w inter 
long even  to  a tem peratu re below  th a t o f greatest 
den sity. T h e  follow ing ta b le  of tem peratures taken  
b y  therm ophone b y  th e B oard  of W ater S u p p ly  su b 
stan tiates this point:

T a b l e  I I — T e m p e r a t u r e  o p  W a t e r  a t  V a r i o u s  D e p t h s , K e n s i c o  
R e s e r v o i r

D e p t h s  F e b r u a r y  8 , 191 6  D e p t h s  A p r i l  5 , 1 916
Surface ................  3 2 .7 ° F .  0 .4 °  C. Surface 3 5 .8  2.1

7 f t ....................... 3 3 . 9  l . l  14 f t .  3 6 . 0  2 .2
2 2  f t .......................  3 4 . 0  1 .1  3 4  f t .  3 6 .1  2 .3
6 2  f t .......................  3 4 .2  1 .2  8 9  f t .  3 6 . 3  2 . 4

1 0 2 f t ....................... 3 4 . 8  1 .6  129 f t .  3 6 . 4  2 . 4
122 f t .  ( b o t to m )  . .  . . .  1 4 9 f t .

I t  will be n oted  th a t  th e  colder tem peratures are 
a t th e surface, th a t  on F eb ru a ry  8, there was on ly a 
difference of 1 .2 0 C . betw een  top  and b o tto m  tem p era 
tures taken , and on A p ril 5, on ly  0 .40 C . difference, 
and th a t all th e tem peratures on A pril 5 are higher 
th an  those on F eb ru a ry  8, p rovin g circu lation  from  
top  to  bottom . T h e probable exp lan ation  of this 
circulation  is th a t  w ater cooled below  4 0 C . becom es 
ligh ter and when it  again increases in tem perature 
grows h eavier up to  4 0 C . A n y  d isturbance as b y  
wind th en  causes an overturn in g w hich tem peratures 
show  is profound. Such appears to  be th e case all 
w inter. O n ly in  th e  sum m er does true stagn ation  
ta k e  place. T h e fa ct th a t K en sico w as filling m ost 
of th e w inter rea lly  has no bearing on  th e results in 
th a t th e sam e phenom enon has been noticed a t C roton  
L a k e  and also there w as no w ater running in from  
J an u ary  15 tc  F eb ru ary  21, a period of 5 weeks. A gain  
th e  w ater entered a t th e northern end and sam pling 
was a t th e  southern  end.

T h e tem peratures obtained  on th e different dates are 
show n in T a b le  I I I .

C O M P L E T E  A N A L Y SE S

On M a y  22, 1916, th e  first of a v e ry  com plete set 
of analyses w as started . T em p eratures were taken  
b y  a therm ophone of the B oard of W ater Supply, 
op erated  b y  M r. G lazer. T h e instrum ent w as of the 
galvan om eter ty p e  and readings could be m ade ac
cu ra tely  to o . i °  F. T h e instrum ent had been com 
pared w ith  stan dard  therm om eters and found to be 
correct. T em p eratures were read a t ev ery  5 ft. 
depth dow n to  100 ft., then  a t ev ery  10 ft . depth. 
W hen the therm ocline developed later its  exa ct posi
tion  w as determ ined b y  readings 1 ft . apart. Sam ples 
for other determ inations were ta k en  a t frequen t in 
tervals, including esp ecially  ju st ab ove and ju st below  
th e  therm ocline. Sam ples have also been ta k en  from  
th e effluent pipe each tim e, w hich h a ve  dem onstrated 
th a t th e  d rau gh t is a ctu ally  a t th e depth in ten d e d ..
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-M a y  22, 1916-
D ep th  T em peratures

F t.  Therm ophone  ---------
3 C. 55.

-Bottle-
1 5 5 .1 0 F . — 12.8°
5 5 5 .0 ° — 12.8°

10 5 4 .3 ° — 12.4°
15 5 4 .0° — 12.2°
20 5 2 .9 ° — 11.6°

25 5i.*2° — i0.’7°
30 4 9 .6 ° —  9 .8 °
35 4 7 .9 ° —  8 .8 °
40 4 7 .0 ° —  8 .3 °
45 4 6 .2 ° —■ 7 .9 °
50 4 5 .3 ° —  7 .4 °
55 4 4 .5 ° —  6 .9 °
60 4 4 .0 ° —  6 .7 °
65 4 3 .7 ° —  6 .5 °
70 4 3 .6 ° —  6 .4 °
75 4 3 .4 ° —  6 .3 °
80 4 3 .3 ° —  6 .3 °
85 4 3 .2 ° —  6 .2 °
90 4 3 .2° —  6 .2 °
95 4 3 .2 ° —  6 .2 °

100 4 3 .1 ° —  6 .2 °
105 (Effluent)
110 4 2 .6 ° —  5 .9 °

12 6 4 2 ! i 0 —  *5i6°

130 4 i!8 ° — ‘5 ;4 °

140 4 i!7 ° — '5 .'4 °

150 4 i .7 ° — '5 !4 °

T a b l e  I I I
. -Ju n e  29, 1916------.
D ep th  T em peratures 

F t .  Therm ophone
D epth

F t.

- J u ly  28, 1916-
T em peratures
Therm ophone

 A ugust 31, 1916------
D ep th  T em peratures 
F t.  Therm ophone

00 0 — 13.2° C. V i 7 5 .1 0 F . 2 3 .9 °  C. 1/i 7 8 .3 °  F . 2 5 .7 °  C. Vs 7 5 .6°  F . 2 4 .2 °  C.
5 7 3 .2 ° 2 2 .9 ° 5 7 8 .2 ° 2 5 .7 ° 5 7 5 .6° 2 4 .2 °

10 7 2 .9 ° 2 2 .7° 10 7 7 .9 ° 2 5 .5 ° 10 7 5 .6° 2 4 .2 °
15 7 2 .4 ° 2 2 .4 ° 15 7 7 .8 ° 2 5 .4° 15 7 5 .2° 2 4 .0 °
16 7 1 .5 ° 2 1 .9 ° 20 7 7 .6 ° 2 5 .3 ° 20 7 4 .0 ° 2 3 .3 °
17 6 6 .4 ° 19 .1° 21 7 7 .2° 2 5 .1° 21 73 .7° 2 3 .2 °
17Vi 6 4 .3 ° 17.9° 22 7 6 .6° 2 4 .8 ° 22 7 3 .5 ° 2 3 .1 °
20 6 2 .4 ° 16.9° 23 6 2 .3 ° 16.8° 23 7 2 .1 ° 2 2 .3 °

24 6 1 .4 ° 16.3° 24 6 8 .5 ° 2 0 .3 °
*0° — i2.*2° 25 56.' i ° 13.’4° 25 6 0 .4 ° 15.8° 25 6 5 .7 ° 18.7°

30 5 2 .9 ° 11.6° 30 5 6 .0 ° 13.3° 30 5 8 .0 ° 14.4°
35 5 1 .8 ° 11 .0° 35 5 3 .6 ° 12.0° 35 5 5 .5 ° 13.1°
40 5 0 .5 ° 10.3° 40 5 1 .9 ° 11.4° 40 5 3 .2 ° 11.8°
45 4 8 .6 ° 9 .2 ° 45 5 0 .3 ° 10.2° 45 5 1 .9 ° 11 .1°"go — 8 ]2 ° 50 4 7 .0 ° 8 .3 ° 50 4 8 .9 ° 9 .4 ° 50 5 0 .5 ° 10 .3°
55 4 5 .3 ° 7 .4 ° 55 4 7 .5 ° 8 .6 ° 55 4 8 .6 ° 9 .2 °
60 4 4 .4 ° 6 .9 ° 60 4 5 .9 ° 7 .7 ° 60 4 7 .4 ° 8 .6 °
65 4 3 .7 ° 6 .5 ° 65 4 5 .0 ° 7 .2 ° 65 4 6 .3 ° 7 .9 °
70 4 3 .4 ° 6 .3 ° 70 4 4 .1 ° 6 .7 ° 70 4 5 .3 ° 7 .4 °
75 4 3 .2 ° 6 .2 ° 75 4 3 .6 ° 6 .4 ° 75 4 4 .5 ° 6 .9 °80 4 3 .0 ° 6 .1 ° 80 4 3 .5 ° 6 .4 ° 80 4 4 .2 ° 6 .8 °
85 4 2 .9 ° 6 .1 ° 85 4 3 .3 ° 6 .3 ° 85 4 3 .8 ° 6 .6 °
90 4 2 .7 ° 5 .9 ° 90 4 3 .1 ° 6 .2 ° 90 4 3 .4 ° 6 .3 °
95 4 2 .5 ° 5 .8 ° 95 4 3 .0 ° 6 .1 ° 95 4 3 .1 ° 6 .2 °

!o° — 7i2° 100 4 2 .4 ° 5 .8 ° 100 4 2 .8 ° 6 .0 ° 100 4 2 .9 ° 6 .1 °
.2 ° — 6 .2 ° 105 4 2 .3 ° 5 .7 ° 105 4 2 .7 ° 5 .9 ° 105 4 2 .8 ° 6 .0 °

110 4 2 .15° 5 .6 ° 110 4 2 .5 ° 5 .8 ° 110 4 2 .8 ° 6 .0 °
115 4 2 .05° 5 .6 ° 115 4 2 .4 ° 5 .8 °
120 4 1 .95° 5 .5 ° 120 4 2 .3 ° 5 .7 ° i 20 42.’6° 5 .9 °
125 4 1 .95° 5 .5 ° 125 4 2 .2 ° 5 .7 °
130 41 .9° 5 .5 ° 130 4 2 .1 ° 5 .6 ° i 30 42!4° 5 .8 °
135 4 1 .85° 5 .5 ° 135 4 2 .0 ° 5 .6 °
140 41 .8 5 .4 ° 140 4 2 .0 ° 5 .6 ° i4o* 42!5° 5 .9 °
145 4 1 .8 ° 5 .4 ° 145 4 2 .0 ° 5 .6 °

0° —6.7° 150 4 1 .8 ° 5 .4 ° 150 4 3 .0 ° 6 .1 ° ¡50 4 3 ! 4° 6 .3 °
155 4 3 .8 ° 6 .6 ° 155 4 4 .4 ° 6 .9 °
160 4 3 .8 ° 6 .6 °

T h e analyses m ade M a y  22 are shown in T ab le  
IV . C h a rt N o. 2 shows th e tem peratures, oxygen , free 
carbonic acid, and m icroscopic organism s. I t  is e v i
dent from  th e chart th a t a therm ocline had begun to  
form  a t abou t 20 ft. depth. O xygen  was abun dan t 
at all depths and m icroscopic organism s at a  m inim um .

C om parison of th e  sm all b o ttle  tem peratures w ith 
th e therm ophone proved  th a t the sam ples cam e from  
the depth intended. Som e change of tem perature 
in th e deep sam ples is occasioned w hile draw ing up 
through the w arm er w ater. T h is difference becom es 
greater as th e surface tem peratures becom e higher.

T h e tubes were so arranged th a t the b ottles took 
2 min. to  fill, and it  to o k  o n ly  abou t one-half m inute 
to  lower to  th e depth desired.

T h e analyses show  th e w ater to be of rem ark ab ly  
uniform  character from  top to b ottom .

On June 29, 1916, sam ples were again  ta k en . T h e 
results, shown in T a b le  I V  and on C h a rt N o. 3, indicate 
th a t m arked changes h ave ta k en  place. A  d istin ct 
therm ocline has form ed a t 16 ft. depth w ith  great in 
crease of tem peratu re of th e  surface w ater. M icro 
scopic organism s h a ve  increased ab ove th e  therm ocline. 
Free carbonic acid  has increased below  th e therm ocline

T a b l e  I V — Q u a l i t y  o f  W a t e r  a t  V a r i o u s  D e p t h s  a t  K e n s i c o  R e s e r v o i r

Q
5/22

S a m p l e  P h y s i c a l
„  ^  E x a m i n a t i o n

OfS _

Surface 
25 ft.
50 ft.

100 ft.
150 ft.
105 (t.(E ffluent) 2 12 0

6 /29  Surface 
16 ft.
24 ft.
50 ft.
79 ft.

105 it.(E ffluent) 
150 ft.

7/28

8/31

2 12 lv 0 .195  0 .000  0 .000  0 .0 0  46 18 28 1 .4  23 18 0 .1 0  0 .2  9 .5

Surface 
20 ft.
25 ft.
50 ft.
75 ft.

105 ft.
125 ft.
150 ft.
Surface 

20 ft.
30 ft.
50 ft.
75 ft.

105 ft. (Effluent) 
125 ft.
150 ft.

O
W
S £
ai

s
P*
>> a.'

is P*
13u

uO
2 0

H 0
3 13
2 12
2 12
2 12
2 12
2 12
2 12
2 15
2 11
1 11
1 11
1 11
1 15
3 12
3 14
2 11
1 10
1 9
3 13
1 11
6 160
2 9
2 10
2 6
1 6
1 6
11 7
1

12 440

- N i t r o g e n  a s -

- C h e m i c a l  A n a l y s i s -  
(P arts  per M illion)

B a c t e r i o l o g i c a l
E x a m i n a t i o n

U°

< £ £ £ 
0 .180  0 .020  0 .004  0 .00  
0 .170  0.025 0 .002  0 .00  
0 .110  0.025 0 .002  0 .05  
0 .060  0 .030  0 .002 0 .00  
0 .120  0 .025  0 .004  0.05 
0.065 0 .020  0 .0 0 2  0 .05

•r e .=
O O .2 J3 « =£H H’ h U X <
48 14 34 1 .3 20 13
48 14 34 1 .3  20 13
48 14 34 1 .3  20 13
48 14 34 1.3  20 13
48 14 34 1.3 30 13
48 14 34 1.3  20 13

0.20
0.05

0.25  
0.25 
0.25

lv 0 .155  0.005 0 .000  0 .0 0
lv 0 .170  0 .000  0 .000  0 .05
It? 0 .065  0 .050  0 .002  0 .1 0
lv 0 .065  0 .100  0 .004  0 .05
lv 0.075 0 .100  0 .006  0 .1 0
lv 0 .120  0 .080  0 .006  0 .05
0 0 .190  0 .000  0 .002  0 .05
0 0.215 0 .020  0 .002  0 .05
0 0.185 0 .110  0 .002  0 .05
0 0.135 0 .030  0 .002  0 .05
0 0 .150  0 .020  0 .006  0 .05
0 0 .190  0 .005  0 .008  0 .1 0
0 0 .145  0 .015 0 .008  0 .1 0

6 160 3v 0 .150  0 .060  0 .018  0 .15
0.115 0.005 0 .002  0 .15  
0 . 1 1 0  0 . 0 1 0  0 .0 0 2  0 . 1 0  
0.095  0.005 0 .002 0 .10  
0.075 0 .005  0 .002 0 .10  
0 .080  0 .005  0 .002  0 .1 0  
0 .040  0 .005  0 .002  0 .10  
0.055 0 .005  0 .002 0 .1 0  
0 .190  0.685 0 .002  0 .15

49 21 28 1 .6  23 18
40 16 24 1.5  23 18
41 14 27 1 .4  22 16
42 16 26 1.3  20 15
47 16 31 1.4  21 17
46 17 29 1 .4  21 17

  1 .8  26 16
50 18 32 1 .8  23 16
49 17 32 1.5 26 16

.................. 1.5 23 14
46 20 26 1.5  26 14
42 14 28 1.5 23 12

1.5 25 14 
1.8

49 . .  
49 . .  
48 . .  
43 . .  
51 . .  
58 . .  
45 . .  

100 ..

. .  34
2 .0  25 18
1.5  25 19
1.5  26 18
1.5  26 18
1.5  23 13
1.5 18 14
1.5 21 19
1.6  33 28

0 .15 
0 .15  
0 .15  
0 .2 0  
0.25 
0.20

¿!30
0 .30

6!35
0 .60

0 .15
0 .15
0 .15
0 .15
0 . 1 0
0 .3 0
0 .15

O
•a0

V >
0VV 8u 5

0 .8 11.2
1.5 10.8
1 .5 10.8
1.5 11.2
2 .3 11.2
2 .3 11.5
0 .2 9 .5
1.1 9 .2
3 .0 8 .6
4 .6 9 .5
3 .4 10.2
3 .4 10.6
3 .8 9 .4
0 .38 7 .78
2 .6 6 7.78
4 .56 6 .0 4
4 .56 7.45
4 .5 6 8.61
4 .5 6 8.78
4 .5 6 8 .45

15.20 1.90
1.1 7 .40
2.1 6.67
9 .3 2 .20
7 .0 5 .20
6.1 7 .24
6.5 7 .20
6.1 7.32

21 .5 0 .57

d u
•qW

Bacillus  
coli 

in in  in 
gcs 0.1 1.0 10 
pq Cc. Cc. Cc.

M i c r o s c o p i c a l  
E x a m i n a t i o n  

N o. of S tan d ard  U nits 
per Cc.

-  a  I m p o r t a n t

% rJ G e n e r a

« s ■§ =
K. O V

S  -S **5 55£ « -Ci. •"
Co ^ ^

7 0 0 + 225 270 70 45
12 0 0 0 150 220 55 35
17 0 0 0 90 190 30 15

1 0 0 0 85 270 40 30
14 0 0 0 75 200 35 25
2 0 0 0 65 180 15 40
6 0 0 0 2950 250 110 2700

16 0 0 0 900 350 120 610
5 0 0 0 330 360 170 110

13 0 0 0 190 360 80 40
9 0 0 0 130 290 90 10
9 0 0 0 80 240 50

3900 0 0 0 140 280 40 “ 80
30 0 + + 4020 320 3900
52 0 0 + 3770 220 3700
12 0 0 0 1870 360 1800
15 0 0 0 520 320 460
6 0 0 + 190 370 180
2 0 0 0 100 675 30

15 0 0 0 150 270 120
13 0 0 + 510 2400 46 q

100 0 0 "h 125 480
175 0 0 0 130 820
64 0 0 0 80 1050
83 0 0 0 50 750

115 0 0 0 115 520
4 0 0 + 60 570

540 0 0 0 40 570
32 0 0 0 30 2500
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1 0  F r e e  C O 2
| P.P. M, •

5000—M icro-O rganism s

10 <2 C O z
! I PPM

5000 Micro. Organisms 40004 0 0 02000

O  B O T  TLC  TCMPER- 
ATuHC COLLECTED 
ß y  OX yCCN MUHQO

RESULTS ON £ F '  
fL U E  N T  SAM PLE  
FRO** P lP C  IN  
D A M  '

M  A V  22 ,1 9 1 6

BO TTO M
J -------------- . O x y g e n

P. P.M.
2 5 — Temperature -°C.

15 O x y g e n  

2 5  T e m p e r a tu r e  • ° C

C H A R T /V?J  TH ER M O C LINE FO R M E D  AT 16 FEETCHART 2. THERMOCLINE FORMING AT ABOUT 20 FEET

MICROSCOPIC
ORGANISMS5 0 0 0 - 4000.4 0 0 0

SURFACE

THERMOCLINE
T H C m O C V N Í  eg

JU LY  28,1916 AUGUST S/JS/C

BOTTOM
O x y g e n  -PR M . 10

OXYGEN -PPM.
2 5-Temperature *C.

C H A R T  N i  4  th e rm o c lin e :  a t  22. feet C H A R T  N 5.5 THERMOCLINE AT 23  F E E T
Q u a l it y  o f  K e n s i c o  R b s e r v o ir  '

and oxygen  has begun to decrease ju st below  th e 
therm ocline and a t th e  b otto m . T h ere was, how ever, 
an abundance of oxygen  a t all depths. T h e  album inoid 
am m onia decreased w ith  th e  m icroscopic organism s 
from  top  to  b ottom . T h e reverse was true of free 
am m onia, n itrite , and free carbonic acid. T h e  b o tto m  
sam ples alone showed high bacteria .

T h e  n ext set of sam ples w as ta k en  Ju ly  28, 19x6. 
The results are shown in T a b le  I V  and on C h a rt N o. 4.

t e r  a t  V a r i o u s  D e p t h s

T h e therm ocline is v e ry  sh arp ly  defined a t 22 ft. 
depth. B etw een  22 ft. and 23 ft . there w as a differ
ence of 8° C ., whereas for each fo o t ab ove and below  
these points th ere w as only fraction s of a degree differ
ence. O ther changes were more sh arp ly  m arked. 
T h e oxygen  cu rve dips deeper below  th e  therm ocline 
and is n early  exhausted  a t th e b ottom . T h e free 
carbonic acid  has grea tly  increased a t th e bottom  
accom panied b y  high color, free am m onia, nitrite,
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and am orphous m atter. . M icroscopic organism s h ave 
greatly  increased above the therm ocline and som e
w hat below , the curve conform ing to  the tem pera
ture curve v e ry  closely. Free am m onia showed 
certain  changes also, increasing from  zero at th e  surface 
to a m axim um  ju st below  the therm ocline, reducing 
again to  a m inim um  at point of draught (105 ft.) 
and increasing again  to th e bottom . N itrite  and 
n itrate showed a slight increase from  top to  b ottom .

F or th e first tim e B. coli appeared in  both  sam ples 
above the therm ocline, also a t mid depth and a t bottom . 
T h e num erous regular sam ples taken  of th e effluent 
h ave, how ever, on ly a few  tim es g iven  a p o sitive  test 
for B . coli in 10 cc.

A n other odd feature is a sligh t rise in tem perature 
a t th e b otto m , p rob ab ly  due to  earth tem perature. 
W hile n ot sufficient to  cause overturn ing in th e quiet 
w ater of th a t depth, this p rob ab ly  accounts for the 
gradual increase during th e sum m er in th e tem pera
ture of the w ater below 75 ft. depth.

On A ugust 31, 1916, another set of sam ples was 
taken. T h e results are show n in  T a b le  I V  and on 
C h art N o. 5. T h e therm ocline is sh arp ly  form ed at 
23 ft. depth. T h e oxygen  dip below th e  therm ocline 
and a t th e b otto m  is strikin g. T h is is accom panied 
b y  h e a v y  am orphous m atter a t b oth  points due to 
th e death of m icroscopic organism s w hich for some 
reason have alm ost disappeared at all depths. P a r
ticu larly  strik in g is the reciprocal relationship betw een 
th e oxygen  and th e free carbonic acid, th e la tter  in
creasing grea tly  ju st below  the therm ocline and ex
ceedingly a t th e bottom . T h e b otto m  sam ple also 
shows an exceedingly high color w ith  accom p an yin g 
high iron. T h e tu rb id ity , free and album inoid am 
m onia, am orphous m atter, oxygen, and free carbonic 
acid all show  the effect of stagn ation  and leach in g of 
the bottom .

T h e album inoid am m onia decreased from  th e sur
face to  the point of draught and then  increased to  the 
bottom . T h e am orphous m atter increased from  the 
surface to  the sam ple ju st below  th e therm ocline, 
where oxygen is low, then  decreased, to  increase again 
a t the bottom .

T h e w ater was in sa tisfa cto ry  b acteriological con
dition throughout.

T h e increase in tem perature a t th e  b ottom , extending 
for 15 ft ., is again noticeable.

In  conclusion atten tion  is called to the fa ct th a t, 
although the reservoir was recen tly  filled, draught 
was begun alm ost at once and all through th e sum m er 
deep draught has been m aintained a t 5° ft. from  the 
bottom . T h e w ater obtained has been clear, cold 
(43 0 F .), free from  B . coli and low  in bacteria. M icro
scopic organism s have been avoided, although h e a v y  
grow ths have occurred a t the surface of a  ty p e  pro
ducing on d ecay disagreeable pig-pen odors. T h e 
w ater has also contained abun dan t oxygen. T h e 
draught of 27 to  30 m. g. d. has had no effect w hatever 
on th e w ater in the R eservoir. Sim ilar results w ith 
larger d raught have been obtained a t C roton  L ake for 
several years.

T h e fa ct of continuous w inter circulation  is also

em phasized although the d ata  here presented in con
nection w ith K en sico R eservoir is not as com plete as 
it should be.

T h e  progressive changes in ch aracter of the w ater 
a t various depths accom p an yin g th e form ation  of th e 
therm ocline have been strik in g. Ju st below  the 
therm ocline and a t th e b otto m  oxygen  has dim inished 
to  near exhaustion. E lsew here it  has been abundant. 
R edu ction  in oxygen  has been accom panied b y  in 
crease in free carbonic acid, th e  tw o curves being 
recip rocally  opposite in character. T h e free carbonic 
acid  was a t a m inim um  above th e therm ocline, in 
creasing below. M icroscopic organism s increased 
grea tly  w ith  increase of tem perature above th e  th erm o
cline.

A  sligh t increase in tem perature in  th e b o tto m  w ater 
was noticeable, a phenom enon we have never noticed 
elsewhere.

M t . P r o s p e c t  L a b o r a t o r y , D e p a r t m e n t  o p  W a t e r  S u p p l y  

F l a t b u s h  A v e . a n d  E a s t e r n  P a r k w a y  

B r o o k l y n , N e w  Y o r k

IS TH E RECO VER Y OF TH E N ITR O G EN  IN  SEW AG E 
SLUDG E PR ACTICA BLE?1

By W i l l i a m  R .  C o p e l a n d

T h e answ er to  th e question as to  w hether it  is or 
is not practicable to  recover the n itrogen in sew age 
and sew age sludge w ill depend upon three factors:

(1) T h e am ount of n itrogen contained.
(2) T h e cost of recovering and disposing of th e 

nitrogen.
(3) T h e m arket value of th e nitrogen.
Sew age m ay be defined for th e purposes of this 

article as th e liquid  and w ater-borne w astes d ischarged 
into th e  c ity  sewers th rough  drains from  houses, 
buildings, factories and streets, together w ith  m ore or 
less w ater w hich seeps into th e sewers from  the ground.

In v iew  of th e great v a rie ty  of sources and modes 
of collection of such w aste liquors, sew age contains 
a va rie ty  of elem ents th a t change in com position w ith  
the source, season of year, d a y  of th e w eek and hour of 
th e d ay. As nitrogen is an im p ortan t constituen t 
in m any of th e com pounds, such as fecal m atter, urine, 
horse m anure, hair, m eat scraps, etc., in sew age, the 
am ount varies w idely, both  in regard  to  th e portion 
which is dissolved and to  th e portion held in  sus
pension b y  the liquid.

R e co very  of n itrogen, from  th e stan dp oin t of this 
paper, has to  do prin cipally  w ith  th e  nitrogen in sus
pension, because th a t is th e portion  w hich appears in 
th e greatest q u a n tity  in the sludge. T h e  to ta l ob
tained  will v a r y  b o th  w ith  the treatm en t process used 
and w ith  th e vo lu m e contain ed b y  th e  raw  sew age. 
T o  illu strate these points th e  follow ing d ata  are ta k en  
from  M etcalf and E d d y ’s “ A m erican Sew erage P ra c 
tic e ,”  V olum e 3:

T a b l e  I — C o m p o s i t i o n  o p  D r y  S e w a g e  S l u d g e
P e r  c e n t

S o u r c e  o p  S a m p l e  S l u d g e  O b t a i n e d  p r o m  N i t r o g e n

F rank fo rt-am -M ain ........................ P lain sedim entation  2 .85
C olum bus, O hio ............................... Septic ta n k  1.40
E ssen ...................................................  Im hoff ta n k  1.22
P h iladelph ia ................................. .... ImhofT ta n k  1.20
W orcester, M ass .............................  Chem ical p rec ip ita tion  2 .77

* Presented a t  the  53rd M eeting  of the  Am erican Chem ical Society, 
New Y ork C ity, Septem ber 25-30, 1916.
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Som e additional d ata  com piled b y  J. R . M cC lin to ck , 
C on su ltin g  E ngin eer, of N ew  Y o rk , from  published 
reports of other sew age disposal p lants, are g iven  in 
T a b le  II .

T a b l e  I I — A d d i t i o n a l  D a t a  u p o n  t h e  C o m p o s i t i o n  o p  S e w a g e  S l u d g e  

(Basis of 10 P e r cen t M oisture)
P e r  c e n t

S o u r c e  o p  S a m p l e  S l u d g e  O b t a i n e d  p r o m  N i t r o g e n

Brooklyn (W illiam sburg). . . . . . . . .  D ickson (Y east) process 1.4
C olum bus T estin g  S ta tio n ...............  G rit cham ber sludge 1.2

P lain sedim entation  ta n k  1.6
Philadelphia T esting  S ta tio n   P la in  sedim entation  tan k  1.2
Cleveland T esting  S ta tio n ...............  P lain sedim entation  1 .4

Septic tan k  1.3
ImhoiT ta n k  1.2

G loversville T esting  S ta tio n   P lain sedim entation  2 .3
Septic ta n k  2 .2

W orcester M . & E . Vol. I l l     P la in  sedim entation  2 .7
Septic tan k  2 .7

A tla n ta ....................................................  Im hoff tan k  1.5

T h e gist of the d a ta  g iven  in  these tables is th a t  th e 
sludge w hich has been obtained heretofore b y  th e 
best know n processes of sew age trea tm en t contained 
from  1.2 to  3.0 per cen t of n itrogen. T h ese figures 
are low  and show th a t th e  sludge did n ot possess 
as m uch nitrogen as th e am ount contained ■ b y  the 
raw sew age w ould lead  us to expect. T h is condition 
m ay be explained b y  th e fa ct th a t  a large share of the 
colloidal m atter carried b y  th e sew age ran  ou t in th e 
effluent flow ing a w a y  from  th e  ta n k s and took  nitrogen 
w ith it ;  or in th e  case of chem ical p recip itation  w orks 
the lim e added d rove nitrogen off in th e  form  of am 
m onia and d ilu ted  th e portion  rem aining b y  increasing 
the am ount of inert m ineral m atter. M oreover, 
various authors sta te  th a t  from  xo to  60 per cen t of 
th e vo lu m e of th e solids deposited b y  sew age in th e 
sludge digestion cham bers of Im hoff ta n k s and other 
form s of sep tic tanks,- is converted  into  soluble or 
gaseous form . M uch of th e  album inoid am m onia is 
thus changed into free am m onia and free nitrogen 
which escape in th e liquor or b ubble ou t a t th e gas 
vents.

W ithin  th e  last tw o  years, how ever, a new  m ethod 
of sew age purification  b y  th e  so-called “ A c tiv a te d  
Sludge”  process has been tried  ou t in  various cities 
of A m erica  and E n glan d. One of th e  d istin ctive 
features of th is process is th a t  th e  colloidal and sus
pended m atters of th e sew age are collected  in  th e  sludge. 
If this is not reaerated  or overaerated  th e solids are 
not liquefied to  such a large degree as th e y  are in  sep tic 
tanks, and therefore th e  nitrogen does n ot escape.

For exam ple, the digested sludge accum ulates in 
Im hoff ta n k s a t a rate o f from  1 to  10 cu. yds. per 
1,000,000 gals, of sew age treated ; whereas, b y  the 
activated  sludge process 20 to  80 cu. yds. or m ore m ay 
be deposited in th e settlin g  ta n k s, v a ry in g  w idely, 
of course, w ith th e  stren gth  of th e sew age and  the 
w ater conten t of the sludge.

T a b «  I I I — A n a l y s e s  o p  M i l w a u k e e  C i t y  S e w a g e  B e p o r S  a n d  A p t e r  
T r e a t m e n t  b y  I m h o p p  T a n k  a n d  b y  A c t i v a t e d  S l u d g e  

R esults in P a rts  per M illion
v------------ N itrogen  as-------------.

S u s -  A m m o n i a  Or- 
M onth pended A l b u -  ganic N i- Ni-

1915 S a m p l e  M a tte r  F ree  m inoid N  tr i te  tra te
Sew age......................... 253 14 .6  7 .88  29 0 .1 5  0 .13

A u g .  E f f l u e n t :
Im h o H ......................... 105 16 .2  6 .1 0  27 0 .1 9  0 .13
A ctivated  s ludge.. . .  14 3 .8  3 .1 9  6 0 .2 9  6 .0 0
Sew age......................... 300 13.5 8 .81  29 0 .2 5  0 .1 4

Sept. E f f l u e n t :
Im hoff.......................... 116 15.4 7 .1 0  27 0 .1 2  0 .0 9
A ctivated  s lu d g e ... .  8 5 .7  2 .22  9 0 .2 4  5 .01

T h e M ilw au kee sew age testin g  station  carried on a 
series of experim ents during th e sum m er of 1915 
where the c ity  sew age w as treated  b y  th e Im hoff and 
a ctiv a ted  sludge processes sim ultaneously. A n alyses 
of th e sew age effluents and sludges are g iven  in 
T ab le  II I .

Sam ples of digested sludge from  th e Im hoff ta n k  
and of th e  fresh a ctiv a ted  sludge were also collected  
and an alyzed  in A u gu st and Septem ber. W hile it 
is not correct to sa y  th a t these sludges represent all 
of th e raw  sew age passed through these ta n k s during 
A u g u st and Septem ber, it  is fa ir to  assum e th a t th e y  
are ty p ic a l of the sludge w hich w as being produced 
b y  those processes a t th a t season of th e year. T h ere
fore, th e  analyses of th e sludges are given  in T a b le  
I V .

T a b l e  I V — A n a l y s e s  o p  S a m p l e s  o p  I m h o p p  a n d  A c t i v a t e d  S l u d g e s  
O b t a i n e d  p r o m  M i l w a u k e e  S e w a g e  

D a t e  N i t r o g e n  R e p o r t e d  a s  N H *  o n  a  B a s i s  o f
1915 S a m p l e  S l u d g e  D r i e d  t o  10 P e r  c e n t  M o is t u r e

A u g .  I m h o f f  s l u d g e ................. .................. 2 .87  3 .8 2
A c t i v a t e d  s l u d g e ............................. 5 .71  4 .9 7  7 .04

S e p t .  I m h o f f  s l u d g e .................................... 3 .8 8  8 .69
A c t i v a t e d  s l u d g e ............................  8 .69  9 .0 0

T h e d ata  given  in T a b le  I I I  show  som e in terestin g 
fa cts. F o r exam ple, th e  Im hoff effluent contained on 
an average m ore th a n  100 pts. per m. of suspended 
m atter, w hereas th e  effluent from  th e  a ctiv a ted  sludge 

. process contained on ly  abou t 10 p. p. m .; th e Im hoff 
effluent contained more free am m onia th a n  th e raw  
sew age, whereas th e a ctiv a ted  sludge effluent contained 
on ly  one-third as m uch. T h e  Im hoff effluent contained 
alm ost as m uch album inoid am m onia as th e raw 
sew age, w hereas the a ctiv a te d  sludge effluent con
tain ed  o n ly  abou t one-third as m uch. T h e Im hoff 
effluent contained alm ost as m uch organic nitrogen 
as th e  raw  sew age, w hereas th e a ctiv a ted  sludge con
ta in ed  on ly  one-third as m uch.

W h a t becam e of th e n itrogen carried b y  th e  sewage?
E v id en tly  m ost of th e nitrogen in the sew age treated  

b y  th e  Im hoff ta n k  passed out in th e  suspended and 
collo idal m atters carried b y  th e effluent.

T h e a ctiv a ted  sludge process, on th e other hand, 
converted  th e free am m onia into  n itrate  and stored 
up th e undissolved  album inoid am m onia and organic 
n itrogen, as in dicated  b y  th e large am ount of n itrate 
in th e  effluent and high nitrogen conten t of th e ac
tiv a te d  sludge.

In  short, analyses of th is m aterial when d ry  show 
th a t a ctiv a ted  sludge contains from  4 to  4V2 per cent 
of n itrogen, and sludge from  certain  in dustria l p lants 
such as p ackin g houses m ay carry  even  more.

W hen it  com es to  recoverin g th is n itrogen, how ever, 
we m eet w ith  a serious d ifficu lty, because as th e  sludge 
gathers in the settlin g  tan ks it  contains from  98 to 
99 per cent of m oisture and th e  b ulk  of th is w ater m ust 
be rem oved before th e  d ry  m aterial can be sold for 
fertilizer.

Several m ethods of dew atering th e sludge h ave been 
tried , such as settlin g , passing th e  m ixture through 
cen trifugal m achines, pressing and dryin g.

T h e  best inform ation  now a vailab le  points to  a 
com bin ation  of settlin g  and decantation  as a prelim 
in a ry  process. B y  this m eans th e w ater will be cu t



376 T H E  J O U R N A L  OF I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 9, No. 4

dow n from  abou t gg to 96 per cent. On passing th e 
concen trated  residue through a press th e m oisture can 
be cu t dow n to  75 per cent. T h e press cake can be 
dew atered in a dryer to  10 per cent m oisture or less.

M ore th a n  th ir ty  sam ples of a ctiv a ted  sludge have 
been dew atered b y  sedim entation, decantation  and 
pressing a t M ilw aukee.

I t  is an interestin g and notable fa ct th a t tw o  different 
typ es of press can handle th e settled  sludge w ithout 
requiring th e addition  of lim e. M a n y  experts and 
m anufacturers of presses have held heretofore th a t 
sew age sludge could not be pressed ad van tageou sly  
w ith ou t lim e because of the gu m m y or gelatinous 
n ature of th e  colloids in the sludge; b u t th e  fa cts  re
m ain th a t the sludge is not as gu m m y as w as expected and 
it  presses fa irly  easily  down to  75 per cent of m oistu re.

In  order to  tr y  out the feasib ility  of fu rth er de
w atering the sludge four sam ples of th e press cake 
were sent to  fertilizer p lants and dried  there on a com 
m ercial scale. Three of these tests were m ade in a 
steam  jack ete d  (indirect heat) dryer and one in a 
sem i-direct heat dryer.

In  each case th e tests proved to  be successful from  
three standpoints:

1— T h e sludge dried readily  to  a satisfa cto ry  m e
chanical condition.

2— T h e processes did n ot require m uch power.
3— L ittle  nitrogen, if an y, was driven off or lost b y  

drying.
F rom  th e m echanical stan dp oin t, therefore, th e re

co v e ry  of nitrogen in sew age sludge is practicable.
W ith  regard to  th e question of cost, how ever, the 

situ ation  a t th e tim e of w ritin g is not so clear. T h e 
pieces of apparatu s used for settlin g  th e  raw  sludge 
and d ryin g th e press cake were n ot designed to  handle 
a ctiv ated  sludge in th e m ost econom ical m anner, 
b u t were requisitioned as being the best com m ercial 
apparatu s a vailab le  a t the tim e.

B y  com paring the b ehavior of a ctiv a ted  sludge w ith 
such m atters as p ackin g house ta n k a ge I estim ate th a t 
th is sludge can be dew atered  so th a t th e recovery  of 
th e nitrogen in it w ill p rob ab ly  cost upon present 
evidence abou t $8.00 to  $12.00 per ton  of m aterial 
containing 10 per cen t of m oisture, depending upon 
a v a rie ty  of local factors. These figures are intended 
to  .cover interest charges, depreciation, repairs and re
newals, and a liberal provision for labor and fuel, 
as well as th e cost of resettling and decanting of th e 
w ater of th e original sludge, and expenses for handling, 
freighting, and m arketin g th e finished product. O b 
vio u sly, th e  total cost per ton  will be som ew hat more 
in th e case of a sm all p la n t th a n  for a large one. F or 
a  v e ry  large p lant, where fuel and labor are re lativ e ly  
cheap, it is possible th a t further experience will reduce 
the cost below  th e low er lim it in the range here given.

T h e dried sam ples of sludge wrere a n alyzed  and the 
d a ta  obtained  are given  in T a b le  V .

T a b l e  V — A n a l y s e s  o f  C o m m e r c i a l l y  D r i e d  A c t i v a t e d  S l u d g e  
Basis of 10 P e rc e n t M oisture

P er cent of
Sam ple C harac te r N itrogen  as Available

No. of D rye r A m m onia Phosphoric Acid
1 Sem i-D irect H eat 4 .3 6  0 .7 0
2, 3 & 4 In d irec t H e a t 4 .7 6  4 .5 6  5 .0 6  0.81 0 .47  0 .3 9

Average of 4 Sam ples 4 .68 0.57

These analyses m ay be supplem ented b y  th e fo llow 
ing tests:

T a b l e  V I— A d d i t i o n a l  A n a l y s e s  o f  A c t i v a t e d  S l u d g e  P r e s s  C a k e

P e r cen t of N itrogen 
D a te  of C alculated  to  A m m onia

Collection (B asisof 10 P e rc e n t M oisture)
M ay  3, 1916.......................................................  5 .74
June  20, 1916.......................................................  4 .65
Ju n e  13. 1916.......................................................  4 .88
Ju n e  14, 1916.......................................................  4 .92
June  16, 1916.......................................................  5.01

T h e d ata  obtained a t M ilw aukee as cited  in T ables 
V  and V I  indicate th a t  dry a ctiv a ted  sludge (basis of 
10 per cent m oisture) will contain  4.6 to  5 per cent of 
nitrogen figured as am m onia and 0.6 to  0.7 per cent of 
availab le  phosphoric acid. In  addition  to  th is our 
d ata  show  th a t th e d ry  product contains abou t V< 
to  y 2 per cent of potash  and from  3 to 4 per cent of 
fa t ty  m aterial. A t  present prices th e nitrogen is 
w orth $2.50 per un it (or per cen t). In  norm al tim es 
this nitrogen w ould be w orth  abou t $2.00 per unit. 
T h e phosphoric acid  is w orth  abou t $0.50, and th e 
potash m ay be w orth som ething in th e future, although 
th e best th a t can be said of it  at present is th a t it  w ill 
assure for the fertilizer a more ready sale.

T h e  fa t present in th e  M ilw aukee sludge is negligible. 
I t  w ould not p a y  to recover th e fa t nor w ill th e fa t injure 
th e  selling qualities of th e dried sludge.

SUM M A R Y

Sum m ing the whole situation  up, then, we see th a t 
th e dried sludge has a m arket va lu e  upon present 
figures of $9.00 to  $13.00 per ton  of m aterial con
tainin g 10 per cent m oisture. T h e  to ta l cost of gettin g  
this product and placin g it  on th e m arket will p rob ab ly  
run from  $8.00 to $12.00 com m ercially  per d ry  ton, 
depending upon local conditions. F or large plants 
this cost m ay possibly be reduced as a result of further 
experience.

T h e a ctiv a ted  sludge containing 4 per cent or more 
of nitrogen is m uch nearer a com m ercial possibility 
th an  th e sludges obtained b y  th e older m ethods of 
treatm en t, such as chem ical precip itation , sep tic tanks, 
or th e Im hoff process, w hich the d a ta  g iven  in  T a b le  I 
indicate to  contain on ly  i 1/* to  3 per cent of nitrogen.

In  case th e  question arises as to  th e possib ility  of 
finding a m arket for the dried a ctiv a ted  sludge, it 
should be added th a t raw  m aterials contain ing nitrogen, 
phosphoric acid  and potash are capable of being w orked 

'up readily  as a base for m aking high-grade fertilizers, and 
as th e y  are not v e ry  plentiful th e y  are in good dem and.

P resum ab ly, how ever, large cities such as N ew  Y o rk , 
C hicago, etc., b y  in stalling this a ctiv a ted  sludge process, 
would produce so m uch raw  m aterial of this character 
th a t th e product would h ave to be parcelled out am ong 
a num ber of m anufacturers. I t  is even possible th a t 
the production m ight be sufficient to  reduce th e  price.

H ow ever, th e dried sludge is a good fertilizer just 
as it  "stands and contains enough va lu e  to  p a y  for 
sale and distribution  in quite a large local m arket.

T h e d ata  given  in th e preceding pages indicate, 
therefore, th a t  th e  recovery  of th e nitrogen in sewage 
sludge has a t last been brought w ithin  th e  range of a 
com m ercially  practicable problem .

S e w a g e  T e s t i n g  S t a t i o n  

M i l w a u k e e , W i s c o n s i n
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STO R AG E R ESER VO IR S AS A FA CTO R  IN TH E 
PU RIFICATIO N OF SURFACE W A T E R S1

B y  S . T . P o w e l l

T he im pounding of surface w aters in  storage reser
voirs has been p racticed  for years, b u t the prim ary 
o b ject of such  treatm en t has been th e conservation  of 
the supplies or th e ph ysical im provem ents to  the 
w ater to  be derived  from  sedim entation. U ntil 
w ithin a few  years past ve ry  little  w as know n  concern
ing th e hygien ic im provem en t th a t  takes place in 
w ater retained in storage basins. D r. S ed gw ick2 
made note of th is fa ct in a paper which he read before 
the N ew  E ngland  W ater W orks Association. He 
pointed out th a t it was b u t fifteen years ago th a t 
he ad van ced  th e  th eo ry  th a t it  was in "sta g n a n t”  
rather th a n  in running w ater th a t the greatest b a c
teriological purification  takes place. A t  th a t tim e 
this statem en t caused considerable discussion on 
accoun t of th is seem ingly radical th eory. Since 
th a t tim e so m uch has been learned concerning th e 
chem ical and bacteria l efficiency of storage reser
voirs th a t  it  is im probable th a t a n y  sanitarian  would 
a ttem p t to  disprove th is general statem ent.

For a tim e a num ber of cities in th is cou n try  de
pended w holly  upon this m ethod of purification but, 
as stated  b y  M r. G eorge W . F u lle r,5 “ this m ethod is 
expensive and seldom  tried  a t presen t.”  W ith  our 
present know ledge of w ater trea tm en t, aside from  the 
econom ic stan dp oin t, it  is doub tfu l if the public w ould 
be con ten t w ith  th is form  of purification  as a com 
plete or sufficien tly  safe one. Considered m erely as 
an ad ju n ct to  filtration  or sterilization  prelim in ary to  
such treatm en t, storage reservoirs are p articu larly  
efficient and th e purification  to  be derived  in th is w a y  
far outw eighs certain  d isadvan tages th a t are a t tim es 
encountered in  th e course of storage. I t  is in respect 
to a consideration of th e  value of stored w ater as a 
prelim inary m ethod of purification prior to  ozone 
sterilization  th a t it  is dealt w ith  in th is paper.

D uring th e  past fifteen m onths th e w riter has been 
afforded an o p p ortu n ity  to stu d y  conditions in th e 
Herring R u n  storage reservoirs used in connection 
with the ozone p lan t of the B altim ore C o u n ty  W ater 
and E lectric  C om p an y. T h e raw  w ater su p p ly  is 
obtained from  H erring R un , a sm all stream  which 
flows through  a rath er th ic k ly  populated  d istrict in 
B altim ore C o u n ty  a d jacen t to  B altim ore C ity .

Previous to  ozonization  th e raw  w ater is stored in 
tw o shallow  reservoirs holding a p p roxim ately  e ig h ty  
million (80,000,000) gallons, p erm ittin g abou t a 3-weeks 
storage period. These reservoirs are used in tandem , 
the w ater flow ing from  th e  first to  th e second basin 
through an ou tlet cham ber w ith  gates at different 
levels so as to  draw  th e  w ater from  near th e surface 
a t all tim es. Since u n dertak in g a s tu d y  of conditions 
th at exist in these reservoirs w eekly  sam ples of the 
raw w ater and of the effluent h ave been m ade. T h e 
results obtained, p a rticu la rly  th e bacteria l d ata, are

1 P resented  a t  the  53rd M eeting  of th e  A m erican Chem ical Society, 
New Y ork C ity, Septem ber 25 to  30, 1916.

1 Dr. W m. T . Sedgwick, “ W ater Supply  San ita tion  in th e  N ine teen th  
and T w entie th  C enturies.”  N . E . W . W . Assoc., 1916.

* Geo. W . Fuller, “ T he Purification of W ater from  S tandpoin ts  O ther 
than the H ygienic A spect,” Trans. 15th Congr. Hyg. and Demography, 1912.

of unusual interest, considering th e fa c t th a t th e reser
voirs are q uite shallow , averagin g p rob ab ly  less than  
io  ft . in depth, and th a t th e period of storage does 
not exceed 3 weeks.

T h e ph ysical and chem ical im provem en t to  the 
w ater passing th rough  these basins has been quite 
m arked a t all seasons of th e year, b u t these rem ovals 
h ave in no sense been abnorm al. T h ere has been an 
average reduction  in  tu rb id ity  of 14.2 per cent during 
th e period covered b y  these tests, w ith  a m axim um  
rem oval of 35.3 per cent during Ju ly, 19x5. T h e effi
ciency of storage here in  respect to  th e rem oval of tu r
b id ity  has not been as great as a t other places w ith  th e  
sam e detention  period. T h is is due to  the fa ct th a t 
during periods of high w ater, w hen th e raw  su p p ly  
contains th e  greatest am ount of suspended solids, th e 
influent gates have been closed and th e necessary daily  
pum page has been draw n from  storage. T h e rem oval 
of th e color effected b y  these reservoirs has been m arked, 
averagin g 15.0 per cent, b u t con trary  to exp ectation  
th e greatest color reductions h ave been in th e spring 
and fa ll and not during th e sum m er m onths as has 
u su ally  been  noted b y observers in stu d yin g  th e b leach 
ing effect of su n ligh t upon stored w ater. T h e greatest 
bleaching effect is n orm ally  to  be obtained  during the 
w arm est m onths of th e  year, on accoun t of th e  more 
a ctiv e  oxidation  of th e  organic coloring m atter and b y  
th e d irect decolorizing effect of th e  sunlight. S tearn s,1 
in stu d y in g  these conditions in ten  reservoir supplies 
of B oston, reported  color reduction  of from  9 to  69.5 
per cent for periods of from  one to  nine years. L ow  
color reductions were claim ed b y  M r. Stearns to be 
due to  “ color absorbed from  reservoir beds”  and th is 
in a m easure offsets the norm al decolorization  due to 
storage.

T h e reason th e color reduction  has been less here 
in sum m er is believed to  be due not en tirely  to  the 
absorption  of organic substances in th e  reservoir 
bottom s b u t to  th e  fa c t th a t  during th e sum m er 
m onths th e algae grow ths are a lw ays prolific. M a n y  
of these grow th s2 are ch lorophyll-bearin g organism s 
and, due to  d isintegration, th e chlorophyll is scattered  
th rou gh ou t th e  w ater and th is tends to  lessen th e 
bleaching effect of th e  sun light. In addition  to  re
d uction  in color and .tu rb id ity  there has been con
sistent rem oval of organic m atter from  th e w ater as 
shown in T a b le  I.
T a b l e  I — S h o w i n g  I ’ e r c e n t a g e  R e m o v a l  o f  C h e m i c a l  C o n s t i t u e n t s  

D u e  t o  S t o r a g e  i n  t h e  H e r r i n g  R u n  R e s e r v o i r

P e r c e n t a g e
C o n s t i t u e n t s  R e m o v a l

C olor............................................................................................. 15.0
T u rb id ity ....................................................................................  14.2
T o tal R esidue............................................................................ 6 .5
Volatile M a tte r ......................................................................... 9 .9
M ineral R esidue ....................................................................... 5 .4
Consum ed O xygen..................................................................  20 .5
T o ta l I ro n ................................................................    20 :9
Free A m m onia.........................................................    10.1(a)
A lbum inoid A m m onia............................................................ 8 .2 (a)

(a) T hese determ inations have not been m ade th ro u g h o u t th e  entire  year.

T h e ph ysical and chem ical im provem en t to  be 
gained b y  storage cannot be discounted, y e t  the 
h ygien ic  b etterm en t derived  b y  th e  d im inution  of the

1 R alph  H . S tearns, “ Decolorization of W ater by  S torage,”  N . E. 
W . W . Assoc., 1916.

* S. T . Powell, “ T he Effect of Ozone on Algae G row ths,” A . W . W . 
Assoc., 1914.
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bacteria l count is of far greater va lu e. T h e  careful 
and exh au stive studies of D r. A . C . H ouston of th e 
M etropolitan  W ater B oard  of London has clearly  
dem on strated  th e fa c t th a t b y  storage alone a v e ry  
high percentage of th e b acteria  can be rem oved.

T h e  b acteria l reduction  obtained  in  the H erring 
R u n  reservoirs has been q uite high, b u t th e  efficiencies 
h a ve  varied  w ith  th e  seasons. T h ere has been a 
d irect relationship betw een th e atm ospheric tem pera
ture and the efficiency of these reservoirs in th e  elim ina
tion  of th e b acteria  grow ing a t 20° C . F rom  F ig . I 
it  w ill be seen th a t  th e  greatest bacteria l rem oval w as 
during Ju ly , when th e  average tem peratu re was th e 
highest during the year. From  th en  on there was a 
gradual and uniform  fallin g off in th e b acterial efficiency 
until Jan u ary, when th e sudden rise in tem perature 
was follow ed im m ed iately  b y  an increased efficiency 
in th e  percentage rem oval of this ty p e  of bacterium . 
I t  w ill be noted also from  Fig. I I  th a t  th e destruction

in th e  rem oval of these ty p e s w as considerably less 
th a n  for th e  sa p ro p h ytic  bacteria . T h is condition 
has been noted b y  H ouston ,1 D on  and C hisholm 2 and 
others, and explained b y  th e  fa ct th a t  in sum m er the 
activ e  grow th  of th e saproph ytes creates an en viron 
m ent an tagon istic  to  th e  life of th e  blood tem p era
tu re  germ s. R e ce n tly  th e w riter has m ade series of 
tests in th e  lab o rato ry  w hich tend  to  show  th a t th e 
rate  of rem oval of th e  38° bacteria , and p a rticu la rly
B. coli form s, is fa r more rap id  in th e  presence of active  
grow ths of saproph ytes th a n  w here such organism s 
are absent from  th e  w ater.

N um erous theories h a ve  been ad van ced  to account 
for th e beneficial effect to  surface w aters b rou gh t abou t 
b y  storage. T h ere is a general consensus of opinion, 
how ever, th a t th e  purification  effected  is due to no 
single cause b u t to  th e  com bined results of eq u a liza 
tion, sedim entation  and inan ition  or d evitalization  
of th e  bacteria . T h e a d visa b ility  of retaining surface

Fio. 11- - P b r c b n t a g b  R s m o v a i .  oi? 3 8 °  C . B a c t e r ia  E f f e c t e d  b y  S t o r a g e  R e s e r v o i r  a t  H e r r i n g  R o n  i n  C o m p a r is o n  w i t h  t u b  A v b r a g b

M o n t h l y  T e m p e r a t u r e s

of 38° b acteria  appears to  be less affected  b y  tem pera
ture changes th an  th a t of th e 200 organism s.

I t  is in terestin g to  note th a t during th e  sum m er 
m onths th e  percentage rem oval of blood tem perature 
m icrobes w as greater th an  200 bacteria , b u t during the 
colder m onths th e  grow th of these organism s was 
more persistent and th e efficiency of th e reservoirs

w aters in storage reservoirs to  a condition  of s te rility  
in  respect to  th e  pathogen ic b acteria  th e supplies m ay 
contain  is an un certain  and questionable procedure

1 D r. A. C. H ouston, “ T he Purification of W ater by  S torage,”  Trans. 
15th Congr. Hyg. and Demography, 1912. The Eighth A nnua l Report o f the 
Metropolitan W ater Board o f  London, 1914.

* Don an d  Chisholm, “ M odern M ethods of W ater Purification ,”  
1913.
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from  an econom ic as well as p ractical view poin t, 
b u t th e b acteria l reduction  produced b y  com p aratively  
short detention  periods prior to final purification  b y  
means of filtration  or sterilization  w ith  chem icals 
has m uch to  appeal to th e  p ractical side of th is ques
tion. T h e p oten t a d van tages in  fa v o r  of such pre
lim in ary trea tm en t are th e  reduction  of all form s of

bacteria l life, b u t p a rticu la rly  th e rem oval to a v e ry  
large exten t of th e  pathogen ic germ s, and th e general 
ph ysica l and chem ical im provem en ts of th e  w ater 
ensuring more uniform  control and econom ical operation 
of the final purification  system , due to th e equalizing 
effect th a t  reservoirs of th is ty p e  produce.

100 W . F a y e t t e  S t r e e t  
B a l t im o r e , M a r y l a n d

LABO RATO RY AND PLANT
AN EX PER IM EN T IN  T H E  EDU CATIO N OF CH EM ICAL 

E N G IN E E R S1

THE TW E N TY-FIFTH  AN N IVERSARY OF TH E AUDUBON 
SU GAR SCH O O L

B y  C h a r i .  1:3 E .  C o a t b s

In  these days of preparedness, th e  train in g of chem ical 
engineers has ta k en  on a consequence w hich is in terest
ing b oth  to  th e college and th e co u n try  a t large. T h e 
part w hich th e  chem ist has p layed  in m odern develop 
m ent, we h a ve  know n in a w ay  for som e years, of 
course, b u t we are appreciatin g now as never before, 
the v ita l and im p era tive  im portance to  our nation 
of a b o d y  of men w ho cannot on ly d iscover chem ical 
principles b u t can also ap p ly  them  in d u stria lly .

A t  th e sam e tim e, it has been gen erally  acknow ledged 
th a t college courses in C hem ical E ngin eerin g have 
hitherto been lack in g in som e essential ingredient.. 
Num erous efforts h a ve  been m ade to  rem edy th is 
sta te  of affairs. A m ong th e m ost recent are th e  in
dustrial fellow ship system  of th e M ellon  In stitu te  
and th e  plan  la te ly  outlin ed b y  th e  M assachusetts 
In stitu te  of T ech n ology, accounts of w hich h ave 
appeared in T h i s  J o u r n a l . T h e E nglish  journals 
are fu ll of new  schem es for th e  train in g of chem ical 
engineers; indeed p ra ctica lly  all th e larger schools 
have changed such courses m ateria lly  w ith in  th e past 
few  years. In  v iew  of th is and inasm uch as experience, 
after all, is th e on ly  safe guide in the. ju n gle  of edu
cational th eory, it  has been th o u gh t th a t  a brief 
sketch of the origin and  developm ent of th e A udubon  
Sugar School m ight n ot be u n tim ely.

Few  people realize how  v e ry  largely  th e sugar 
industry of to -d a y  is a chem ical in d u stry. A  little  
over a cen tu ry  ago, when sugar was first m ade from  
beets, th e root w as low  in sucrose and the process gave 
a  poor y ie ld  of an inferior, grade of sugar w ith  an a l
most valueless m olasses. T h e  chem ist and th e  agrono
mist, w orkin g together, s low ly  raised th e sucrose 
content of th e  beet root u n til it  was m ore th a n  doubled; 
the chem ist and engineer, w orkin g together, slow ly 
im proved th e processes un til a  good y ield  of sugar 
was turned out, p ra ctica lly  pure, and both  th e m olasses 
and all th e  other b y-p roducts becam e sources of profit 
and not of loss. In  consequence th e  n et cost of beet 
sugar fell year b y  year un til it  becam e a serious com 
petitor of cane sugar and, fin ally, it  was offered a t 
prices closely approaching th e cost of cane sugar 
production.

The sugar planters of L ouisiana, as a class, are cer-
1 Presented a t  the  53rd M eeting  of th e  A m erican Chem ical Society, 

New York C ity , Septem ber 25 to  30, 1916.

ta in ly  am ong th e m ost in telligen t agricu ltu ralists in 
A m erica. Seeing th e  increasing g ra v ity  of th e s itu a 
tion, th e y  decided to  m eet th e  com petition  of beet 
sugar b y  the sam e m ethods w hich m ade th a t  com 
petition  possible. In  th e  la te  eighties th e y  called 
to  L ouisian a D r. W . C . S tu b bs and established, under 
his d irection, th e Sugar E xp erim en t Station  a t K enner, 
Louisian a, w hich w as sub seq uen tly  m oved to  A udubon  
P ark , on the ou tskirts of N ew  Orleans. T h is station  
w as financed en tirely  b y  the planters of Louisiana. 
A  com plete sugar house w as erected  on a scale large 
enough to  g ive  com m ercial results, and altogether, 
perhaps $100,000 w orth  of equipm en t was obtained 
either b y  purchase or gift.

As soon as th e w ork w as fa irly  under w a y, it  becam e 
ev id en t th a t  there were m any leaks in  th e  sugar in 
d u stry  as carried on in L ouisian a and th a t  these 
could be stopped b y  proper scien tific control. B u t 
when th e planters b egan  to look for chem ists and 
engineers, th e y  were sim p ly  n ot to  be obtained. Up 
to  th a t  tim e, th e  cane sugar in d u stry  th rou gh ou t 
th e  w hole w orld had  been carried on large ly  b y  rule of 
thum b. F ew  men scien tifically  train ed  in sugar 
chem istry were to  be foun d outside of E urope. In  
1890, therefore, at a m eeting of the L ouisian a Sugar 
P la n ters ’ A ssociation , it  was decided to  establish, 
in connection w ith  th e  Sugar E xp erim en t S tation , a 
school for th e  train in g of experts in sugar w ork. T h is 
was placed under the direction of D r. S tub bs and was 
opened in 1891 as th e A udub on  Sugar School. So 
fa r as I know , th is w as th e  first instance in A m erica  
in w hich a n y  in d u stry  established both  laboratories 
for th e  scientific in vestigation  of its  problem s and a 
school for th e college train ing of men to  p u t th e  th eo ry  
into  practice.

P O S T -G R A D U A T E  C H A R A C T E R  O F W O R K

As first outlin ed, th e A udub on  Sugar School was 
inten ded to  appeal m ain ly  to  graduates of schools of 
engineering, and th e course w as d istin ctly  post-graduate 
in  character. T h e  fa c u lty  was com posed of som e of 
th e  ablest men in th e  cou n try , special stress being la id  
on research w ork. I t  soon becam e evid en t, how ever, 
th a t  th e num ber of college graduates w ho appreciated  
th e opportunities in  th e  sugar in d u stry  w as q uite 
sm all, and th a t  th e  dem and for train in g cam e m ain ly  
from  men who h ad  n ot received v e ry  m uch under
gra d u ate  train ing. M oreover, th ere were a num ber of 
applican ts from  trop ical countries, whose prelim inary 
studies had been of such a ty p e  as to  m ake it  im 
possible for th em  to  ta k e  u p, successfu lly, th e a d van ced
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scientific w ork offered in the- Sugar School. A t  the 
outset, therefore, th e greater num ber of students 
were special students, v e ry  un-uniform  in  educational 
training, w hich, of course., handicapped th e school 
m aterially. T h e course was tw o years in len gth , 
classes were held a t the E xp erim ent S tation , and 
during the sugar season th e students did th e  actual 
w ork in th e fields, in th e lab oratory , and in th e  sugar 
house.

T h e school w as successful from  th e  ou tset and, in 
a couple of years, more students were a p p ly in g for 
adm ission th a n  could w ell be accom m odated. In  
th e m eantim e th e Sugar E xp erim en t S tation  w as ta k en  
over b y  th e S tate  of Louisian a as p art of th e  L ouisian a 
S ta te  U n iversity , and th e P la n ters ’ A ssociation  w ith 
drew its financial support. W ith  lim ited  funds, th e 
increasing dem ands upon its staff along pu rely  re
search lines, and th e grow ing m agnitude of its  routine 
w ork, th e Station  found it  im possible to  handle students 
also. In  1896 th e  school was, accordin gly, incorporated  
w ith  th e  L ouisian a S ta te  U n iversity , preserving

th e nam e b y  w hich it  h ad  becom e know n. In  1908 its 
num erical im portan ce -was such th a t  it was reorganized 
as a college of th e U n iversity .

From  th e first th e w riter and his colleagues 
were given  a free hand b y  President B o yd  in 
form ulatin g the course of stu d y , and changes were 
m ade yea r b y  year as experience or circum stances 
d ictated . A s th e  instruction  w as now given  b y  
th e regular u n iversity  staff, th e stu d en ts were, 
of n ecessity, ordinary college students, su b ject to  
th e college entrance requirem ents. M oreover, as 
th e  chem ical, m echanical, and agricultural sub jects 
h a vin g  to  do w ith  sugar tech n ology had to  be based 
upon chem istry, physics, m athem atics and th e  b io
logical sciences, it  w as n ecessary to  require these 
sub jects of all those ta k in g  up th e pu rely  sugar w ork. 
T h e enforcem ent of these tw o regulations w orked, 
a t  th e beginning, to  elim inate a num ber of applicants 
whom  th e  U n iv ersity  w ould h ave been glad to  w elcom e, 
if possible. T h e y  were, for the m ost p art, men of 
m a tu rity , from  25 to  40 years of age, who had had

previous experience in sugar house w ork, and were 
anxious to  supplem ent their experience w ith  a certain  
am ount of th eory. F or several years th e U n iv ersity  
received these men as special students, b u t it soon 
becam e evid en t th a t, in sp ite of their lau d ab le  am 
bition, th e y  were, in nine cases ou t of ten, m erely 
w asting their tim e. T h e y  were ta u g h t certain  th in gs 
in a m echanical w ay, such, for instance, as how  to  
polarize sugar, b u t th e y  did n ot kn ow  th e  principles 
on w hich these th in gs depended and their studies did 
n ot lead  th em  anyw here. T h e y  were deceiving 
them selves in th in kin g th e y  were stu d yin g  sugar chem 
istry  when th e y  were m erely becom ing chem ical 
m echanics. O n ly after it  w as too la te  did th e y  recog
nize th e necessity for th e foun dations and th e fu tility  
of short cuts to  learning. From  th e  beginning, th e 
w riter counselled these men against their under
ta k in g , b u t, as th e y  were ordinarily  both  intelligen t 
and self-confident, he could n ot keep th em  from  
follow ing their ow n ideas. F in a lly , th e  advanced  
courses were closed to  students of th is ty p e . W e 
expected  some criticism  a t first, b u t none cam e. T h e 
questions which were asked b y  certain  men as to  w h y 
th e y  could n ot be ad m itted  were rea d ily  answ ered 
to  their com plete satisfaction.

A s men of th is class present, co llective ly , a problem  
of a general nature, I m ay sa y  here th a t  I do not 
b elieve th a t it  is possible to  receive them  in th e sam e 
classes w ith  th e ord inary college student. T h e la tter  
is presupposed to  have a certain  fa irly  uniform  prep ara
tion  for his w ork; th e prep aration  of th e form er, on 
th e other hand, is alm ost a lw ays in ad eq u ate and m uch 
has been forgotten  of w h at had once been know n. 
T h e college student, therefore, can be ta u g h t in th e 
conven tion al w a y, b u t men of m a tu rity  m ust be ta u g h t 
each as a sep arate problem , w ith  different d ifficulties 
to  solve. T h en , again, th e  college stu d en t is jo y 
fu lly  ign oran t of p ractica l experience and responsi
bilities, and th e  college teacher m ust bring these 
hom e to him  as best he m ay; th e p ractical m an, on 
th e other hand, has learned them  in th e school of hard 
knocks, and n ot in freq u en tly  com es b etter equipped 
than  his teacher, so th a t  w h a t is good advice to  one 
man is a p latitu d e to  the other. B u t th e  greatest 
d ifficu lty  in  teach in g th e p ractica l m an lies in his 
unw illingness to  fill in th e gaps in his train ing. He 
p rob ab ly  know s no m athem atics, and w ith o u t th is 
he cannot s tu d y  to  ad va n ta ge  college ph ysics, w ithout 
w hich problem s in m echanics and m achin ery are un
intelligible. T h e sam e holds along other lines.

T h e purpose of th e school when first organized w as 
to offer to th e  citizens of L ouisian a th e  op p ortu n ity  
to  secure such train in g as w ould q u alify  them  to 
enter m ost ad va n ta geo u sly  th e sugar in d u stry  of the 
state . T h e un derlying idea, therefore, w as to  train  
men who would be com peten t to  m anage p lantations 
w hich b oth  grew  cane and m ade sugar; th a t is to  say, 
th e y  were to  be train ed  in agricu lture, engineering 
and chem istry.

F O U R -Y E A R  C O U R S E  C H A N G E D  TO F IV E

T h e course, as form ulated  in 1897, w as four years 
in len gth . D urin g th e last tw o  years th e students
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spent th e  sugar season a t th e  Sugar E xp erim en t 
Station  a t A u d u b on  P ark  in p ractica l sugar house 
work. I t  soon becam e clear, how ever, th a t a satis
fa cto ry  fou n d atio n  could not be given  to  high school 
graduates in tw o years, so, in 1899, th e  course was 
m ade five years in length , th e first three years being 
devoted  en tirely  to  foun dation  su b jects and all te ch 
nology being avoided. D urin g th e fourth  and fifth 
years th e stu d en t was sent, as heretofore, to  th e sugar 
house a t A udubon  P ark, returnin g a t th e end of the 
sugar season and ta k in g  up his w ork for th e rest of 
th e year. A t  the end of the fifth  year th e  graduates 
received th e degree of B achelor of Science. Here, 
too, there was a little  d issatisfaction. T h e Sugar 
School studen ts th o u gh t th a t if th e E ngineering 
students received  their B .S . degree at th e end of the 
fourth  year, so should th ey. A t  th e end of the fifth 
year th e y  could th en  receive another degree. T here 
was a certain  specious ju stice  in th is claim , b u t it 
was not granted. A t  th e end of the fou rth  y ea r the

students th a n  it  could w ell care for and th e y  h ave 
been m en of an excep tion ally  high class, w hich m erely 
goes to  p rove again  th a t, in m atters educational, if 
a  th in g  is w ell w orth  w hile th e best men do n ot count 
the price, w hether in tim e or m oney. So far as th e  
w riter know s, th is w as th e  first five yea rs ’ course in 
C hem ical E ngin eerin g ever offered in th is coun try.

From  th e beginning, th ere w as a stron g dem and 
for th e  graduates of th e Sugar School. O rdin arily  
th e y  were placed six m onths before th e y  graduated  
and, as th e y  m ade good w ith ou t a n y  exceptions, the 
requests becam e y ea r b y  y ea r m ore pressing. M ost 
of th e  larger sugar houses began to  p u t in laboratories 
and chem ical control s low ly  displaced th e  old rule of 
th u m b . A b o u t 1901, th e  dem and for chem ists be
cam e so great th a t  tw o  or three of th e best fifth -year 
men were allow ed to  om it th e  second yea r of th e  p ra c
tical course a t A udubon  P ark. In stead  th e y  were 
sent to  a sugar fa cto ry  w here th e y  were paid  th e  regu 
lar sa lary  of an assistant chem ist and w orked th rough

F i g . I I — G e n e r a l  V i e w  o f  P l a t s  a t  E x p e r i m e n t  S t a t i o n , A u d u b o n  S u g a r  S c h o o l

sugar school stu d en t w ould n ot be sufficien tly  trained. 
If he were to  receive a degree then, how ever, he w ould 
be more th an  lik e ly  n ot to  appreciate th e deficiencies 
in his train ing. A  degree is a summum bonurn— an 
end in itse lf to  m ost college students. T hese students 
were also anxious to  get into  p ractica l -work. W h y 
work a year longer for a  degree when th e y  a lread y  had 
a degree? T h is argum en t would h a ve  been con 
clusive w'ith m any studen ts and m ost parents. So 
the course w as fixed a t five years and th e student 
got his B .S . degree in five  years instead of four. T his 
was done because th e five years were necessary and 
those who did not like  it  were to ld  th a t it w as a rule of 
the school and could not be changed. T h e results 
justified th e  m eans and to -d a y  th e students ta k e  
special pride in th is p articu lar featu re of th e  course.

There was som e fear, a t first, on th e  p a rt of th e 
authorities, th a t a five y e a rs ’ course w ould drive aw ay  
the desirable students, b u t such has not been th e  case. 
A s a m atter of fa ct, th e Sugar School has had more

th e  season under s tr ic t ly  com m ercial conditions, 
returnin g to th e U n iv ersity  when th e  season was over. 
I t  was im m ed iately  ap p aren t th a t these men had 
gained som ething which ga v e  them  a m arked ad 
v a n ta g e  over those students who were ta k in g  th e 
routine fifth -year course a t A udubon  P ark , b u t it  was 
a little  hard to  te ll wherein th is ad va n ta ge  la y . P er
haps- each man had benefited in a different w ay. 
T o  one it  gave self-confidence, to  another an apprecia
tion  of actu al w orkin g conditions, to  a th ird  a kn ow l
edge of m en as d istinguished from  b oys; to  all, a 
certain  sense of responsibility  and a m aturer point of 
view .

FA C T O R Y  W O R K  IN  F IF T H  Y EA R

T h e fifth -year p ractica l course had been form u lated  
and carried ou t a t A udub on  P a rk  and in th e lab o rato ry  
w ith  great care. I t  contained m any things w hich 
the stu d en t, b y  going to  th e  fa cto ry , w ould n ot get, 
and w hich it  w as desirable he should get, so th e actu al 
fa cto ry  p ractice w as perm itted  w ith  som e degree of
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reluctance and a little  fear th a t we were m akin g a 
concession to  a popular dem and. B u t its un doubted 
ad van tage, largely  psychological, over th e routine 
course was so m arked th a t in 1903 th e sending out of 
th e fifth -year studen ts becam e a part of th e established 
p o licy  of th e School and has rem ained so ever since. 
T h e planters m et th e  m ovem ent m ore th an  h alf w ay  
and h ave given  the students every  possible assistance.

F i g . I l l — E v a p o r a t o r s  a n d  P a n  i n  S u g a r  H o u s e

T h ese yo u n g men receive th e  sam e sa lary  as other 
assistant chem ists and for m ore th a n  ten  years there 
has n ot been one w ho failed to  receive em ploym ent. 
An inciden tal b u t m ost im p ortan t result has been the 
stren gthen in g of th e relationship betw een  th e  sugar 
planters of L ouisiana and th e L ouisian a S ta te  U n i
ve rsity . T h e students bring b ack  to  the U n iv ersity  
an in tim ate know ledge of th e actu al conditions in 
th e  various sugar houses and of th e p ractical problem s 
w hich are con tin u ally  presenting them selves. T h e 
planters, on th e  other hand, discuss these conditions 
and these problem s w ith  th e various officials of th e 
Sugar School, som etim es personally, som etim es b y  
correspondence, b u t a lw ays w ith  perfect freedom .

In  order to  get a certain  breadth of v iew  as to  the 
L ouisian a cane sugar in d u stry  it  has been th e custom  
of th e  w riter to  v is it th e various p lantations during 
th e  sugar season. A fte r  a good m an y years of personal 
experience, th e w riter has com e to  th e definite con
clusion th a t th is personal con tact betw een  th e  students 
and teachers in  th e  School of C hem ical E ngineering,

on the one hand, and th e chem ical p lan t, togeth er w ith 
its responsible officials, on the other hand, is ab so lu tely  
necessary if th e school is to  a tta in  even reasonable 
efficiency. In  each in d u stry  this con tact m ay be o b 
tained  in a different w a y. • In  the A udub on  Sugar 
School the practical m ethod has ju st been outlined.

A s these students are absent from  th e  U n iv ersity  
in th e fourth  and fifth  years for eight to  ten  w eeks 
of the first term  during th e sugar season, th e y  cannot 
be ta u g h t in th e sam e classes w ith  other studen ts 
during th e eight or ten w eeks when th e y  are present. 
T h e y  are, therefore, ta u g h t in different sections from  
th e other students during th e first term , th e second 
term , of course, presenting no difficulties. T h is 
m ethod placed som e extra  labor on th e teach in g staff, 
b u t it was the on ly logical w a y  and has w orked well 
in practice. T h ere seems to  be no reason w h y  it  
could not be applied m ore generally  to th e  a rticu la 
tion  of courses in chem ical engineering w ith  th e various 
industries studied. In  th is connection, th e w riter 
m ight sa y  th a t he is convinced th a t, in th e  fifth  ye a r  
of a course in C hem ical E ngin eerin g, th e  student 
should get a w ay  from  generalizations and tr y  to  
m aster reasonab ly well th e  details of som e one p a r
ticu lar in d u stry. T h e confidence in his own a b ility  
w hich a student gains b y  thus n arrow ing his field of 
stu d y, sta ys w ith  him  should he, b y  chance, find his 
op p ortu n ity  in som e other line of chem ical in d u stry .

IN T R O D U C T IO N  O F A G R IC U L T U R A L  A ND E L E C T R IC A L  

C O U R SE S

. As soon as th e Sugar School w as fa ir ly  under w ay, 
students began to  com e from  all parts of the world 
and as, a t th e tim e, it  was easier to  secure a position 
as a sugar chem ist th a n  as a sugar agricu ltu ralist, 
there was a ten den cy on th e  p a rt of th e stu d en t to  
stress C h em istry  and E ngin eerin g a t th e  expense o f 
A gricu lture. T h is ten d en cy  w as encouraged b y  th e  
u n satisfactory  state  of agricu ltural teach in g tw e n ty  
years ago. As th e old professor of agricu ltu re slo w ly  
began to  resolve into his com ponent parts and th e  
professors of A gronom y, Soil P hysics, A n im al In d u stry  
and th e like too k  his place, th ere w as a n otable tig h ten 
ing up along all lines of a gricu ltu ral ped agogy. Full- 
term  courses were offered w here tw o or three weeks- 
had sufficed and th e increased efficiency of agricu ltural 
teach in g b egan  to  appeal to  students generally. B u t 
th e Sugar School students foun d them selves in need of 
a v e ry  special ty p e  of trop ica l and sub tropical agri
culture, where th e  conditions were a ltogeth er u n lik e
those in ord inary A m erican  agronom y. T o  m eet
th is dem and, it w as decided in  1907 to  offer such
courses in  Sugar A gricu lture in th e  last three yea rs 
of th e Sugar School, these ap p lyin g sp ecifically  to  th e 
conditions on cane p lantations in L ouisiana. A t 
abou t the sam e tim e, Congress m ade it  possible fo r  
th e E xp erim en t Station s to do experim ental w ork in 
M echan ical E ngineering. In  L ouisiana, th is w ork
was placed in charge of Professor E . W . K err, as pro
fessor of M echan ical E ngineering in  th e  A udubon  
Sugar School, and w as concen trated  on th e  specific 
problem s in th e sugar houses of L ouisiana, such, for
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instance, as evap oration, bagasse burning, boiler 
efficiency and the like. A s new fields in Sugar A g ri
cu lture and Sugar M echanics began to  develop, it 
becam e ev id en t th a t even  five years was not sufficient 
tim e to  g iv e  studen ts sa tisfa cto ry  courses in these 
and in Sugar C h em istry  as well, so, in 1912, a course

F i g . IV — S t u d e n t s  K e e p i n g  C h e m i c a l , C o n t r o l  i n  t h e  F a c t o r y  a t  t h e  

A u d u b o n  S u g a r  S c h o o l

w as form ulated  in  Sugar A gricu ltu re w ith Professor 
A . P . K id d er in charge of th e special w ork in agricu lture, 
the course including C h em istry  and A gricu ltu re, 
being d istin ct from  Sugar E ngineering which included 
C h em istry  and E ngineering. T h e p ractica l w ork 
on th e  p lan tation s and a t A udub on  P a rk  w as th e  sam e 
for each course. T h e  stu d en t chooses one course 
or th e other a t th e beginning of his ju n ior year, and 
as there is an increased num ber of openings for scientific 
agricu lturalists in sugar countries, th is d ivision  has 
its fa ir share of students. I t  is possible th a t studen ts 
under exceptional circum stance m ight find i t  de
sirable to  specialize in Sugar A gricu ltu re and E n gin eer
ing, leavin g out m ost of th e w ork in  C hem istry. 
T h ou gh  no dem and for th is has y et arisen, th e  courses 
are so form u lated  th a t  th e dem and can be m et w ith o u t 
a n y  d ifficulty.

I t  is fa ir to  infer from  our experience in th is respect 
th a t a fter a school of C hem ical E ngineering has been 
m ainly associated  w ith  som e given  in d u stry  for a term  
of years, it  w ould becom e n ecessary to  arrange th a t  
the students h a ve  su itab le la titu d e  in elective  sub
jects for th e last y ea r of th e  course. F or instance, 
during th e  last y ea r or tw o , m an y of th e  larger sugar 
mills h ave been changing over from  th e  steam  drive 
to th e electric drive and it  is gen erally  believed  th a t  
electrica lly  driven  m achinery will large ly  supplan t 
steam  driven  m achin ery in th e  near future. F or this 
reason, th ere has arisen la te ly  a dem and for more 
E lectrical E ngineering in  th e sugar course, which 
dem and we are now  prepared to  m eet b y  offering as 
electives, special courses in  th a t su b ject.

A D M IS S IO N  OF C O L L E G E  G R A D U A T ES

A s th e  va lu e of sc ien tifica lly  train ed  men becam e 
recognized b y  th e  sugar in d u stry  th rou gh ou t the 
world, studen ts cam e to  L ouisian a from  p ra ctica lly  
all of th e  sugar-producing countries. Japan , C hin a, th e  
Philippines, M auritius, T a h iti, H aw aii, South  A frica , 
Fran ce, Spain, I ta ly , G erm an y, Sw eden, N o rw ay, 
E ngland  and ev e ry  one of th e  South and C en tral 
Am erican countries h a ve  sent stu d en ts to  th e  Sugar

School. In  m an y cases these were a lread y  college 
graduates, and there w as som e d ifficu lty  in a rticu latin g  
th eir previous train in g w ith  th e  regular Sugar C ourse. 
T h e  first th ree years of th e Sugar School', how ever, 
are d evoted  to  pure science, and tech n ology is avoided  
as far as possible. Stu d en ts get M ath em atics through 
C alcu lus, Inorganic, O rganic, and A n a ly tic a l C hem istry  
tw o years each of P h ysics, M echan ical D raw ing, 
M echan ical E ngin eerin g, and one yea r of E lectrical 
E ngin eerin g, togeth er w ith  E nglish  and som e foreign 
language. A s these su b jects are covered in  th e 
C hem ical E ngin eerin g courses a t C ornell, B oston  
T ech ., Illinois and other stan dard  in stitu tion s, we de
cided to  credit the first three yea rs ’ w ork done in such 
in stitution s for th e first three years of th e Sugar 
School, w ith o u t en deavoring to  m ake a sub stitution  
of su b ject for su b ject. T h e last tw o years of th e Sugar 
School, therefore, were m ade, so far as possible, of 
graduate nature, open to students w ho had  had  three 
or four years of college train in g and w ho were pre
pared to  ta k e  th e courses offered. In  th is class there 
h a v e -b e e n  graduates of various universities b oth  in 
th e U n ited  S tates and abroad. T hese h a ve  been 
m atricu lated  as grad u ate students, can didates for 
th e  degree of M .S . T h eir courses h a ve  ranged from  
one to  tw o years in len gth , depending upon th e n ature

F i g . V — A p p a r a t u s  f o r  E x p e r i m e n t a l  S t u d y  o p  E v a p o r a t i o n  

M e c h a n i c a l  L a b o r a t o r y , L o u i s i a n a  S t a t e  U n i v e r s i t y

of th e  prelim in ary train ing. T h is system  of articu la
tion  of a h igh ly  tech n ical course w ith  an un dergraduate 
degree has been in use now  for ab ou t 12 or 15 years 
and has w orked out ad m irab ly  because of th e  e la stic ity  
in  electives perm issible to  th e  grad u ate student.
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T h ere has been a decided ten d en cy on th e  p a rt of th e 
graduates in M echan ical, E lectrical and C hem ical 
E ngineering to ap p ly  for graduate courses in the Sugar 
School. W e h ave arranged courses for such students 
and h ave foun d th a t th e y  can cover n early  tw ice  as 
m uch ground in a y ea r  as can th e  average under
graduate. A  num ber of these men h a ve  gone into 
p ractical w ork w ith  uniform  success. In  other words, 
th e a ttitu d e  of th e Sugar School tow ards graduate 
students is som ething like th is: For th e m ature man 
who is a college graduate and w ants to  ta k e  up this 
kind of w ork, it  is fa ir to  assum e th a t he know s w hat 
he w ants, so he is trea ted  n ot as a b o y  b u t as a man and, 
in electin g his course, he is allow ed ev ery  la titu d e 
com patib le w ith  com m on sense. F or instan ce, these 
courses h ith erto  have included th e p ractica l course at 
A udubon  P ark  and som e sugar house experience, 
b u t both  these requirem ents w ould be w aived  in  the 
case of th e  m an w ho was a lready fam iliar w ith  sugar 
house processes.

F io . V I— D i p p i n g  C a n e  i n  W h a l e - o i l  S o l u t i o n  

E x p e r i m e n t  i n  C o n t r o l  o p  S u g a r - c a n e  M e a l y - b u g

As at present organized, then, th e course of the 
A udubon  Sugar School is five years in len gth  and 
leads to  the degree of B .S . T h e  first th ree years are 
given  to  general scien tific train in g sim ilar in ty p e  to 
th a t given  in m ost stan dard  schools of C hem ical 
Engineering. T h e tech n ical w ork is g iven  en tirely  
in th e  last tw o  years, w hich, therefore, include m ost 
of its d istin ctive features. A s the m ethod of a rticu la 
tin g  th e p ractical and th e theoretical is th e  result of a 
num ber of years of experim ent and experience, it 
m ight not be am iss to  g ive it  in detail. A t  the be
ginning of th e fourth  and fifth  years, th e studen t 
reports to  the u n iversity  abou t th e 20th of Septem ber. 
H e sta ys there until th e opening of th e  sugar season, 
th e  d ate of w hich depends som ew hat upon crop con
ditions, b u t ord in arily  ranges betw een th e 18th and 
th e 25th of O ctober. T h is gives him  one fu ll academ ic 
m onth a t th e u n iversity . T h e sugar season in L ouisi
ana lasts un til from  th e  10th to  th e 25th of D ecem ber, 
some sm aller estates finishing earlier and a few  larger 
ones, som ew hat later. T h e u n iversity  assum es th a t 
th e y  all close before th e  end of th e C hristm as holidays 
at w hich d ate th e studen t m ust again  report to  his

classes. T his gives him  one academ ic m onth before 
the m id-term  exam inations in F eb ru ary. H e is there
fore present a t the u n iversity  during th e first and last 
m onth of th e first term  and is w orkin g at th e sugar 
house during th e second and th ird  m onths, allow ing 
a m argin of abou t a w eek for overlapping, due to 
crop conditions.

F O U R T H -Y E A R  W O RK

T h e subjects ta k en  b y  these studen ts w hile at the 
u n iversity  during these tw o m onths are of tw o  ty p e s: 
T h e first ty p e  is str ictly  tech n ical and special, as for 
exam ple sugar house control, sugar m achine design 
and sugar chem istry. L ectures in these sub jects 
stop when the stu d en t leaves th e u n iv ersity  and begin 
when he returns. T h e  second ty p e  includes general 
engineering and chem ical sub jects w hich are elected 
b y  other students, such as therm odyn am ics and m achine 
design. T h e Sugar School students ta k e  half th e usual 
num ber of such sub jects for tw ice  th e  usual num ber of 
hours per w eek, w hich requires extra  sections. D urin g 
the second term  th e y  report w ith  th e  regular college 
classes in all subjects. T h is increases th e  w ork of 
the instructors for th e first and fourth  m onth and 
lessens it  for th e second and th ird , b u t as th e num ber 
of class hours in vo lved  is not large, th e  m ethod has 
w orked well in practice. L ab o rato ry  su b jects present, 
of course, no special difficulties.

D uring th e first m onth of th e fou rth  and fifth  years 
all th e students concen trate m ain ly  on th e  techn ical 
chem istry and engineering of sugar house practice. 
As considerable p lan tin g is done during th is period, 
th e y  also v is it the p lantations under th e  direction  of 
th e professor of A gronom y, as occasion presents itself. 
T h e  whole sugar squad is under th e  general charge 
of a special instructor in  sugar te ch n ology  w ho is 
generally one of th e superintendents of one of th e 
larger tropical sugar houses and is th us in im m ediate 
tou ch  w ith  th e ind u stry  in its m ost recent developm ents. 
He accom panies th e  fou rth -year sugar squad  to  th e  
Sugar E xp erim ent S tation , A udub on  P ark, N ew  
Orleans, and rem ains w ith  them  during th e  sugar 
season, a t th e close of w hich period he leaves for his 
regular w ork in C u b a or elsewhere.

W hen these fou rth -year studen ts reach A udub on  
P ark, th e y  h ave been drilled in th e  routine an a lytica l 
processes of sugar house laboratories and in  th e  general 
m echanical principles of sugar house m achinery. 
A t  A udub on  P ark, th e  u n iversity  has a sugar house, 
cane fields, chem ical laboratories— both  control and 
research— bacteriological and entom ological laboratories 
and a full equipm ent of all apparatu s n ecessary for th e 
in vestigation  of a n y  ordinary problem , chem ical, 
m echanical or agricu ltural w hich m ight arise in con
nection w ith  th e cane sugar in d u stry, th e  w hole repre
senting an in vestm en t of som ething over $100,000. 
U nder th e  direction of an instructor, th e studen t 
squad is brought into  personal con tact w ith  each of 
these various lines of a c tiv ity , and, to  the sam e end, 
th e  squad is v isited  once a w eek b y  th e D ean  of the 
Sugar School, the professor of M echan ical E ngineering 
or th e professor of A gronom y. T h e U nited  States 
G overnm en t m aintains a t th e P ark  a dep artm en t for
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th e in vestigation  of insects injurious to  cane, and th e 
studen ts m ust keep up w ith  th e progress of th ese in
vestigation s. Im m ediate ly  a fter reachin g th e  P ark, 
th e  studen ts are p u t to  w ork p lan tin g cane. T h is 
fall p lan tin g is finished in  three or four days and is 
done b y  th e studen ts them selves in th e m ost approved  
m anner under th e  supervision  of th e d irector of th e 
Sugar E xp erim en t Station . A t  th e  end of th is tim e 
the field hands begin  to  cu t cane and deliver it  to  th e 
sugar house. T hereupon  the sugar squad  is d ivided 
into ten  sections w hich are assigned each to a specific 
s ta tio n .. T h e sugar house has a nine-roller m ill grin d 
ing som ew hat less th a n  one to n  of cane per hour, the 
ju ice  being discharged into a cane w eigher. T h is is 
Station  I and th e w ork is done b y  one division  of the 
squad. From  th e  w eighing ta n k , th e ju ice  passes to 
th e  sulfuring and lim ing tan ks, w hich m ake up Station  
II , thence to  th e open clarifiers, S tation  I I I , thence to 
th e settlin g  ta n k s and filter presses, Station  IV , thence 
to  the double effects, S tation  V . T h e syru p from  th e 
double effect passes to  th e vacu u m  pans, Station  V I , 
and the grained m assecuite passes to  the m ixer and 
cen trifugal, S tation  V II . T h ere are also b ag filters, 
p la te  presses and a Sw eetland press through w hich 
th e ju ices are run for experim ental purposes; these 
m ake up S tation  V I I I .  T h ere are around th e  house 
a num ber of sm all engines and pum ps; th e  care of these 
m ake up S tation  I X . T o  each of these station s, a 
sm all squad  of students is detailed  for tw o  or three 
days so th a t every  m an m akes the round of th e station s 
abou t tw ice. T h e  chem ical control is S tation  X  and 
rotates w ith  th e  others. Sam ples are ta k en  of the 
cane, th e  juice, the press cake, th e bagasse, th e syrup , 
th e m assecuite and th e  m olasses and th e requisite 
analyses m ade. A  v e ry  elaborate system  of chem ical 
control has been in stitu ted  in as great detail as in  th e 
2ooo-ton houses, sp ecia lly  printed  b lan ks being pro
vided for th is purpose, th e  whole system  being p ra cti
ca lly  id en tica l w ith  th a t of th e  larger C u b an  and P orto  
R ican  sugar corporations. T h e lab o rato ry  is pro
vided w ith  an adding m achine and also one for m ulti
p ly in g and  d ividing, so th a t  th e students m ay becom e 
fam iliar w ith  these im p ortan t lab or-savin g devices. 
C om plete d aily  and w eek ly  reports are m ade out and 
special stress is laid  on th e  arith m etical side of sugar 
house control. T h e  im portance of th is phase of 
chem ical engineering is som etim es overlooked. It  
not on ly helps m ake th e chem ist a more va lu a b le  
em ployee, b u t it  also helps him  to  realize w hat he is 
doing and w hy.

From  th e  engineering stan dp oin t, in addition  to 
the foregoing station s, certain  squads m ake detailed  
reports on th e  efficiency of th e various pum ps, the 
mills and th e evap oratin g  apparatus.

From  th e  agricu ltu ral stan dp oin t other squads stu d y  
the resu lt of th e  field experim ents a t A udub on  P ark  
for th e  last tw e n ty-five  years, and learn th e p ractical 
m ethods em p loyed  in  agricu ltu ral research as applied 
to sugar cane.

D urin g th e fo u rth -yea r season, th e  squad is sent, 
tw o at a tim e, to  th e  sta te  sugar fa cto ry  at A ngola, 
La., a 1500-ton house, th o ro u g h ly  equipped for m aking

either w hite or 96 te st sugar. Here th e y  help in  carry 
ing out sugar house control on th e large scale and under 
com peten t direction.

F IF T H -Y E A R  W O RK

A t the end of their first season, therefore, th e  stu d en ts 
are fa ir ly  fam iliar w ith  th e techn ique of e v e ry  p a rt of 
the sugar house, th o u gh  of course th e y  are n ot skilled 
artisans. T h e y  are able to  m ake out a com plete 
report on th e chem ical control of th e sugar house and, 
to  som e exten t, on th e  chem ical efficien cy of th e  pro
cess. In  th e  case of th e  students in  sugar agricu lture, 
th e y  can also m ake out a report on th e condition  of 
th e  cane fields and their various agricu ltu ral requ ire
m ents, such as fertilizers, drainage and th e like. M ost 
of th e  w ork  on th e p u rely  th eoretical side of b o th  
sugar ch em istry  and sugar engineering is g iven  to th e 
stu d en ts on th eir return to th e u n iv ersity , to  w hich 
end a special equipm en t has been provided. For 
instance, there has been in stalled  an elaborate ap p aratu s

F i g . V II— S h o w i n g  R e s u l t s  o p  F e r t i l i z e r  E x p e r i m e n t s

for th e experim ental in vestigation  of evap oration  
w hich has m ade possible a considerable q u a n tity  of 
research w ork along th is line.

T h e fifth -year students, also, put in  th e first m onth 
a t th e u n iversity , con cen tratin g on th e details of 
various phases of sugar tech n ology and p ayin g special 
a tten tion  to  speed and accu racy  in their an a lytica l 
w ork. T h e y  likew ise stu d y  th e principles u n derlyin g 
th e  various instrum ents th e y  are to  use in th e chem ical 
and m echanical control of th e sugar house— as for 
exam ple, th e polariscope and th e in d icator card. 
W hen th e  season opens th e y  go into a ctu al sugar 
house p ractice  a t various factories over th e  s ta te  and 
s ta y  through th e  sugar season. T hese studen ts are 
trea ted  sim p ly  as em ployees, are g iven  no special 
favors and exp ect none. T h e y  draw  th e  sam e sa lary  
as a n y  other sugar chem ist and hold their positions 
on ly  on their m erit. T h e  D ean  of th e  Sugar School 
m akes an annual inspection  of these factories during 
th e sugar season and th us learns b oth  w h at the studen ts 
are doing and w h at th e m anagem ent expects them  to  
do. A fter  th eir return  to  th e  u n iv ersity  a t th e  end of
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the sugar season, th e y  d evote th e rest of th e year to 
th e  various su b jects outlin ed in  their courses.

T he fourth  and fifth  years of th e sugar school, th ere
fore, are q uite special in  th eir n ature and are open to 
graduates and senior studen ts of stan dard  schools of 
engineering. T h e stu d en t of th e  grad u ate ty p e  is 
classed according to  his prelim inary train in g and 
allow ed to  elect such sub jects as he m ay be able to  carry 
ou t p rofitab ly , the utm ost la titu d e  being g iven  him .

T h e A u d u b on  Sugar School is now tw e n ty -five  years 
old. T h e  num ber of students during th e p a st five years 
has been 124, 94, 65, 70, 75. T h e School graduates 
each y ea r  from  10 to  25 students. These you n g men 
h ave m ade good w ith ou t exception. T h e y  are scattered  
all over th e sugar w orld and occu p y m any of th e  m ost 
im portan t positions in  th e sugar in d u stry , which 
facts are ta k en  to  in d icate th a t th e school is founded 
upon correct pedagogic principles.

CO DE O P E T H IC S

Just one th in g m ore m ight be m entioned in closing. 
I t  is som ew hat difficult to  discuss th is and y e t its  ex
trem e im portance is beyond question. F rom  th e tim e 
a studen t enters th e A udub on  Sugar School u n til he 
leaves, it  is th e w riter’s custom  to  call frequ en t atten tion  
to  th e fa c t  th a t  no stu d en t can hope to  learn  m uch 
chem istry or m echanics or a n yth in g  else of th a t sort 
a t college. H e m erely learns w here th e literatu re  is, 
w h at th e problem s are and how  to  s tu d y  th em  for 
him self personally. One th in g, how ever, he can learn 
a t college and th a t is th e  stan dard  of character n ecessary 
for success in C hem ical E ngineering. T h ese men are 
not expected  to  s ta y  engineers or chem ists; such 
positions are on ly  stepping-stones. E ach  m an should 
hope to  be, a t  som e tim e, a sup erin ten den t or a d 
m inistrator and if positions of th is ty p e  are to  be won 
b y  m erit, th a t m erit m ust include absolute personal 
in tegrity . A n y  lapse from  th e highest possible code 
of honor w ill destroy th e usefulness of a chem ist or a 
superintendent. A bsolute truthfu ln ess in w ork and in 
reports, lo y a lty , willingness to  cooperate— these things 
are essential to th e  highest success in th e sugar business.

T h is is th e code of th e studen ts in the Sugar School, 
insisted upon b y  them selves from  th e  tim e th e y  enter 
th e u n iversity . Lapses are trea ted  w ith  th e rude b u t 
efficient ju stice  of stu d en t self-govern m en t and, b y  
th e  tim e a man graduates, these stan dards are ground 
into  him  and are a p a rt of his professional character. 
I t  is a m atter of record in th e Sugar School th a t  in 
all the years of its h isto ry, th ere has not y et been 
one of its alum ni to  p rove recrean t to  its personal 
stan dards, during th e a fter years of his actu al con tact 
w ith  th e  business world. T h e graduates of th e Sugar 
School are more or less w ell-trained in th e sugar 
in d u stry , fa ir scientists or excellent as th e case m ay be, 
b u t in all instances th e y  are honorable men, tru st
w o rth y  and lo y al. T h e y  h a ve  had th is record for a 
q u arter of a cen tu ry  w ith ou t a break. T h is is th e 
one point in w hich th e A udubon  Sugar School feels 
it  has a righ t to  be proud.

A u d u b o n  S u g a r  S c h o o l

L o u i s i a n a  S t a t u  U n i v e r s i t y  
B a t o n  R o u g e

TH E CO NCENTRATIO N OF SULFURIC ACID
B y E . H . A r m s t r o n g  

Received D ecem ber 26, 1916

O w ing to the unusual dem and for m unitions and as 
sulfuric acid is largely  used in th e  m anufacture of 
these products, there has been created  a great dem and 
for high stren gth  sulfuric acid  running from  93 to  
97 per cent H2SO4.

In  th e  old d ays th e high stren gth  su lfuric acid  re
quired was m ade v e ry  large ly  in  iron and platin um  
stills. T h ere  are a num ber of other m ethods used for 
concen tratin g sulfuric acid  b u t as all these give a sm all 
o u tp u t and as th e dem and for th e last y ea r required 
a large tonnage, th e tow er m ethod, in  a  large num ber 
of cases, has been resorted to  b y  a great m any chem ical 
com panies; in other cases th e acid  is first passed dow n 
a tow er where it  gets a prelim inary concentration, 
bringing it  up to  62 to 63° B6. and thence through 
cast-iron pans th a t set in a furnace, one ab ove th e 
oth er; b y  th e  tim e it  gets to  th e  last pan, w hich is 
d irectly  over the fire, it  has atta in ed  th e concen tration  
of from  93 per cent to  98 per cent H 2S 04. In  th is 
case th e gases of com bustion  from  th e furnaces pass 
under the pans to  th e  tow er, a t which poin t th e y  
becom e m ixed w ith  th e vapors from  th e pan; th e  m ixed 
gases pass through th e tow er and thence through a 
system  of scrubbers to  th e atm osphere.

T h ere is quite a difference in th e m ethods pursued 
in building the tow ers, and also th e arrangem ents of 
th e scrubbers for th e reco very  o f th e d istillates. B u t 
the principle of concen tratin g in  tow ers is th e sam e, 
as p ra ctica lly  all th e  engineers engaged in constructin g 
the plants use q u artz for th e p ackin g and an oil flam e 
for generating the heat.

T h e w riter has h ad  considerable experience recen tly  
in supervising th e operation of som e concentrators. 
T here was v e ry  little  know n in th e South , previous 
to  the last year, abou t con cen tratin g acid  to  such 
high stren gth; th is being true, it  w as larg e ly  a question 
of experim enting to  find th e best m ethod of operating.

C H E M IC A L  D IS IN T E G R A T IO N  O F Q U A RTZ P A C K IN G

One of th e first conditions th a t  th e  w riter observed 
was th a t an ap p aren t obstruction  w ould develop in 
th e tow ers a fter a w eek to  ten  d a ys ’ operation, neces
sita tin g  shuttin g th e p lan t dow n and w ashing th e  tow er, 
a fter w hich the p la n t w ould  u su ally  run v e ry  satis
fa cto rily  for another w eek or so. D urin g th e  above- 
m entioned w ashouts, the w riter observed a  ve ry  
h e a v y  n o n -gritty  substance com ing from  th e tow er. 
I t  was then  concluded th a t  th is substance m ust be 
silica and as silica  could on ly com e from  a chem ical 
disintegration  of th e q u artz  in th e  tow er packin g, 
the w riter becam e convinced th a t th e q u artz  w as under
going a chem ical disintegration, m ost esp ecially  as 
there w as a considerable q u a n tity  of alum inum  in the 
acid  passing over th e tow er.

T h is w as finally  proven to  m y en tire satisfaction  
b y  th e  fa ct th a t  a fter som e w eeks’ operation, th e p lant 
w ould show  all sym ptom s of th e tow er being too open 
and. in  one case, it  w as foun d th a t  m ore th a n  one-half 
of th e  q u artz  origin ally  in th e tow er h ad  gone in solu
tion  and passed out. In  others it  was found th a t  chan 
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nels had form ed through th e packin g, ow ing to  th e dis
solution  of th e  quartz. In  v iew  of th e above, there can 
h ard ly  be a n y  d isputin g th e  fa ct th a t under th e con
ditions prevailin g in th e  con cen tratin g tow er th ere is a 
chem ical d isintegration  of th e packin g. B efore th e 
w riter had acquired th e above-m entioned evidence, 
the question w as ta k en  up w ith  a num ber of v e ry  
able men, b u t in no case did th e y  subscribe to  th e  th e o ry  
th a t there could be a chem ical d isintegration  of the 
packin g.

On three different occasions, one of our tow ers 
becam e so open th a t it  w ould not concen trate beyond 
63 0 B e. and in each case th e  tow er w as got b ack  to  as 
good condition  or b etter th an  it  was when first built, 
and  in one special instance th e p lan t w as b rought up 
from  9 tons of 66° B6. in  24 hrs. to  29.9 tons in 24.hrs. 
T h e a ctu al tim e the p la n t was stopped  to m ake th e 
ab ove sta te d  change did n ot exten d  over 2V2 hrs. 
T he condition  w as rem edied b y  sim p ly  rem ovin g th e 
lu te  on top  of tow er and introducing a piece of ord inary 
light cast-iron  drain  pipe th rough  th e opening in tow er 
top and passing sm all pieces of broken q u artz through 
the pipe into tow er. T h e  end of th e pipe was m oved 
abou t as desired, th e re b y  m akin g it  possible to  place 
the q u artz  in a n y  p a rt of th e tow er. D urin g a period 
of several m onths there w as put into  th is tow er as m uch 
q u artz  as was origin ally  used to  p a ck  it, y e t  a t th e  end 
of th is period th e tow er did n ot contain  a n y  more 
q u artz  th an  it did w hen it  w as first started . As there 
was no q u artz rem oved from  th e tow er a t an y tim e 
it is quite ev id en t th a t  th e  p ackin g w as being rem oved 
b y  th e action  of heat and acid.

A t one tim e, a fter th e  to w er h ad  been cooled off. 
an exam ination  b y  m eans of an electric ligh t le t down 
in th e tow er showed th a t on one side th e p ackin g was 
gone until there w as v e ry  little  le ft over th e  arches. 
On th a t p articu lar occasion it took  40 kegs of broken 
q u artz to  fill in th e crevices in th e tow er so as to  bring 
th a t side of th e  p ackin g up level w ith  th e  rest. One 
p a rty , w ho was operatin g a p lan t b u ilt sim ilar to  ours, 
advised  th a t  he u su ally  washed his tow er out w ith  w ater 
abou t four tim es, a fter which he had to  sh u t it  dow n and 
repack th e tow er. T h is m an’s experience bears out 
the th e o ry  ad van ced  b y  th e w riter, th a t  th ere w as a 
chem ical d isintegration  of th e p ackin g under th e con
ditions p revailin g  in th e  con cen tratin g tow er.

PL A N  A ND O P E R A T IO N  OE A T O W E R  C O N C E N T R A T IN G  

P L A N T

There is a series of sym pto m s present th a t  if prop erly  
follow ed out w ill gen erally  lead  one to  a proper under
stan din g of th e trouble. In  order to  m ake th is plain, 
I will briefly describe a general lay -o u t of a tow er 
con cen tratin g p lan t. T h ere is a sm all b rick  furnace 
into w hich th e oil is sp rayed  b y  steam . From  th is fu r
nace there is a flue leading into th e  side of concen tratin g 
tower. T h is tow er has a b rick  linin g and brick  arches 
and is packed w ith  abou t 4 ft . of sm all q u artz, leavin g 
about 5 ft. of space b etw een  top  of tow er and top of 
packing. T h e acid  is fed  to th e  tow er b y  a syphon-and- 
boot arrangem ent so th a t  there is ab ou t l/s cu. ft . 
sp rayed  over th e p ackin g abou t once ev e ry  50 seconds. 
A fter th e boot has becom e n early  e m p ty  th e  syphon

gets air, w hich stops it from  flow ing; th e b o o t in the 
m eantim e is being refilled from  a su p p ly  ta n k  o v er
head. W hen th e boot fills to  a certain  point th e  syphon  
a u to m a tica lly  starts em p tyin g  sam e, so we h a v e  an 
a ltern atin g  sp ray. T h is is done to  g ive th e  heat in 
th e  tow er a chance to  recover and th e  tow er is supposed 
to concen trate b etter w ith  th is arran gem en t th an  when 
fed  continuously.

T h e  vapors and m ists of acid  pass from  th e tow er into 
the scrubbers through an 18-in. flue, th is flue being 
divided  so th a t  one-half o f  th e gas goes into  each scru b 
ber. T h ese scrubbers are m erely enclosed tanks 
packed w ith  fine gravel. T h e gravel p ackin g is su p 
ported on b rick  and coke in  th e b otto m  of scrubbers, 
th e b rick  being so arran ged  th a t tunnels or passage
w ays are provided  for th e  gas to  pass out through a
1 2-in. flue in the bottom  and thence to the au xiliary  
scrubber p acked  w ith coke. T h e d raught is created  in th e  
flues b y  eith er a fan  or steam  jets  and as each p lan t 
has a certain  d raught pressure th a t gives th e  best 
results it  is gen erally  tried  to  keep the d rau gh t as near 
th is pressure as possible.

In  th e flue betw een th e furnace and tow er th ere is a 
pyrom eter tu b e placed, connected b y  wires to  a dial 
w hich gives a continuous record of th e tem perature of 
the gases entering th e tow er. In  th e flue lea v in g  the 
tow er near th e top  an ord inary glass U -tube con
ta in in g w ater indicates th e suction  inside the 
flue. T here is also placed a t this point a Fah ren heit 
therm om eter, so th a t b y  ob servin g th e tem perature 
of gas en tering tow er and n oticin g th e tem peratu re and 
suction  in  top flue, one can get a p re tty  good line on 
th e w orkin g of th e p lant. F or instan ce, a tow er doing 
proper w ork w ill u su ally  show abou t 1200 to  1400° F. 
for th e  gas entering, and abou t 280 to  290° F. w ith 
abou t V s  in. suction  in th e flue lea vin g  th e top  of th e 
tow er. W hen th e tow er begins to  becom e foul there 
w ill be observed an increase in th e  tem p eratu re of gas 
entering th e  tow er and an increase in th e suction  
pressure in th e flue lea vin g  top of tow er. A lso there 
will be observed a decrease in th e tem peratu re of the 
gas leavin g th e tow er and when th is tem p eratu re falls 
to abou t 250° F. it will be foun d th a t v e ry  little  66° 
B6. acid  is being m ade.

T h is  condition  is corrected  b y  sh u ttin g  dow n the 
tow er and running w eak acid dow n sam e un til th e 
p ackin g becom es co m p a ra tiv ely  cool, a fter which 
it  should be th o ro u g h ly  w ashed w ith  w ater running 
over the p ackin g for a t least 12 hrs. W hen th e tow er 
is again  sta rted  it  w ill be foun d th a t  th e  tem peratu re 
of gas entering it w ill be abou t 200° F . low er and th e 
tem perature of gas leavin g it  w ill be 40 to 500 higher 
w ith  th e suction  pressure in flue reduced to  a b o u t one- 
half to  five-eighths of an inch. I t  is a b so lu tely  neces
sa ry  to m aintain  a strong suction , eith er b y  steam  jets 
or a fan, so th a t a ll vap o r and d istillates w ill be q u ick ly  
taken  from  th e  tow er as rap id ly  as form ed, otherw ise 
th e y  would condense and d ilute th e  66° acid, th ereb y  
undoing th e w ork a lread y  perform ed.

On th e other hand., w hen th e tow er p ackin g becom es 
too open so th a t  th e  hot gases and acid  are n ot sp lit 
up into  m inute q u an tities  the acid  will pass through
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w ith ou t atta in in g  a stren gth  greater th an  63 to  64° 
B6. and th e gases will pass ou t of th e tow er en tirely  
too hot, going as high as 350 to  360° F .; also th e  suc
tio n  of th e flue leavin g the tow er w ill drop to  alm ost 
nothing, w hile th e tem p eratu re of th e gas entering 
th e tow er will decrease from  200 to  300° F .

T h e above-described conditions were th e  ones th a t 
were corrected b y  in troducing broken q u artz through 
the lu te  a t th e top of th e tower.

D IF F IC U L T Y  W IT H  AN O P E N  B R IC K  L IN IN G  B E T W E E N  

T H E  P A C K IN G  A N D  L E A D

T h e w riter had a v e ry  peculiar experience on one 
occasion. T h e tow er showed all sym ptom s of being 
too  open. It  was sh ut down and th e  top rem oved 
b u t the p ackin g appeared to  be in perfect condition. 
H ow ever, as it  w as q uite evid en t th a t  the gas w as pas
sing too  freely  through the tow er and as we had been 
unable to get a n y  66° acid  from  th is un it for several 
days previous, it w as decided to  rem ove th e  packing, 
not d isturbing, how ever, th e  18-in. b rick  lining b e
tw een th e packin g and lead. A fter  th e p ackin g had 
been rem oved and th e  tow er repacked, th e  p lan t was 
started  up, b u t w-ith no b etter results th a n  before. 
I t  is needless to  sa y  th a t th e w riter was v e ry  m uch 
concerned abou t th e m atter, as th e  tow er w ould 
n ot produce 66° acid and y et th ere was n othin g ap 
p a ren tly  w rong w ith  th e packin g. H ow ever, th e top 
w as rem oved again  and a v e ry  careful exam ination  
was m ade to  determ ine, if possible, how  the gas was 
slipping through th e  tow er w ith  so little  resistance. 
I t  w as observed th a t th e b rick  w all betw een p ackin g 
and lead was v e ry  open, there being spaces of from  
V< to y 2 in. betw een th e bricks and as the bricks had 
been laid  dry, w ith  th e  exception  of ab ou t 3 in. on the 
edge of the w all, it  w as decided th a t th e  heat w as 
e v id e n tly  com ing up th rough  the w all and not through 
the packin g, as it should. T h e w all w as ta k en  dow n 
to  th e  level of th e packin g (about 5 ft. from  top of 
tow er) and acid-proof cem ent, consisting of silicate 
of soda and silax, was poured down through crevices 
in th e w all and a sm all am ount of it  appeared under 
th e arches, p rovin g th a t the th eo ry  of th e heat going up 
through the w all w as a correct one. T h e w all was then 
laid  from  the top  of th e p ackin g up in m ortar m ade 
from  silicate of soda and silax. T h is  m ortar w as used 
v e ry  lib era lly , m aking the bricks tig h t w ith  it, ju s t as 
w ould be done in b uild in g an ordin ary  b rick  w all. 
W hen th is w ork had been finished the top  w as re
placed and p lan t started  up; it  w orked b eau tifu lly , 
even b etter th an  it had ever w orked before.

L O S SE S O F A C ID  IN  T H E  C O N C E N T R A T O R  A ND R E G U L A T IO N  

OF D R A U G H T

In regard  to  losses of acid  in th e concen trator under 
norm al conditions, when th e  tow er w as being fed w ith
60,000 lbs. of 6o° acid in 24 hrs., th e losses would 
am ount to  from  2,000 to 4,000 lbs. of 6o° B6. acid 
per d a y  of 24 hrs. and there w ould be recovered as 
66° B£. acid  abou t 39,000 lbs., eq u ivalen t to  46,792 
lbs. of 6o° B e. acid  and th e  balance, or 9,208 lbs., 
w ould  be recovered in th e d istillates from  scrubbers. 
T h is scrubber acid  runs about 46° B e. It  is

pum ped over to th e sulfuric acid p lan t and sent down 
th e G lover tow er, where it  is brought up to  600 Bd. 
along w ith  th e other acid  passing over a G lover tow er, 
after w hich it  is returned to  the concen tratin g p lant 
again.

T h e losses varied  grea tly , according to  the am ount 
of d raught th a t was used. W hen a v e ry  strong 
draught was being used it  was found th a t the loss of 
H2SO* was v e ry  m uch greater th an  was sustained when 
on ly  a m oderate d raught was being used on p lant. W e, 
therefore, tried  to get th e h ap p y  m edium  of using ju st 
enough d raught to  ta k e  th e  distillate from  th e  top of 
the tow er and at sam e tim e not to  h ave too  great a 
loss at th e exit stack.

In  connection w ith th e  above, it  was found th a t  when 
using L u n g e’s m ethod, n am ely, 10 cc. of N/ 1 0  caustic 
soda solution and aspiratin g gas th rough  the sam e th a t 
th e loss of SO3 would run from  0.25 to 0.5 per cent. 
T h is test was m ade tw ice d aily  on each p la n t and w as 
depended upon to  a certain  exten t to  determ ine the 
am ount of draught w hich should be used, b u t as th e 
tow er v e ry  rap id ly  becam e choked, necessitatin g a 
constan t increase of d raught, th e testin g  of th e gases 
was of v e ry  sm all benefit in regu latin g th e p lant. 
H ow ever, if it were possible to  get a tow er packin g 
th a t w ould not disintegrate, so th a t th e  opening w ould 
s ta y  uniform , th e testin g  of th e  exit gases could be used 
to  a great a d van tage as a m ethod of control.

S o u t h e r n  F e r t i l i z e r  a n d  C h e m i c a l  C o m p a n y  

S a v a n n a h . G e o r g i a

PR IN T IN G  PLATES F R O M  PH EN O L R ESIN  CO M PO U N D S
B y  I , .  V . R e d m a n , A . J .  W e i t i i , F .  P .  B r o c k  

R e c e iv e d  J a n u a r y  2 6 , 1917

T h e grow th  of syn d icate  w ork in illustrated  a d ver
tisin g, com ic supplem ent and “ filler”  for our 30,000 
A m erican  N ew spapers, has created a need for a m aterial 
which will lend itself to  the rap id  production  of printin g 
plates in m anifold.

T h e p late requires to  be produced rap id ly  and in 
exp en sively  and m ust be of such q u a lity  as w ill prin t 
clearly  on th e cheap sheet used b y  d aily  papers.

Such a p late is in no w a y  inten ded to ta k e  th e place 
of copper, zinc, stone or w ood cuts where there is needed 
on ly  one cut or at m ost a v e ry  few  cuts of a n y  one su b 
ject, such as in the printin g of m agazines, books, and 
catalogs. T h e new p late  is designed to  fill th e need of 
thousands of daily  papers -which require th e sam e 
news to  print a t th e  sam e tim e, either advertisin g, 
com ic supplem ent, news of general interest to th e 
cou n try  or “ filler”  for dailies or weeklies.

P rin tin g p lates for th is w ork h ave been m ade from  
celluloid com pounds and shellac b y  pressing th e 
celluloid or shellac p lastic  into  th e original papier 
m âché m at w hich had p reviou sly  received an im pression 
from  th e zinc etching. T h e  celluloid p late is used 
exten sively . T h e  shellac p late  does not seem  to h ave 
m ade its  w ay  to  a com m ercial success. T h e  shellac 
and celluloid plates w ill not stan d  th e heat, pressure 
and m oisture required for m aking th e  papier m âché 
m at for stereotyp e m achines. Also th e  “ d ots”  m akin g 
up th e  screen in half-tones of celluloid are not fu ll
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and perfect. T h e shellac p late is b rittle  and’ re
quires careful handling.

I t  is possible th a t  a hard rubber p late  w ould be 
h igh ly  satisfa cto ry . T h e  tim e of vu lcan ization , high 
cost of m aterials and th e  fa c t th a t  hard rubber at 
70° C. w ill d istort under pressure are th e chief factors 
again st such a plate.

T h e qualities possessed b y  phenol resin m olding 
com pounds m ake these m aterials h igh ly  valuable 
for prin tin g plates. T h e  heat resistance, stren gth  
in th in  sheets, resistance to  w ater, and th e  accu racy  
and speed w ith  w hich th e y  m ay be m olded m ake them  
an excellent m aterial for th e  production  of prin tin g 
p lates in  m ultiple. T hese p lates m ay be used for 
direct printin g on flat bed  presses or m ay serve as a 
cu t from  w hich to  m ake th e  papier m âché m ats for 
stereotypes.

P ractica l difficulties h a ve  presented them selves in 
ob tainin g a sa tisfa cto ry  m old for use in  m akin g m ani
fold  p lates from  phenol m olding com pounds. If  the 
molds be m ade from  a h igh -grade steel and case-hard- 
ened, the expense is p roh ib itive; if th e original zinc 
etchin g be used, a n ega tive  figure or p icture is produced 
on th e m olded phenol sheet; and if a  m old be m ade of 
th e zinc or lead etchings, th e pressure required for 
form ing th e  phenol resin in to  shape destroys th e sh arp 
ness of th e zinc or lead  cu t a fter a  few  operations.

A  sa tisfa cto ry  mold in e v e ry  w ay can be m ade from  
the phenol m olding com pounds. T h e m ethod of 
producing the m old in which is m ade th e prin tin g plate 
in m anifold is as follow s:

A  sheet of th e  p lastic  phenol m olding com pound 
is placed on a hot p late  or steam  ta b le  th e  sam e as in 
shellac m olding and is k ep t there until th e sheet has 
heated th rough  and becom e soft and pliable. T h e 
original zinc etch in g is then  p laced on top  of th e warm  
plastic sheet and both  are placed in  a h ot press. A n y  
source of heat, gas, steam  or e lectricity , w ill do for the 
hot press. In  th is case steam  is th e m ost sa tisfa cto ry  
and e lectricity  th e least desirable. T h e  pressure is 
raised gra d u ally  to  abou t 2000 lbs. per sq. in., and the 
com pound is allow ed to  harden for a few  m inutes. 
C on trollin g bars preven t th e press heads from  com ing 
too close together, and insure an accu rate  thickness 
for th e  m old and later also for th e  prin tin g plate. 
Open on ev ery  side, th e p lastic  com pound is allow ed 
to flow ou t around th e edges. T h e m old is form ed this 
w ay to  a pre-determ ined thickness, gen erally  Vie to 
V32 in.

T h e tem perature a t w hich th e  operation is carried 
on varies from  285 to  400° F ., depending upon th e 
q u ality  of the m aterial used, and th e tim e during which 
the m aterial is to  be left in  th e  press. L onger tim e 
and low er tem peratu re g ive a tou gher p roduct th an  do 
the higher tem peratures and shorter tim e. In  this 
respect, th e hardening of all phenol resins bears a v e ry  
close sim ilarity  to  th e vu lcan izatio n  of rubber.

T h e p lastic  sheet as soon as it  has hardened is re
m oved hot from  the press, and the zinc or lead etchin g 
is tak en  off. T h e p lastic  sheet is now  hard  and has 
on its face the n egative  of the original zinc etching,

and in  p ractice is know n as th e mold. On th is n egative 
cast or m old, w arm  fresh p lastic  sheet is laid, placed 
carefu lly  in the press and sub jected  to  pressure for a 
few  m inutes. A s soon as th e fresh sheet has hardened 
it is rem oved from  th e  m old. T h is tim e th e positive 
printin g plate is produced, it being th e reverse of the 
n egative  mold. T h is second m olding operation re-

F i g .  I  - P r i n t i n g  P l a t e  
Molded already bLocked

quires abou t ten  m inutes for a com plete cycle of opera
tions, and m ay be reproduced m an y thousands of 
tim es w ith  no appreciable deterioration  to th e  original 
m old m ade from  th e phenol plastic. Since th e  average 
single colum n cut is abou t tw o inches b y  three inches, 
and a sa tisfa cto ry  com m ercial press is eighteen inches 
b y  eighteen inches, this allow s three hun dred plates 
per hour to  be m ade in a single tw o-p laten  press.

Ready f o r  Mounting 
Combination o f  

H a l f - t o n e ,  L ine & P r i n t

F i g .  TTT -  B o i l e r  P l a t e  
Ready f o r  Mounting 
Showing D i f f e r e n t  

Types Reproduced 
on One Cut  — >■
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A s th e p lastic  sheet and m old w ould n atu ra lly  weld 
together in th e  hot press, various m ethods are used to 
preven t th e p late stick in g to  the n egative m old or 
cast. A  lay e r  of oiled paper, thin  m etal, ta lc  dust, 
etc., betw een th e m old and cast has proven sa tis fa cto ry  
b u t care m ust be ta k en  when using paper or foil to  see 
th a t it is n ot torn  or troub le m ay result.

T h e use of th e foil or paper produces a rounded 
point to th e h alf-tone screen and produces a more 
desirable prin tin g p late th an  the original zinc etchin g 
w hich generally  has a protruding crow n or shoulder 
th e re b y  allow ing ink to  collect behind the point, soon 
blurring th e p late. T h e  sm ooth rounded point pro
duced on th e phenol p lastic  b y  th e use of the in ter
m ediate paper or m etal foil m akes a p late  w hich does 
not gum  up and blur w ith  the printing ink.

H alf-tones h ave been produced from  150-mesh screen 
and 150 screen is th e  highest used in ord inary h alf
tone w ork. T h e ord inary new spaper cu t is produced 
from  screen n ot exceeding 100 mesh, as th e larger dot 
is required for printing on coarse cheap paper.

A n y  form  of line w ork can be reproduced w ith  
accu racy  and is in general an easier proposition to 
handle th a n  th e half-tone.

M ounted  plates m ay be m olded d irectly  upon th e 
b lock of wood and com e from  the press b locked and 
rea d y  for flat bed printing. In  th is form  th e  cut can 
n ot be unblocked. T h e plates are also produced in 
thin  form  ( l/ie inch th ick) and are afterw ards in 
another operation  b locked b y  ta ck in g  or gluing like 
the regular zinc cuts. P lates b locked  or m ounted on 
wooden b locks b y  ta ck in g  m ay be readily  unblocked.

T h e  w eight of th e m olded p late is one-sixth the w eight 
of the corresponding zinc etchings, and contributes 
a savin g in shipping costs equal to  the original cost of 
th e plate. One square inch o f p late weighs V« oz. 
R e a d y  for shipping 35 sq. in. w eighs 4 oz. I t  should 
be borne in mind in th is case th a t in exten sive ad ver
tisin g th e cost of m ailing or expressing th e zinc cuts 
is often  equal to  th e original cost of the etching.

R e d m a n o l  C h e m i c a l  P r o d u c t s  C o m p a n y  

6 3 6  W .  2 2 n d  S t r e e t  

C h i c a g o

TH E SETTING OF LITHARGE-GLYCERINE CEM EN T1
B y H . E . M e r w i n  

R eceived Decem ber 26, 1916

A  little  lith arge w hich had  passed a 200-mesh 
screen w as spread in a large excess of g lycerin e on a 
m icroscope slide under a cover-glass. A fter  an hour 
indications of th e cry sta lliza tio n  of another su b stan ce 
around th e surfaces of th e lith arge grains could be 
seen; a fter three hours th e new substance- w as v e ry  
apparen t; and after 24 hrs. th e original grains of 
lith arge were replaced or firm ly bound togeth er b y  
in terlockin g crysta llin e aggregates of th e  new su b 
stance. T hese aggregates consisted of rad iatin g  fibers.

G rains in a sim ilar slide held a t 800 C . for an hour 
were firm ly  cem ented. T h e new crysta ls had sim ilar 
op tica l properties in b oth  cases.

1 T his cem ent is very  im p o rtan t and  n o t fully appreciated , e. g., i t  is 
used in very  large q uan titie s  in lining th e  digesters in  th e  m anufac tu re  of 
sulfite pulp.— E d i t o r ’ s  N o t e .

G lycerin e, pure or d iluted  w ith  5 to 10 per cen t of 
alcohol or w ater, heated to  boiling and a gitated  w ith 
litharge, ga v e  sim ilar crysta ls  w hich were m uch less 
closely  aggregated. A g ita tio n  preven ted  to  a large 
exten t th e  covering of the lith arge grains b y  th e new 
crystals. In  th e best sam ple of m aterial thus pre
pared— afterw ards used for analysis— abou t 10 per 
cen t b y  volum e of u n attack ed  lith arge and 90 per 
cen t new crystals were estim ated  m icroscopically. 
A n alysis sh o w ed '70.8 per cen t of P b, w hich corresponds 
to  5 per cent residual P bO , and 95 per cen t of th e 
com pound1 C jH sO j.P b O , representing th e  new crystals.

T h e  crystals are ap p aren tly  orthorhom bic. T h e  
refractive  indices are, a  =  1.75, /3 =  1.80, 7  =  1.84, 
w ith  7  parallel to th e length . T h e crysta ls  had been 
sligh tly  a tta ck ed  b y  th e  alcohol used in w ashing 
them .

A fter  stan din g w ith glycerine for several d ays at 
ord in ary  tem peratures th e centers of th e  larger grains 
of lith arge th a t had passed a 200-mesh sieve were still 
u n attacked . P ro b a b ly  coarser grains w ould rem ain 
indefinitely.

G e o p h y s i c a l  L a b o r a t o r y  
C a r n e g i e  I n s t i t u t i o n  o f  W a s h i n g t o n  

W a s h i n g t o n , D. C .

TH E USE OF A CONDENSER TO PREVENT ARCING IN 
BOMB CALORIMETERS

B y F r e d  F .  F l a n d e r s  

Received Jan u a ry  16, 1917

C om m ercial ligh tin g current of n o  vo lts  is quite 
com m only used for ign itin g the charge in bom b calorim 
eters. A  typ ica l arrangem ent is to  connect tw o 32-
C . P . lam ps in series w ith  th e  fuse wire.

O bjections h ave been raised to  th e use of current of 
such high vo ltage on accou n t of th e uncertain  am ount 
of h eat developed b y  th e arc form ed a t th e instan t 
th e  fuse wire burns o u t.2

T h e  arc m ay be en tirely  o b viated  b y  th e  use of a 
2 mf. condenser. T h is is conn ected  across th e  leads 
running to  the fuse wire and as close to th e  la tter  as 
possible. W hen protected  in this m anner th e  110- 
vo lt current produces scarcely  a visib le sp ark  w hen th e 
current is broken.

T h e  use of th e condenser m ight also p rove ad
van tageo u s where a storage b a tte ry  or other source 
of low  vo ltag e  current is used, for even w ith  vo ltages 
as low  as xo or 12 vo lts  there is still an appreciable 
arc when th e  current is broken. Condensers satis
fa cto ry  for th e ab ove use m ay be had of alm ost an y 
electrical su p p ly  house, p a rticu la rly  those dealing 
in wireless apparatu s. T h e y  are listed  as flat telephone 
condensers, should be of abou t 2 m f. c a p a city  and 
tested  for 500 vo lts. A  v e ry  n eat one, 2 X  4 X  3/t 
inches, w as supplied b y  th e C lap p -E a sth a m  C o., of 
C am bridge, M ass., for n in ety  cents.

C h e m i c a l  L a b o r a t o r y

M a s s . C o m m i s s i o n  o n  M e n t a l  D i s e a s e s  

7 4  F e n w o o d  R o a d , B o s t o n

1 T his com pound was p repared  by  T . M oraw ski [J. prakt. Client., 
2 2  (1880), 401, and  Dingler’s polytech. J .,  2 3 5 ,  213] in his original s tudies 
of th is  cem ent.

* U . S. B ureau  of S tandards, Circular 1 1 , p .  7, Issue of M ay  15, 1911. 
T h i s  J o u r n a l , 9 (1917), 106. U nder (6), F iring  current.
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AD D R ESSES
D EVE LO PM E N T OF CH EM ICAL IN D U STR IES IN 

SO UTH ERN  CALIFORNIA SIN CE 
JANUARY I ,  19161

B y  A r t h u r  W .  K i n n e y  

In d u stria l Commissioner, Los Angeles C ham ber of Commerce

An eminent authority says that the measure of a country’s 
appreciation of the value of chemistry in its material develop
ment ‘and the extent to which it utilizes this science in its in
dustries, generally measure quite accurately the industrial 
progress and prosperity of that country.

T he year 1916 has been the most notable year in the history 
of Southern California in the amount invested in chemical 
manufacturing enterprises and in the number of new products 
exploited. Millions of dollars have been expended in modem 
plants and more than twenty new products have been developed, 
samples of which are on display at the industrial bureau of the 
Chamber of Commerce.

Very few of the people of this region appreciate the oppor
tunities and possibilities which prevail here with regard to an 
important chemical industry. The great European war, which 
has curtailed and in many instances completely shut off the old 
supply of chemicals heretofore imported, has caused an enormous 
awakening throughout our nation, and has been productive of 
a large amount of chemical research and investigation. The 
reason for this is apparent, in view of the statement that the 
volume of trade and manufacture in the United States a t the 
present time, which is directly dependent on the needs of the 
chemist, is about $7,000,000,000 per annum. As the months 
roll by  it  is being demonstrated that American chemical manu
facturers have the brains and ability to produce nearly all sub
stances which have heretofore been imported. In view of the 
authoritative statement that in California there exists a wider 
diversity of the crude chemical materials of nature than in 
any similar area of the world, it is not strange that this section 
is playing such a prominent part in the exploitation of new 
materials and is doing its full share in the building up of a great 
American chemical industry.

In this article we shall dwell only upon those Southern Cali
fornia enterprises which have commenced operation since January ■ 
1, 1916.

During the year the Hercules Powder Company has come 
into the field and invested $1,500,000 at Chula Vista, below 
San Diego C ity  proper. The improvements consist of barges 
and harvesters, two of the latter costing $45,000 and $60,000, 
respectively; a pier 2300 feet long, a  floating machine shop, 
156 tanks holding 50,000 gallons each and 9 holding 400,000 
gallons each. There are housings for an intricate mass of 
machinery, engines, electrical equipment, laboratories, evapora
tors, separators, presses, conveyors, etc. Potassium, iodine 
and acetone are taken out of solution by processes known only 
to the chemists, of which there are sixteen. Power is supplied 
by six batteries of Edgemoor boilers, with a capacity of 2700 
horse power. The plant covers an area of several acres.

A t the harbor district of Los Angeles five good-sized kelp 
products concerns have begun operations during the present 
year— the National Kelp Potash Company, Oceanic Engineering 
Company, Pacific Products Company and International Potash 
Properties Company of Long Beach, and the Diamond M atch 
Company at Wilmington. The product of the latter company 
is used by the great plants of the Diamond M atch Company 
of national fame. After considerable investigation the Depart
ment of Agriculture has decided to locate and operate at Summer- 
land, Santa Barbara County, an experimental kelp products 
plant which will have a capacity of 200 tons of kelp per day.

1 R eprin ted  from the Los Angeles Sunday  Tim es. D ecem ber 17, 1916.

This institution will cost approximately $175,000, and will give 
the potash industry a thorough tryout.

POTASH INDUSTRIES

The American Trona Corporation, of which Baron A. de 
Rapp is president, has completed during the year two costly 
refineries, one at Trona, Searles Lake, San Bernardino County, 
where the raw  material is obtained, and the other at Los Angeles 
Harbor, where the concentrated salts are to be refined.

The buildings at Searles Lake, extending a distance of one- 
third of a mile, are of fireproof construction and include labora
tories, engineers’ building, auxiliary building, evaporator build
ing, machine shops, power plant equipped with four soo-horse- 
power Babcock & Wilcox boilers, spray pond, restaurant, offices, 
sleeping quarters, physicians’ quarters with hospital and opera
ting-room and cottages for married employees. A  supply of 
fresh water is brought from the mountains sixteen miles distant.

The buildings of the plant at Los Angeles Harbor are also 
of fireproof construction and include a refinery building, office 
building, laboratory, warehouse, machine shop and power 
plant containing two 5oo-liorse-power Babcock &  Wilcox boilers.

The American Trona Company is now shipping potassium 
chloride from the Searles Lake plant. Other probable products 
from this and the harbor plants are caustic potash, permanganate 
of potash, bicarbonate of potash, borax, sodium carbonate, 
chloride and sulfate.

Another large chemical enterprise which will handle similar 
products is that of the Solvay Process Company, an $18,000,000 
corporation, now erecting a modem plant at Borosolvay, Searles 
Lake. The buildings of this concern include a power plant, 
evaporator building, machine shop, crystallization building, 
warehouses, clubhouse, commissary and cottages. The Solvay 
Process Company is the discoverer of the process for manu
facturing caustic soda and now operates large chemical plants 
at Syracuse, N . Y ., and other cities.

Other sources of potash exploited during the year have been 
the plant of the Riverside Portland Cement Company and various 
Southern California beet-sugar factories. From the first- 
mentioned source many thousand dollars’ worth were ob
tained as a by-product.

A t San Diego the Lower California Chemical Company is 
erecting the first unit of a plant which will be devoted to the 
making of orcein dyes, using as a raw material the orchilla weed, 
a moss found growing in vast quantities along the western 
coast of Lower California. I t  is claimed that these dyes can 
be produced cheaper than the imported article and are equal, 
if not superior, to the same.

DYESTUFFS

Another dyestuff enterprise of the year is the Internal D ye 
Products Company, which has recently equipped a new plant 
a t Vernon. This company is backed by Los Angeles men 
and will engage in the manufacture of aniline dyes, using as raw 
materials the by-products of the local oil refineries and gas 
plants.

A t  Corona, Riverside County, the Citrus By-Products Com
pany, a cooperative organization composed of various members 
of the California Fruit Growers’ Exchange, has been in active 
operation manufacturing citric acid from cull lemons, having 
used this year over 2000 tons of the latter. The principal 
source of this commodity has been Italy, where in some sections 
the industry consumes from one-third to the whole of the lemon 
crop.

During the year three new concerns have gone into the manu
facture of strontium nitrate. This chemical is largely employed 
in the manufacture of red fire and is used by manufacturers



392 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 9, No. 4

of fireworks and railway signals. The raw material comes from 
San Bernardino and Imperial Counties. Prior to the war prac
tically all this commodity was imported from Europe. The 
new companies in operation are P. G . Mortimer Company, 
a t  Vernon; Long Beach Chemical Company, and Southern 
Reduction Company, both at Long Beach. The latter concern 
also operates a  new plant a t Vernon, where it  is making a  high- 
grade of chloride of lime and chlorine. Another new enterprise 
at Vernon is the California Chemical Company, which is now 
erecting a  plant for the manufacture of orchard sprays.

The Linde Air Products Company, which operates factories 
in twenty or more American cities, has just completed in Los 
Angeles a modern plant for the manufacture of oxygen gas.

During the year the Grand Canyon Lime and Cement Com
pany has equipped and placed in operation a complete establish
ment for the manufacture of hydrated lime.

T he Industrial Bureau has been advised of the erection of a 
factory at Escondido which will handle eucalyptus lumber from 
the large groves in that vicinity. One of the important by
products will be eucalyptus oil, now largely used in manufactur
ing pharmaceutical preparations.

OTHER NEW PRODUCTS 

Other new products of the year are molybdic acid salts, made 
b y the Rose Chemical Company and American A lloy and 
Chemical Company, tungstic acid by the Tungsten Mines 
Company, and oxide of antimony by the Western M etals Com
pany. In addition to the foregoing there have been made in 
limited quantities molybdic oxide, ammonium molybdate, 
ferro-tungsten, ferro-manganese, ferro-vanadium, ferro-molyb- 
denum and strontium hydrate. Crude sulfur from Nevada has 
found a ready sale among our local manufacturers.

Of more than passing importance has been the exhaustive 
investigation of the Rittm an refining process made by the 
Independent Oil Producers’ Agency and the statement made 
that while fairly good results have been obtained, the installa
tion of a small plant more closely adapted to California re
quirements is being considered.

This has been a remarkable year in chemical development, 
made so largely through the incentive of high prices, and the 
things accomplished must be gratifying indeed to our business 
men and chemists. W e have here raw materials of great variety ; 
we have by-products almost without number. Adequate 
research work and the solving of the problem of keeping down 
the manufacturing costs of production should enable us to 
convert these raw products into commodities that will eventually 
bring hundreds of millions of dollars to this region.

Los A k c b l b s ,  C a l i f o r n i a

IN ITIATIO N OF E X PLO SIO N S1
By W a l t e r  A r t h u r  

Received Feb ruary  2, 1917 

Just when gunpowder was first known is a matter of most 
vague conjecture, but its use was recorded many centuries ago. 
Its advent into the world brought most marvelous changes into 
political matters, and at present, is playing the most important 
rôle in the greatest of all human activity. Accompanying the 
use of powder and explosives, and closely allied with their 
development, is another and most important problem— the 
initiation of the burning or explosion. Powder and explosives 
aiTord us a convenient means of doing work, if the energy repre
sented can be made use of a t a desired moment and in a manner 
perfectly safe to those using them. The character of the ex
plosion is dependent upon the efficiency of the method of igni
tion. Hence the importance of the question of initiation.

Until quite recent times, black powders or kindred mixtures 
were the only explosives in use; the energy contained was lib
erated by the burning of the mixture. This required only the

1 P resented  beFore th e  Ja n u a ry  M eeting  oF th e  Philadelphia  Section 
of the Am erican Chem ical Society, J an u a ry  18, 1917.

minutest flame to start the ignition, as the particles of the various 
components were extremely finely divided, and a very small 
amount of heat was sufficient to raise them to the ignition 
point. The method of ignition was to fill with powder a small 
opening which led into the powder chamber, and by means of a 
flame or spark, ignite this powder train from the outside. This 
was the old method of the match locks and flint locks. M ost 
of the old cannons we see in our parks and public places were 
of this type.

P R IM E R S

In 1799, Howard discovered the substance we know as mer
cury fulminate. Its ability to fire gunpowder gave rise about 
the year 1815 to the development of the percussion cap. This 
is the beginning of what might be termed internal ignition in 
contradistinction to the earlier method which we m ay style 
external ignition.

The percussion cap may be briefly described as a small metal 
capsule containing a small amount of mercury fulminate, or 
mercury fulminate mixture, or other mixture with similar prop
erties. This was used by placing it  over the ends of a small 
tube which lead to the powder chamber. When struck a  sharp 
blow, the mixture detonated, giving rise to considerable heat, 
thus igniting the powder. This method of ignition for fire
arms was in common use until very recent times and is occa
sionally seen to-day. The significance of this invention was as 
great as the discovery of guncotton or smokeless powder. It  
made the ordinary firearms much more effective by  relieving 
the gunner of any anxiety as to whether he had powder in his 
pan. I t  permitted of ready use and made the arm independent 
of the weather. The combining of the projectile, powder charge 
and priming charge into one cartridge, has made our breech- 
loading firearms and machine guns possible.

There are a number of methods of internal ignition; all of them 
are much alike. In some substances, as in light ammunition, 
where a cartridge case with a thin head can be used, the priming 
mixture is placed in the rim of the head. This rim is struck 
a sharp blow by the firing pin where it  is desired to ignite the 
powder; hence the so-called "rim  fire.”  In most instances 
the priming mixture is placed in a  small cup and inserted in 
a chamber in the head of the cartridge case, the firing of the 
priming charge being done b y  crushing the priming mixture 
between the cup bottom and the anvil. M any manufacturers 
of such ammunition place the anvil in the cup, but others make 
the anvil a part of the cartridge case, the result of the explosion 
of the primer pellet being a flame of considerable length and in
tense heat. The primer cup, being held securely in its chamber, 
allows no escape of flame except through a vent into the pow
der charge.

The length and heat of the primer flame will determine very 
largely the character of explosion in the cartridge case. If the 
flame be short and the temperature not very high, only a  por
tion of the powder may be burned before the projectile leaves 
the muzzle of the gun. This, of course, lowers the pressure 
behind the projectile; as a  result, a lower velocity of the pro
jectile is obtained. On the other hand, if the primer flame be 
long and the temperature high, all of the powder m ay be fired.

The number of mixtures proposed for use in percussion caps 
and primers is legion; four of these are as follows:

2 1 .9 %  Sulfur (flowers) 
3 0 .8 %  A ntim ony Sulfide 
47 .2 %  Potassium  C hlorate 
35 .01%  G round Glass 
28 .01%  M ercury  Fu lm inate  
14 .00%  Potassium  C hlorate 

1 .97%  Shellac 
21 .0 0 %  A ntim ony Sulfide

53%  P otassium  C hlorate  
25%  Lead Sulfocyanide 
17% A ntim ony Sulfide 
5%  T rin itro to luene  

5 1 .2 %  Potassium  C hlorate 
25 .5 %  A ntim ony Sulfide 

8 .9 %  Sulfur (flowers) 
12 .4%  G round Glass 
2 .0 %  Shellac

I t  will be seen that either potassium chlorate or mercury 
fulminate is to be found in each of them.

In order to increase the sensitiveness of the primer, an abra
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sive, sucli as ground glass, is added. The glass, due to the 
sharp edges and hardness of its particles, cuts into the particles 
of fulminate or potassium chlorate, and assists in their break
ing when the mixture is crushed under the firing pin, and as 
the firing of the primer is a result of the breaking of the crystals 
of the potassium chlorate or fulminate, the sensitiveness is thus 
very much increased.

MANUFACTURING PROBLEMS

The difficulties encountered in the manufacture and loading 
of primer mixtures are many. Owing to the extreme sensi
tiveness of such mixtures to friction or blows, they are usually 
mixed in the wet condition, and dried after loading into the 
caps.

In order to secure perfectly uniform results, it  is necessary 
to have a thorough mixture of the various components. In 
using such materials as potassium chlorate or antimony sulfide, 
a great deal of difficulty is encountered in getting the proper 
granulation. V ery coarse materials, about 100 mesh, give 
very poor results; the flame is short and the sensitiveness is 
poor. The best results come from materials of about 200 
mesh; here sensitiveness and flame length are good. The difficul
ties in using such fine mixtures comes in the mixing. These 
excessively fine materials are very difficult to mix thoroughly 
owing to the tendency to collect in small pellets which resist 
the usual mixing. One of these very small pellets is often suffi
cient to cause a misfire if it  gets into the primer cups.

Another difficulty, comparatively simple in its nature, yet 
disastrous in its results, comes from overloading the cups. 
Each cup is designed to hold a certain charge. Sometimes, in 
careless filling, the maximum charge is exceeded. The anvil 
is forced in under great pressure, the result being that the 
pellet of priming material is so hard that the firing pin cannot 
break it; the result is a  misfire.

MODERN EXPLOSIVES

W e shall turn now to another class of explosives which require 
the use of a primer to liberate their energy. In the year 1864, 
Alfred Nobel, a  Swedish engineer, used mercury fulminate 
for the purpose of filling priming caps to initiate the explosion 
of nitroglycerine and dynamite. This discovery forms one 
of the greatest advances of the last century— an advance to  
which we owe the development of the whole modem technique 
of explosives, and such giant accomplishments as the building 
of the Panama Canal. Although discovered some twenty years 
previous, it remained but little more than a scientific curiosity 
until a convenient detonator was devised. These detonators 
or dynamite caps are of two types— that which is fired by  burn
ing of a slow fuse, and that fired electrically. T hey consist of 
small copper capsules partially filled with mercury fulminate, 
or a mixture of mercury fulminate and potassium chlorate. 
The detonating cap to be fired by a slow fuse is exactly as de
scribed above, the fulminate being fired by  the burning powder 
at the end of the fuse. The detonating caps fired electrically 
are as just described, except immediately above the charge of 
mercury fulminated is a small charge of guncotton which is fired 
by the heat from a short resistance wire. The electric current 
necessary for such work depends upon the number of charges 
to be fired. These detonators are made up in various sizes 
and strengths, and are numbered from 1 to 10.
D esignation N o .. 1 2 3 4 5  6 7  8 9  10
Charge in g ram s. 0 .3  0 .4  0 .5 4  0 .65  0 .8  1 .0  1.5 2 .0  2 .5  3 .0

B y the use of electric detonators, a  great many charges may 
be fired simultaneously, thus accomplishing what would other
wise be impossible. This method also allows all persons to re
tire to a safe distance before the explosion occurs. I t  also 
affords a means of detonating quantities of nitroglycerine deep 
down in the earth, as in oil well shooting.

s u b s t it u t e s  f o r  m e r c u r y  f u l m i n a t e

Recently a great part of the mercury fulminate in these de
tonators has been replaced by picric acid, trinitrotoluene, or 
tetranitromethylamine. The strong initial effect is thereby 
increased; in this w ay 0.5 g. of mercury fulminate has been 
made to detonate a charge which required 3 .0  g. of mercury 
fulminate in the earlier caps.

The use of priming substances for high explosives in modern 
warfare is at present of much interest. The methods of appli
cation are much the same as in commercial explosives, the only 
difference being in the use of a time element in many cases. 
The initial primers are provided with firing pins which are 
actuated either by the sudden movement of the projectile in 
the gun or by the striking of the shell ^gainst some resisting 
body. Since the space in high explosive shells through which 
a firing pin might move is quite limited, a very sensitive priming 
mixture is used. Mixtures of mercury fulminate, potassium 
chlorate, a strong reducing agent, and often an abrasive such as 
ground glass are used. In order to protect these primers against 
abrasion and atmospheric agencies, shields or caps of paper or 
metal are provided. The whole of it must be so arranged 
that a light blow of the firing pin measuring only a few inch- 
ounces will suffice to bring about the necessary explosion of the 
primer. The explosion of the primer detonates a greater charge 
of mercury fulminate which communicates its detonating 
influence to the body of the main explosive. Quite often a 
booster charge is added between the fulminate and the explo
sive, and in this way the detonating action is built up.

In armor-piercing shells it  is desirable that the explosion 
take place after the shell has penetrated the armor. In this 
case the action is such that the primer is fired as a result of im
pact with the shell against the armor plate, this in turn igniting 
a train of powder so arranged that the main detonating mass 
will be exploded at the correct moment. Owing to the fact 
that these shells travel at a great velocity, only the briefest 
delay is required between the action of the primer and the 
detonator.

In high explosive shells where the entire action is to be in
stantaneous, the delay action is omitted, the explosion of 
the priming charge, detonator and boosting charge taking 
place in most rapid succession.

In the case of shrapnel shells where an adjustable time action 
is required, movable trains of powder are interposed between 
the primer and the main charge, the primer being fired from 
the set back in the gun. Shells of this type are often provided 
with two primers— one to be used with the time action, another 
one to function on impact.

There are various types of cannon primers which we cannot 
discuss at this time; most of them differ from the small arms 
primers iii size and mechanical details. Some of them are ex
ploded b y  friction instead of a  blow.

MIXING

Some of the difficulties encountered in the manufacture of 
the various priming mixtures might be of interest at this time. 
The first thing that naturally attracts attention is the mixing 
of these compositions, as they must be sensitive to blows and 
friction. The handling and loading is attended with much 
danger. As the presence of some liquid in the mixture acts as 
a  sort of cushion between the various particles, these mixtures 
are usually made up with water or alcohol. After the mixture 
has been put into place, the liquid is dried out. Some firms 
handle these mixtures dry, but it is always attended by consid
erable danger— even in the wet condition, the mixing must, or 
should be done by hand. Great care must be exercised during 
the mixing lest some portion become too dry and the friction 
from the rubbing start an explosion. The mixing tables and 
the room must be kept thoroughly clean.
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Attendant upon the danger from explosion is the danger from 
poisoning when mercury fulminate is used in the mixture or 
loaded separately. N ot only is mercury fulminate a  poison 
when taken internally, but the dust from it produces dermatitis 
and skin eruptions.

FIRING PINS

It  is interesting to note that the functioning of artillery primers 
made with a  shallow layer of a  friction mixture backed by 
mercury fulminate, is dependent upon the character of the blow. 
If a light blow is delivered, the fulminate only bums; if a severe 
blow is delivered, the fulminate is exploded. The character 
of the point of the firing pin has a great deal to do with the sensi
tiveness of primers of this type. If a blunt point be used, a 
much heavier blow is required than if a sharp firing pin be used. 
If a long taper point be used, much less disturbance of the mix
ture is produced than if a short taper point be used. A  round 
point also gives less disturbance to the mixture than a triangular 
or a square point. The maximum effect should be produced 
by a short taper sharp square point.

THEORY OF EXPLOSIONS

The question has often arisen, “ W hy does a mixture of potas
sium chlorate and some easily oxidizable agent explode when 
struck a  sharp blow?”  This is not easily answered. The ex
plosion depends, of course, upon the fact th at crystals of potas
sium chlorate are broken or fractured in the presence of some 
substance that unites with the oxygen very readily. If a sub
stance, like red phosphorus, be' in contact with the broken 
crystals, an explosion of great brisance occurs. If some sub
stance like sulfur is present, which unites with oxygen much 
less readily, an explosion occurs which is less active and the re
port therefrom is much less dull. In fact, potassium chlorate 
and red phosphorus are so active that they can scarcely be 
mixed without an explosion, while potassium chlorate and sulfur 
will admit of quite considerable mixing. If potassium chlorate 
and sugar be mixed we get merely a burning— so slow is the ex
change of oxygen.

W e m ay picture in our minds a crystal of potassium chlorate 
as made up of centers called potassium, chlorine and oxygen 
all arranged in some perfectly definite manner and held together 
by lines of force of some kind. When a crystal is broken, some 
of these lines of force between the oxygen and the other ele
ments are severed, and for the moment are free. If phosphorus 
be present, which is always on the lookout for its friend oxy
gen, it immediately seizes upon the opportunity to add another 
member to its household. The warmth of friendship produces 
sufficient heat to warm up the neighboring oxygen communi
ties to a state of activity, hence heat, flame and general rear
rangement of affairs!

The question is asked, "W hat happens when a crystalis broken 
when no phosphorus or oxidizable substance is present?”  Of 
course, this question cannot be answered at present; our knowl
edge of the molecular arrangement is too scanty. If crystals 
of mercury fulminate and a few other like substances be broken 
rather quickly even when unattended by an oxidizing sub
stance, a most severe explosion occurs. B u t why? This is 
just as difficult as the other questions. The answer may be 
made that crystals of mercury fulminate are unstable. This 
explains nothing. Perhaps some of the recent work of 
Bragg in crystal structure may eventually give us some in
formation.

The question has often been asked, "W hat properties of 
mercury fulminate enable it to act as a detonator, and in what 
w ay is the primary explosion related to the principal explosion?” 
The chief characteristic of mercury fulminate which makes it 
valuable as’ a detonating agent, is the ease with which it  can be 
exploded by simple and ordinary means and the wonderful 
pressure developed therefrom, which brings about the explosive 
decomposition of the explosive mass. A  large number of chem

icals are violent explosives and many exceed mercury fulminate 
in explosive power but are less suitable or are not suitable at 
all as detonators. Some are too sensitive to shock or friction; 
some are too insensitive. Some m ay cause the explosive wave 
in the main explosive mass to proceed too slowly. M ercury 
fulminate occupies the middle position. A  great number of 
investigators have attempted to account for the initiating 
effect of detonating compounds. Abel advanced the theory' 
of synchronism of molecular vibrations between the primary 
and secondary explosives. This theory is supported by the 
fact that many substances, as diazo-benzene, nitrate and nitro
gen chloride, could be used only in large quantities, if at all, 
as a detonator of explosives. While mercury fulminate in 
small quantities was sufficient to produce a detonation, Abel 
ascribed this exceptional behavior to a resonance phenomenon, 
which he described as a  molecular vibration which brought 
the molecules of the explosive to be detonated, into a synchro
nous vibration, thence to detonation. L. Wohler made a thor
ough investigation of the Abel theory and came to the conclu
sion that it  was not sufficient to account for the phenomenon. 
No theory advanced so far seems wholly satisfactory.

It  was found by Abel that the most violent exploding com
pounds, nitrogen chloride and iodide, are practically without 
detonating action on nitroglycerine and guncotton. Only 
once could he cause detonating action with 3.25 g.,o f nitrogen 
chloride, while 0.32 g. of mercury fulminate was sufficient to 
produce the detonating action. This remarkable difference 
is explained by Wohler, b y  the enormous pressure which mer
cury fulminate shows in contrast to that of nitrogen chloride, 
and, in addition, calls attention to the fact that, although the 
gases evolved by the explosion of the two compounds are very 
nearly equal, the heats evolved are only 312 calories per kilo 
for nitrogen chloride as against 411 calories for mercury ful
minate. Wohler attaches the greatest significance to the fact 
that the loading density of mercury fulminate is far beyond 
that of nitrogen chloride.

In spite of the-fact that nitrogen chloride has a smaller calorie 
number and a lower loading density, it  is likely that nitrogen 
chloride produces a greater instantaneous pressure than mer
cury fulminate. Judging from the shattering effects produced 
upon glass and similar bodies, nitrogen chloride greatly exceeds 
mercury fulminate in brisance. If we take into consideration 
the difference in loading density and heat evolved, we find 
that difference is not sufficient to account for the tenfold differ
ence in effect.

I t  is common practice to manufacture detonators which are 
intended for explosives that are brought to explosion with 
difficulty with a booster charge of a  like or similar substance, 
such as trinitrotoluene or tetranitromethylaniline. This sup
ports rather than opposes Abel’s theory.

In the year 1883, Berthelot offered the theory that the de
tonation of a brisant explosive was to be considered as a sudden 
wave-like decomposition, propagating through the whole mass, 
brought about by  the kinetic energy of the detonator. A c
cording to modem views, however, neither the pressure as such, 
nor the violent changes brought about by  it, is sufficient to ac
count for the detonating waves of a secondary explosive. An
other author of recent date agrees with this view th at it  is the 
adiabatic heating of the medium in contact with the priming 
substance, caused by the great pressure which initiates the 
exceedingly high velocity of the detonating waves.

The action of a blow of a hammer is often explained upon the 
assumption that the heat, into which the energy of the hammer 
is transformed on being suddenly brought to rest, heats the 
portion of the explosive struck to a temperature a t which a sud
den increase of the velocity of decomposition leads to an explosive 
velocity. I t  is quite well known that very sudden heating of 
an explosive leads to an explosion.
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How then can the detonation of an explosive be carried 
over an intervening air space? The thermal hypothesis will 
not account for this. This is explained by the compression 
and rarefaction of the surrounding air. Since the force of such 
waves decreases as the square of the distance, this theory is 
not sufficient. From what has been said, it can be seen to be 
a very complex subject, and how many theories fail when all 
the facts are taken into consideration.

DETONATORS

For many years mercury fulminate has held its place as a 
detonating substance as superior to all others. Of recent years, 
however, its place has been threatened b y  other compounds 
which bid fair to displace it. One of the most promising of 
these is lead azide; lead azide is a salt of hydronitric acid whose

N\constitution is expressed thus: || ^N H . Some investigators
N '

unite it  thus: N EE N = N —H. This acid forms a great
number of salts, as mercury azide, silver azide and sodium azide.

The heavy azides, such as lead azides, are prepared by treat
ing a  solution of sodium azide with a soluble metallic salt, such 
as lead acetate, the sodium azide being prepared from nitrous 
oxide and sodium amide.

Large crystals of lead azide and mercuric azide have been 
found to be very sensitive to mechanical shock, the sensitiveness 
increasing with the size of the crystals. Even the breaking of 
a single large crystal is said to bring about explosion. Crystals 
as large as 3 mm. in length, when dry, often explode when 
brushed with a feather. If a hot saturated solution be allowed 
to cool slowly, large crystals sometimes form, which detonate 
under water. The formation of such crystals must be avoided. 
This property is scarcely obtainable with the fulminates.

M ercury fulminate and lead azide differ very greatly in 
flash point— lead azide flashing about 330 mercury fulminate 
flashing about 1800. Lead azide in fine crystals appears to 
be less sensitive to blow than m erciuy fulminate. I t  is very 
stable when stored at high temperatures, such as 50° C.; it is, 
however, decomposed by strong sunlight. The action of lead 
azide upon metals is slight, while fulminate is quite active.

M ercury fulminate may be dead-pressed, while lead azide in
creases it brisance and explosive power with pressure. If de
tonator caps be loaded with lead azide and a booster charge, 
much less lead azide is necessary to produce the desired detona
tion. T he sensitiveness of fulminate to mechanical shocks is much 
lessened by the presence of as much as 1 per cent moisture, 
while lead azide is not much lessened by this small amount. 
This particular property is extremely valuable in case of stor
age of detonating caps in humid atmosphere.

M any other substances have been proposed as detonating 
agents. Trinitro-resorcine or lead styphnate [C6H (N0 2)s- 
02Pb] has been found to be an excellent explosive. Hexa- 
methylamine tri-peroxide-diamine [N(CH 2O .OCH 2)3N ] is said 
to exceed mercury fulminate 4 or 5 times in priming power.

A  number of others may be mentioned as:
Nitrogen tetra-sulfide, N.,S(. j

Diazo-benzol-nitrate, CjHsN0 2— NO2.

NO =

Basic mercury nitro-methane, Hg

NO =

Perchlorate of tri-mercur-aldehyde, C 10<Hg(Hg20  =  C— COH).
Dr. Alfred Stettbaclier, in Zeitschrift für das gesamte Schiess 

und Sprengstoffwesen, of Oct. i and Dec. 1, 1914, has presented 
a most splendid rćsume of recent developments in this field, 
from which paper I have drawn freely.

F r a n k f o r d  A r s e n a ł  
P h i l a d e l p h i a , P a .

W ATER-M ETERS IN THEIR SANITARY RELATIONS1
B y H e n r y  L e f f m a n n  

R eceived Sep tem ber 30, 1916

The management of an American city  is the despair of the 
efficiency expert. Ex-President T a ft  expressed the view that 
in two respects the promise of better things that had been 
seen in the formation of the United States under the Constitu
tion had seriously failed of fulfilment: procedures in courts 
and the administration of American cities. The administration 
of civil and criminal law in most parts of this country is legal
ized robbery, and the business and engineering administration 
of cities is chiefly remarkable for stupidity and dishonesty. I 
come from a city that has been widely advertised as “ corrupt 
and contented,”  and daily experience compels me to admit the 
substantial accuracy of the phrase. In spite of the development 
of the science of city-planning, miles of small streets are allowed 
to be laid out, and while the street prism is being excavated 
for w ater and gas supply and for telephone conduits, no pro
vision is made for electric light and power wires. High-tension 
currents are permitted to be carried on hideous poles through 
residential districts, involving danger to persons and property, 
and subjecting the service to'frequent interruptions from storms. 
Situated with an enormous supply of fresh water at its bound
aries, which, by the construction of simple storage reservoirs, 
could have been rendered safe for all uses, it  was for many 
years one of the worst typhoid nests in the world. Now, after 
spending many millions for installing a  plant for purification 
of these supplies, its "Solons”  are debating the problem of meet
ing a greatly increased demand, and, instead of seeking rational 
means of preventing waste, are looking towards an expensive 
enlargement of the plant.

I am presenting this paper, however, not to inveigh against 
any particular municipal administration, but to call attention 
to a relation between engineering and chemistry that I think 
is often overlooked. I have long felt that the main sanitary 
problems of municipal administration are essentially engineering 
ones, and that undue emphasis is given to the purely chemical 
data. There is, of course, no phase of municipal sanitation more 
important than water supply. W ater, by  the very necessities 
of our existence, is largely consumed now, and it must be fur
nished freely and continuously in a perfectly safe condition. 
W e are, unfortunately, accustomed to regard it  as without 
price; we think it should be "as free as air,”  b u t this cannot be 
expected in municipal life, and the sooner the citizen realizes 
that water should be paid for like food, clothing and transporta
tion, the better for all of us. Indeed, it would be well if the com
munity could be brought to feel that water of high purity is a 
luxury and should command a good price.

The interrelation between chemistry and engineering becomes- 
still more intimate by  the growth of the modem practices of 
sewage disposal. I t  has become necessary not only to secure 
an abundant supply of good water, but to restore it to reasonable 
purity after it has been used. The time is rapidly passing when 
a community m ay take as it pleases from the upper reaches of 
a stream, and throw into the lower reaches its drainage. From 
two points of view comes, therefore, the need for preventing 
water-waste, and thus the question of a controlled distribution 
is brought vividly to the notice of the sanitarian.

Such control m ay be obtained in two ways: by an intermittent 
distribution, the places supplied being provided with storage 
tanks, thus limiting the amount of water available during the 
24 hours, or by measuring the water delivered to each consumer 
and charging for it, with a minimum rate. T he storage-tank 
method with intermittent pumping is used in many foreign 
cities, and has some features to recommend it, but with the lav
ish use of water among Americans, very large tanks would be

* P resented  a t  th e  53rd M eeting  of th e  Am erican Chem ical Society* 
New Y ork C ity, Septem ber 25 to  30, 1916.
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needed. The meter-system is preferable. The mechanical 
problems in regard to water-meters are solved and many forms 
that are accurate, inexpensive and durable are available.

I have residential experience in but two cities, Philadelphia 
and A tlantic C ity, but it happens that these present a decided 
contrast in the matter of water-supply, and serve well to illus
trate the point that I wish to discuss.

Philadelphia has been notoriously wasteful of water. This 
is not due to any tendency to excessive cleanliness. Although 
about the middle of the 19th century it was often praised by 
visitors for the conditions of its streets, yet it rapidly fell from 
grace in this respect, and except as to an incomprehensible and 
reprehensible practice of frequently washing the sidewalks, it 
shows, at present, a  good deal of general neglect in street man
agement. M any years ago, an English visitor— Tupper, I 
think— said that "the carriage-ways are always dirty and the 
footways always clean.”  A t the present time, owing to lack 
of system for control of the distribution, the consumption is 
about 300 gals, per person per day ; an enormous amount, surely 
indicative of great waste. Metering is almost non-existent. A 
few householders have discovered that by installing meters a 
considerable saving of water rent m ay be secured, but this is 
merely the outcome of the ridiculously low meter rates. For 
some years, indeed, the city  ordinances forbade the installa
tion of a  meter in a  private house, and left it practically optional 
to large establishments. T he mass of consumers are on a flat 
rate, that is, based on what they may, not on what they do use. 
How any person charged with the administration of a munici
pality in any capacity can be so indifferent to business methods 
as to favor such a method would seem to be beyond human 
comprehension, but it is after all a "strictly business”  matter. 
Large manufacturing establishments and certain private 
individuals are interested in maintaining conditions which per
mit them to use water unrestrictedly, while paying less than 
their proper share of the expense of the supply, and as these 
persons exert a good deal of support to the dominant political 
party, especially in the matter of campaign contributions, a 
subservient administration ignores the just method.

Turning to A tlantic C ity— which offers an interesting contrast 
to Philadelphia, in this as in some other respects— we find ac
cording to the 1915 report of the W ater Department, that nearly 
the entire consumption is metered, and that during the months 
in which the visitors are comparatively few (October to M ay) 
the consumption is about 150 gals, per person per day. It 
must, however, not be overlooked that many hotels have an 
independent supply from artesian wells, and that the city has 
almost 110 industries that are large water users. On the other 
hand, during the dull season, it is especially the large hotels 
that are running at restricted output, and bathing is a special 
feature of the resort. This is largely sea-bathing, y et even this 
necessitates the use of fresh water both for rinsing the person 
and for the laundry of bathing suits. M ost of the large renting 
establishments now have running fresh water in every room. 
The fact that residents are required to pay for the water used 
does not seem to cause any undue restraint in the ordinary uses, 
though, of course, it tends to the installation of good plumbing 
and to keeping this in repair.

The consumption per person in Philadelphia is somewhat 
difficult to determine, and in any case, regard must be had to 
the fact that the city is spread over a wide area, and contains 
a very large number of industrial establishments that are heavy 
water users. Private sources of supply are not numerous. 
As a rule, both the subsoil and deep water obtainable within the 
city  limits is unfit for drinking and manufacturing purposes. 
The pumping data show that frequently the consumption is 
about 300 gals, per person per day, as noted above, but this 
figure is based on what is termed by engineers "plunger dis
placement”  and is generally regarded as too high. Moreover,

it does not consider leakage in the street distribution system, 
which is probably rather high. House leakage, especially in 
the flushing apparatus, is very high.

I t  is hardly necessary to present any statistics of water waste 
in American cities for nearly every one is aware of it, but as a 
brief illustration I give the results of an investigation made a 
few years ago by John C. Trautwine, Jr., who was for several 
years chief of the Bureau of W ater of the C ity  of Philadelphia. 
A  block of the characteristic two-story, small-street dwellings 
was utilized.

N um ber of dwellings (7-room ed)   ................................ 142
T o tal num ber of openings...................................................  782
N um ber leaking s lig h tly ......................................................  22
N um ber running  con tinua lly ........................    32
G allons delivered in 24 h o u rs............................................  119,800
G allons w asted by  leakage .................................................. 103,600
G allons per cap ita : D elivered ............................................ 222

A ctually  u sed .................................... 30
W asted ................................................  192

A  large portion of the waste is brought about by a  small pro
portion of users, so that a restriction by metering would affect 
mostly those who are indifferent to the welfare of others.

As I remarked above, the problem of waste-prevention has 
assumed an additional interest by reason of the necessity of 
sewage purification. A ll communities, and even occupiers of 
isolated country houses, now recognize that the effluent water 
must be brought to a fair condition of organic purity, a t least, 
and that the greater the dilution of this effluent the greater the 
cost and difficulty of treatment.

In the discussion of this subject, the main opposition to 
measured supply comes from the owners of manufacturing es
tablishments and from a limited number of well-meaning, but 
misguided people, who believe that some harm will be done if 
any restriction should be put on the use of water. Tlieir slogan 
is that "w ater should be free as air”  and that everybody should 
be encouraged to be clean. A  careful examination of the houses 
in which the worst leakages occur would probably show no 
greater degree of cleanliness than in those in which the plumbing 
is kept in repair and the water used with judgment.

The truth is, however, that the same line of argument that is 
used to prevent the introduction of meters m ay be used to 
justify free distribution of food and beverages and free amusement. 
Moreover, all the data available show that all reasonable re
quirements may be met by the system of assigning a  minimum 
allowance, and changing a flat rate, imposing additional charges 
only by those who exceed this. Careful investigations in 
American cities have shown that 7 cu. ft. (somewhat over 50 
U. S. gallons) per person, per day, will meet all necessities 
in a high-class home in a large city. In Philadelphia, at present, 
a  minimum charge of $8.00 per year allows the use of 200,000 
gals., but this is much too large, and it is proposed to raise the 
price and reduce the allowance so that $12.00 will be charged 
for 90,000 gals, per year, which in a household of five persons 
will give about 7 cu. ft. per person per day.

Briefly, then, m y thesis is that in view of the importance of 
pure water the enormous amount now required, and the neces
sity of purification of sewage, the sanitary engineer and chemist 
should use every effort to have public water supplies managed 
with rigid prevention of wastes and reckless use, and that this 
cannot be done without complete metering of the supply. Con
sumers should be taught that principles of conservation of re
sources, as well as proper management of filtration and sewage- 
disposal plants, require such a system, and further that the in
stallation of meters with the provision of a minimum charge 
does not interfere with the use of water as freely as health and 
comfort require. Municipal supplies must depend almost en
tirely on surface waters. Here and there, artesian and subsoil 
sources m ay be available, but these exceptions are of no prac
tical importance. I am still of the opinion that I expressed
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many years ago in a paper before the Pennsylvania State Board 
of Health, that unpurified surface-water is always unfit for 
drinking, and that, as concerning it, analyses— bacteriological 
and chemical— are academic. The object of science is, of course, 
the discovery of truth, and from this point of view, any addition 
to knowledge, whether the discovery of a new marking on 
Mars or the properties of the circle in non-Euclidian space, 
must be appreciated, but the sanitarian deals .with the purely 
utilitarian phase of science. I think there is no more important 
problem before the people of the United States than the con
servation of the water supply, and it is the duty of informed 
persons to insist with all possible energy upon the necessity in 
economy in the use of water, for maintaining the quality of the 
original material and for reducing the cost of the subsequent 
purification of the effluent. For these reasons, I regard the 
water-meter as a most important sanitary agent.

18 3 9  N .  1 7 t h  S t r e e t

P h i l a d e l p h i a  .

AD VAN TAG ES OF SO FTEN ED W A TER IN  LAUNDRY 
W O R K 1

B y J .  H .  R y a n  

Received N ovem ber 8, 1916

M y  topic to-day is w hat advantage softened water has over 
hard water, the saving not only to the laundryman, but also 
to the customer, and w hat the possibilities are for the equip
ment of a modern laundry with an efficient water-softening 
plant.

The laundries of this country in 1914 transacted business 
amounting to $142,503,350, and there was paid for labor 
$71,764,059; the amount invested in machinery, equipments, 
buildings, etc., was $98,055,000. These figures give some 
idea of the magnitude of the laundry business, and yet, as a 
matter of fact, it is still in its infancy. The m ajority of the 
laundries in this country are devoting most of their time to the 
laundering of the provincial stiff collar and shirt, but this portion 
of the business is b y  far the smallest part of the work that the 
average American home has to  offer. For example, one man 
in Michigan decided he would enter the family wash field and 
in less than one year increased his business over $1400 per week. 
When the American laundry is properly equipped and makes the 
proper effort to obtain this class of work, the field is practically 
unlimited.

It  might be well for us to consider for a  moment the class of 
work, also the difficulties that the laundrymen have to contend 
with. Laundry is cosmopolitan in its service. There is, of 
course, a wide range in the quality of the fabrics treated. N ot 
many years ago fabrics manufactured in this and other countries 
were heavier, very much stronger and would therefore stand 
more grief in the laundry. This class of goods is seldom ever 
used now; it has been replaced with thin delicate fabrics which 
are "loaded,”  sometimes to the extent of from 10 to 70 per cent 
in order to make them heavy and apparently more durable. 
Aside from this, every conceivable color known comes to us 
from day to day, which, in treatment, must receive the utmost 
care. Hence, the problem is a  very different one from that of 
twenty years ago. The question that the laundrymen are trying 
to solve is how to do this class of work for American homes with 
the least wear and tear and a t the lowest possible cost.

For more than a quarter of a century I have been in the 
laundry business. About half of that time I was connected with 
a laundry that used hard water exclusively. I  can best illustrate 
the point I am trying to make b y  giving you a little personal 
experience I had more than twenty years ago. In those days 
we heard very little about water analysis, or at least the laundry
men knew very little about it. All they knew about washing

1 R ead a t  the  52nd M eeting  of th e  Am erican Chem ical Society, U rbana- 
C ham paign, Illinois, April 18 to  21, 1916.

was this: if they used plenty of caustic soda or soda ash in the 
soap and a plentiful supply of bleach, their clothes would come 
out of the machine clean, but very often they were in serious 
difficulties and did not know just why; neither did they know 
just how to work their w ay out of their troubles. The story I 
am about to tell you will demonstrate beyond any question of 
doubt, the value of water softening in a  laundry and the danger 
of using hard water.

The laundryman I worked for was troubled a great deal with 
a yellow or brown cast in his work. His collars always had 
yellow seams. He insisted that it was the iron in the water that 
was causing this trouble and at a considerable expense he in
stalled a filter, but this did not do away w ith his difficulty. A t 
that time, and even now, a  great many of the laundrymen use 
chloride of lime and soda for bleaching purposes; soda is used 
to soften the bleach, in other words to prevent it  from destroying 
the soap. It  mattered very little how much of this bleach was 
used, there would still be yellow seams and edges on the collars. 
About this time I read somewhere that oxalic acid was a good 
bleacher, so I made up m y mind that I would do a little experi
menting on m y own account. I took some collars home and 
prepared a solution of oxalic and water; in this solution I placed 
the collars, rinsed them, and immediately the yellow seams 
vanished but a  green tint remained and I had considerable 
difficulty in washing out the effects of the acid. After the 
proprietor had inspected the work, he asked me one day how 
I did it and I  told him I had a  new bleach; he thought so favorably 
of the work I was doing that he offered to form a stock com
pany, if I would turn over the formula to them so they could 
manufacture it.

About this time I became a little negligent about washing the 
green tint out of the collars, so one day when I had an extra 
large amount of collars delivered to m y home and did the 
necessary work, the foreman and the proprietor made up their 
minds I was using sulfuric acid; they proceeded to experiment, 
sent out for a bottle of sulfuric acid, filled a wooden pail three- 
quarters full of water and poured in the acid until they thought 
the solution was sufficiently strong to do the work. They then 
rinsed in this solution a  nightshirt which had a decided yellow 
tint; the third time the garment went into the pail the boss 
found himself hanging onto two sleeves, the rest of the nigh t- 
shirt resting quietly and unattached in the pail; but it had the 
green tint the same as I had lef t in the collars; after this operation 

, was over I told them of m y secret bleach and when they used 
oxalic acid in their rinsing and blueing water in sufficient quan
tities the yellow edges would disappear.

This particular laundryman never knew just w hy or how the 
acid was taking care of the yellow seams, neither did he know 
just what was making the yellow seams; it was the result of 
attempting to break hard water in the machine by using an 
excessive amount of alkali.

I t  is not necessary for me to go into detail in attempting to 
bring to your minds the great hazard the laundryman takes 
when he attempts to break hard water in the machine, especially 
when it is loaded with clothes. You  might ask me if there is 
any danger in using soft water when the water is treated in a 
water softener. The facts are that the danger is identical with 
that of the hard water, so far as the use of acid is concerned; 
the minute the alkalinity is raised above 7 grains trouble starts 
and then the acid remedy will have to be applied.

There are three water softener systems that are generally 
used in the laundries of this country: the intermittent, the 
continuous and the four-pipe systems. The intermittent 
system is seldom used, so it leaves the field open, practically 
speaking, to the continuous and four-pipe systems.

About twelve years ago, we had what was known as the old 
Tweedale system of water softening. The process of treatment
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■was purely caustic soda; we used this system for about three 
years and always had trouble whenever we reduced the hardness 
below 8 grains, because we would always have an excessive 
amount of alkalinity in the water so that it would take a large 
amount of acid to neutralize it before we were able to blue or 
destroy the yellow color that would appear in the goods after 
they were ironed. The four-pipe system, as I understand it, 
uses a caustic soda treatment, but they do not attem pt to rinse 
or blue their clothes in softened water; hence the necessity of 
the four-pipe system. I am very much opposed to the system 
of washing in soft water and then rinsing in hard, because it 
destroys all the visible effects of soft-water washing, i .  e., that 
soft velvety feeling that clothes possess when washed and rinsed 
in soft water. Our water in Kalamazoo is 21 grains and is quite 
hard— about 3 lbs. of solids to every 1000 gallons of water. 
I t  is impossible to wash clothes in our water and reduce the 
hardness below 3.5 and 4 grains with any degree of safety, for 
just as soon as the hardness is decreased below that point there is 
trouble, due to an excess of alkalinity.

W e have had splendid results with our water softening 
system. It  has been in operation now for a number of years and 
we have never had a  particle of trouble in our washroom; on the 
contrary the results have been unusually satisfactory. We 
use a continuous water softener. The treatment is 280 lbs. of 
building lime and 40 lbs. of soda ash to every 100,000 gals, of 
water. Under this treatment our water tests hardness 4, 
alkalinity 5 and causticity 3.5 grains per U. S. gallon.

W e have not used any chloride of lime or oxalic acid since we 
installed our water softening plant. W e use a little acetic for 
our blue. W e have always claimed that the secret of good 
washing was pure clear soft water and I believe we have demon
strated this beyond any question of doubt. W e believe we are 
doing more family washing than any other city  in America 
twice our size and we attribute this largely to the method of 
treating our water and our washing methods in general.

SAVINGS MADE BY USE OF SOFT WATER

As an experiment we washed recently 100 shirts in raw hard 
water with 3 lbs. of neutral soap; we washed this same number 
of colored shirts in the same machine with the same amount of 
soft water with 1 lb. and 6 oz. of the same soap. W e washed 
95 lbs. of family washing in raw hard water with 2 Vs lbs. of 
neutral soap; we repeated the same operation and with the same 
weight of clothes and the same amount of soft -water as hard 
water with i 1/« lbs. of soap. All the soft water used tested 4 
grains. This is not all the saving, however; the bleach is reduced 
to a minimum and no acid is required for the purpose of neutraliz
ing alkalinity left in water or getting proper color. If we did 
not have a water softener, we would use about 1400 lbs. of 
neutral soap per week. The present market value of neutral 
soap is about $0.07, which would make our soap bill $98 a week. 
Our saving is thus about $50 per week.

The laundries using chloride of lime and oxalic acid are finding 
them a very expensive commodity at present. T o m y mind the 
present abnormal condition of the market is one of the best' 
things that has happened to many laundrymen for a number of 
years, because it has taught them that laundries using the 
proper kind of water softener can and do get along without 
the use of those chemicals and do better work. After all, what 
the laundry business needs more than any other one thing is 
plenty of pure clean soft water, and when a laundry will install 
a system of water softening that will produce this kind of water, 
a large share of its troubles will cease and the customers will be 
happier for they will receive their clothes clean, clear and soft. 
W hite goods will be white, soft, and last longer than when 
washed under any other process known to  the writer.

K a l a m a z o o , M i c h i g a n

STR EA M  IN SPECTIO N  IN  CO N N ECTIO N  W IT H  TH E  
O PERATIO N  OF SEW AG E TR E A TM EN T 

W O R K S 1

By C. B. J I o o v k r

The treatment of the sewage of municipalities is made neces
sary in order that the natural advantages of our streams m ay 
be conserved. These natural advantages consist in the op
portunities which our streams furnish as sources of supply for 
public water works and power purposes, for recreational activi
ties, and as an important factor in adding beauty to the land.

T he discharge of sewage into a stream of water may convert 
it  into a foul open sewer, or, it may have no appreciable effect 
upon the stream, the result in any case being governed largely 
by the composition of the sewage, the dilution which the stream 
affords, and the prevailing temperature. There may be found 
to-day almost any combination of these three factors and in 
fact in most of our larger inland towns and cities, a wide range 
of combination of these three factors may be observed within 
a period of one year, i. e., a given volume of sewage will encoun
ter in the stream a widely varying dilution, and, in turn, the 
mixture of sewage and stream water will be subjected to widely 
varying rates of oxidation, due to changes in temperature dur
ing the year.

The object of sewage treatment is to prevent harmful stream 
pollution and broadly speaking, this means the prevention of 
the discharge of pathogenic bacteria into the stream, or, the 
prevention of a nuisance in the stream, or both. When the prob
lem is simply one of eliminating pathogenic bacteria, chemical 
sterilization is practiced and stream inspection will reveal but 
little that cannot be ascertained through an inspection and 
analysis of the effluent of the works.

When the problem is one of the prevention of a nuisance, 
the desirability of stream inspection will increase as the dilu
tion afforded by the stream decreases. The minimum dilution 
b y the stream m ay be such that stream inspection will be un
necessary because a satisfactory stream condition m ay be safely 
assumed from the results of tests and analyses of the effluent 
of the works; furthermore, the minimum dilution may be such 
that assumptions of this character cannot be relied upon and 
the only way to check the adequacy of the treatment of the 
sewage is to inspect thoroughly the stream into which the treated 
sewage is discharged. If the stream is polluted from other 
sources, the results of stream inspection will not be a very 
reliable index of the adequacy of the treatment of the sewage 
which is discharged into the stream either above or below the 
other points of pollution.

It  is thus evident that stream inspection, in order to be of 
value, must be comprehensive and-m ust be made both above 
and below' the point of discharge of the effluent of the treatment 
works. The absence of definite standards of purity for polluted 
streams would seem to indicate a difficulty as to what should be 
looked for in stream inspection. Where the polluted stream 
passes through a sparsely settled district where land values are 
low, the standard of purity need not be as high as where the 
stream passes through a thickly settled agricultural district 
where land values are high and where a  foul-smelling and un
sightly stream would seriously reduce the value of riparian 
properties. The keeping of a stream in a non-offensive condi
tion might be all that would be required in the first case and if 
the effluent from the works will not develop an offensive odor after 
a two days’ incubation in a closed container at 3 70 C., it m ay be 
safely assumed that such an effluent when discharged into a 
stream will not produce an offensive odor regardless of the dilu
tion which the stream may afford, and under these circumstances, 
comprehensive stream inspection would hardly be necessary.

1 P resented  a t  th e  53rd M eeting  of the  American Chem ical Society, 
Septem ber 25 to  30, 1916.
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Where circumstances demand much better stream conditions 
and where the dilution a t best is slight and where the volume 
of sewage is often greatly in excess of the stream flow, compre
hensive stream inspection is a necessity in order to determine 
the adequacy of the treatment of the sewage.

A t Columbus, Ohio, a situation of this kind must be dealt 
with and the difficulty of the problem m ay be appreciated from 
the fact tliat the volume of treated sewage (18 to 25 million 
gallons) which is discharged daily into the Scioto River is often, 
during the dry, hot summer months, four times that of the daily 
volume of flow of the stream. The critical period with respect 
to the maintenance of satisfactory river conditions is from 
April 1 to December 1, this being the period of higher tempera
tures and small dilutions. The routine of river inspection 
during this period consists of an inspection trip once a week 
from a point about two miles above to a point about twenty- 
five miles below the effluent outfall of the treatment works. 
There are two inspection stations above and five below the works 
and a t each of these stations the following observations, tests, 
and analyses are made:

1— Temperature of the water of the stream.
2— Dissolved oxygen content of stream water. From this 

value and the temperature of the water, the percentage of 
saturation is calculated.

3— A  sample of the water is taken to the laboratory and the dis
solved oxygen consumed (called by  some the oxygen demand) 
test is made.

4— The methylene blue test is made on a sample of the water 
having its in  s itu  dissolved oxygen content.

5— The odor test (48 hours at 37° C.) is made on a sample of 
the water having its in  s itu  dissolved oxygen content.

6— The chlorine value is determined on a sample taken to 
the laboratory.

7— The presence or absence of odor from the stream is noted.
8— The presence or absence of color (particularly black) is 

noted.
9— The presence or absence of floating sewage solids or sludge 

is noted.
10— The stream bed is dragged to disclose the presence or 

absence of sludge deposits.
The collection of this data every week for 8 months of the 

year during the past 5 years has given the C ity  of Columbus a 
very complete record of the condition of the Scioto R iver above 
and below the treatment works and has aided m aterially in the 
enlargement of capacity and improvements in the treatment, 
which have been accomplished and are being planned.

The interpretation of this river data is often simple, but some
times very confusing. Chlorine values can often be used to 
approximate roughly the stream flow and thus to indicate the 
dilution which the stream is supplying. Chlorine values in 
connection with dissolved oxygen consumed values have in several 
instances indicated that the stream was suffering from sludge 
deposits. This condition has been found above the works near 
storm sewer outlets and a week or more after the storm flow had 
ceased, the chlorine content below' the outlet would be the same 
as that above the outlet, but the dissolved oxygen consumed 
value would be very much higher below than above. The 
chlorine value indicated an absence of recent pollution and the 
much higher dissolved oxygen value indicated that the stream 
was suffering from sludge deposits, the presence of which was 
also verified.

When an incompletely oxidized sewage effluent is discharged 
into a stream of water there are two possible sources of oxygen 
loss in the stream. The effluent rarely is more than 70 per cent 
saturated with dissolved oxygen and if the water of the stream 
has a higher saturation than the effluent, there will be a loss of 
oxygen when they become thoroughly mixed and the loss will 
be more noticeable as the dilution decreases. The second loss

results from the absorption of dissolved oxygen by the un
oxidized material in the effluent and this loss will also be more 
noticeable as the dilution decreases. The stream water supply 
of dissolved oxygen is constantly being replenished by absorp
tion of oxygen from the air. When there is a very low or 
negative dilution, the oxygen may be absorbed by the sewage 
more rapidly than it can be replenished and this results in the 
establishing of offensive anaerobic putrefaction; this condition 
may continue for several miles down the stream; then dissolved 
oxygen will begin to appear in the stream and the oxygen con
tent will continue to increase to the point of saturation, if no 
additional pollution occurs. After the point of minimum oxy
gen content has been passed and an increase in the oxygen 
content is noted, the stream m ay be said to have thrown off its 
burden and from that point on it  is convalescent and in due time 
will recover its original condition of cleanliness.

Just how far oxygen depletion in a stream should be permitted 
to go has never been definitely settled and it does not seem 
probable that a standard for general application will or should 
be adopted unless it should happen to be in the nature of an ab
solute minimum requirement. It  seems more probable that 
every case will become a law unto itself, the standard being 
evolved on the basis of local conditions and public sentiment.

In interpreting river inspection data, especially where the 
stream is pretty heavily burdened with sewage, no single test 
w'ill give a satisfactory diagnosis of the stream condition, and 
in fact, single tests of either methylene blue or per cent of satura
tion with dissolved oxygen very often give very erroneous 
ideas as to the relative condition of the stream from one station 
to another. The stream a t one point near the source of pollu
tion m ay show a fair percentage of saturation and a fair sta
bility value and at a point farther down-stream the saturation 
and stability value may be very much lower: these lower 
values would apparently indicate a worse river condition, but 
the dissolved oxygen consumed test m ay give a  value much 
lower at this point than a t the point farther up-stream, and, 
when the results of the three tests are considered it becomes ap
parent that the per cent of saturation and stability values 
often mask a great deal of potential pollution, which can be 
revealed only b y  the dissolved oxygen consumed test.

I t  has been found a t Columbus that when the stream is heavily 
burdened with sew'age the inspection must be very comprehen
sive in order to diagnose accurately or correctly the condition 
of the stream.

D i v i s i o n  o p  S e w a g e  D i s p o s a l  

C i t y  o p  C o l u m b u s , O h i o

SO M E R E M A R K S ON T H E  BIOCH EM ICAL TR E A TM E N T  
OF SEW AG E, W ITH  ESPE CIA L R EFEREN CE TO 

T H E  ACTIVATED SLUDG E M E T H O D 1
By G e o r g e  T . H a m m o n d *

The discoveries of Pasteur and others, in the field of biology, 
led to the recognition of the necessity of sewage treatment, 
not only to prevent a nuisance, but also as a  protection to the 
community from disease.

A t quite an early period the filtration of sewage was proposed 
and undertaken in England,5 but the real nature of purification 
by this means was not understood. I t  was supposed that the 
effect of the filter medium was physical and mechanical, a kind 
of straining out of suspended matter, and it was not until the 
discoveries above mentioned, and experiments that followed, 
that the real nature of the filtration processes became under
stood.

1 R ead before the  53rd M eeting of the  Am erican Chem ical Society, 
New Y ork, Septem ber 25 to  30, 1916.

* E ngineer of design, and in charge of the  Sewage E xperim ent S ta tio n , 
Brooklyn, N . Y.

* R eport, M etropo litan  M ain  D rainage, London, 1858.



400 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 9, No. 4

Meanwhile, various methods were suggested and tried for 
the treatment of sewage with chemicals. The object a t first 
appears to have been the destruction of the putrescible mat
ters, which was soon found to be impracticable; then the removal 
of them by means of chemicals effecting a  separation of the or
ganic matters from the liquid, and a precipitation thereof as 
sludge, which could be removed and disposed of separately.

I t  was also thought that the chemicals might be employed to 
destroy the biological activities (discovered by Pasteur) or the 
“ germs,”  as these a t first were called, and that this was the most 
important object to attain; as the study of biochemistry ad
vanced, the absurdity of this object became apparent, until 
a t length 110 further attem pt at sterilization, than disinfection, 
is thought by most authorities, to be desirable in sewage treat
ment. I t  is now well known and recognized that the so-called 
germs, or as we now call them more correctly, the bacteria, are 
our allies and agents in sewage treatment, and the only varie
ties of them-we fear and desire to destroy are the pathogenic 
bacteria: these have their natural habitat in living ani
mal tissue, or in animal organs, and, therefore, are dangerous, 
but, being adapted especially to life conditions within a narrow 
range of temperature, are readily destroyed.

Besides various forms of filter beds, sewage application to 
land under cultivation was employed before the biological 
processes of oxidation, etc., were understood. Experience had 
demonstrated their success and usefulness. Of these, the most 
interesting instances are the extensive farms of Paris and Berlin.

While much was done abroad in the early days of sewage 
disposal study, especially in England, it was in our own country 
that the most important experimental results were accomplished, 
and the honor of carrying the work onward to success belongs, 
very largely, to the Commonwealth of Massachusetts, and to 
the Lawrence Experiment Station.

As a result, we now recognize that the object to be aimed at 
in sewage treatment is biochemical oxidation of the unstable 
organic materials contained in the sewage, and we employ 
methods and processes, which make use of bacterial life. If 
we now use chemical precipitation, we expect that the effluent 
finally will reach stability by  means of natural biological 
agents, and, as at Worcester, either prepare it for dilution in 
a river containing myriads of bacteria, or discharge it  upon 
filter beds, removing previously as much suspended matter as 
possible, to be treated in a more intensified form. W e have 
found that the removal of solids from the sewage, as soon as 
practicable, prevents their becoming dissolved and saves the 
expense of removing the organic material after it has dissemina
ted through a vast quantity of water, to handle which is attended 
with a cost in proportion to its amount and the contained pol
lution. Such matters as we are able to remove by screens or 
tanks decreases the burden on filter beds, or on the oxygen con
tent of waterways, into which the sewage may be discharged, 
where the method employed is dilution.

Following the information published by the Massachusetts 
State Board of Health, it has become the principal object of 
sanitary engineers, in designing sewage treatment and disposal 
plants, to bring together in the most suitable and efficient man
ner the decomposable materials, the oxidizing bacteria and an 
abundant air supply for the bacteria. All forms of sewage dis
posal on land, in the method known as broad irrigation or sew
age farming, all filtration methods, such as the sand filter, the per
colating or sprinkling filter, called in England a “ bacteria bed,”  
the contact filter, etc., no less than the various forms or methods 
of treatment using compressed air forced into sewage in a tank, 
or a  filter bed, depend upon this fundamental principle, which 
is also nature’s principle, by  means of which brooks, streams, 
rivers, ponds, and indeed all natural waters, are purified. This 
principle, in short, consists of the biochemical oxidation of the 
decomposable materials present in foul water or sewage.

Since the discovery of oxidizing bacteria, there has been a 
continuous evolution or progress in the growth of scientific 
knowledge on this subject, to the investigation of which some 
of the foremost scientists have given freely their best efforts.

METHODS OF BACTERIAL OXIDATION'

T he various methods may be briefly referred to as Broad  
Irrigation, or sewage farming, which, 011 account of the small 
amount of sewage that can be applied per acre per year, is not 
now in much favor. As already mentioned, Paris and Berlin 
still employ the method, although the latter has at Wilmersdorf 
a large percolating filter plant. S a n d  filtration, instances of 
which m ay be seen at Saratoga, N. Y ., and Worcester, M ass., 
which latter has 70 acres of sand filter beds. Contact beds, or 
contact filters, as employed at Manchester, in England, and at 
many places in Europe and America. S p rin k lin g , or percolating  
filters, which may be seen at Salford and Birmingham in England, 
Wilmersdorf in Germany, Baltimore in this country, and many 
other places, both in Europe and America, which are doubtless 
the most efficient sewage treatment plants in operation at pres
ent.

These plants all depend for their treatment upon the cultiva
tion of bacteria on the surfaces of media of various forms, over 
which the sewage is applied, after having, to a greater or less 
extent, received some preparatory treatment by  means of screens, 
tanks, etc.

The most recent method of sewage treatment is by means of 
compressed air discharged into it in a tank. This has been 
denominated the "activated sludge method.”

Aeration of sewage in a tank by means of compressed air is in 
reality only a reversal of the method by filtration. In the former 
the bacteria are not only afforded their necessary oxygen by 
compressed air, but they are moved up and down through the 
liquid and brought into contact with it until the entire liquid 
is caused to have the greatest possible number of these agents 
of oxidation within it, and until they have by their life processes 
converted the unstable organic contents into a stable condition.

In the filter the same identical result is secured by applying 
the sewage to a bed of sand or of broken stone, the particles of 
which are surrounded with films formed of bacterial and other 
growths, over which the sewage percolates in the presence of 
abundant atmospheric air. The liquid in passing through the 
filter flows over the surfaces of the medium, and the more vasic- 
ular the character of the latter, the better.

M r. Wilkinson, of Manchester, England, has given us a graphic 
presentation of the relation of the ordinary filtration to the ac
tivated sludge process:

"O n starting up a new filter, the sewage shows but little change 
after passing through, but, as time goes on, a growth shows itself 
in the body of the filter, in what m ay be termed the stationary' 
framework, and colonies of bacteria accumulate there, which 
attack the sewage and effect purification, or oxidation, of the 
organic matter.

"These bacteria being mainly aerobic, an ample supply of 
air is necessary, in order that they m ay thrive, hence the neces
sity for adequate ventilation of the underdrainage. * * *
Let us take a given volume of the stationary framework from 
a ripe filter, and carefully remove the coating, or growth, through
out the material. We shall then have a certain volume of what 
m ay be termed sludge, rich in aerobic bacteria, which may be 
referred to as the activated sludge of this particular process. 
In the new process (activated sludge), the active sludge is cir
culated throughout the sewage in the presence of air, as against 
the present-day practice of passing sewage in thin films over 
active sludge retained on a stationary framework, as in the case 
of percolators.

"T h e real problem then, is as follows: T o  ascertain the most 
economical method of applying air to sewage with maintenance
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of complete circulation of the activated sludge, without any 
formation of dead banks of material. The problem may now 
be said to resolve itself into one of reproducing in a tank the 
changes which take place in a percolating filter. W e have 
our tank, which represents the walls and floor of the filter; we 
have our colonies of bacteria and the air necessary to support 
their life; and what we require to do is to provide means for sup
porting an even distribution of this life throughout the body 
of the tank, other than by allowing the bacteria to adhere to a 
stationary framework, such as stone, slate, or clinker material. 
Compressed air will both insure sufficient agitation and effect 
the desired results as regards preserving uniform contact and 
even distribution in the liquid. * * * * "

Experimenters had been investigating the treatment of sew
age by  forced aeration for many years, but the honor of naming 
the process was reserved for an English chemist. In a happy 
moment of inspiration, Dr. Gilbert Fowler, of Manchester, 
England, bestowed upon it the name "A ctivated Sludge.”  As 
is well known, the process antedates the name. Dr. Fowler 
saw the work of Clark at I.awrence in 1912, and has given the 
latter credit for his share in the development of the pro
cess.

The method itself was, in fact, the offspring of many fathers. 
It would scarcely be worth while in a brief paper like this to at
tempt the determination of the question of parentage. It  will 
serve our purpose to call attention to the fact, that previous 
to the experimental work of Colonel (now General) William M . 
Black and Professor Earle B. Phelps (a member of this society), 
at the Brooklyn Twenty-Sixth W ard Sewage Works in 1910, 
there had not been demonstrated anywhere a practical method 
of sewage treatment by  the direct application of compressed air. 
The elaborate experiments made b y  these investigators with 
various forms of tanks of sufficient size to make the tests on a 
working rather than a laboratory scale, were described fully 
in a report made by them to  the Board of Estimate and Appor
tionment of the C ity  of New York, dated February 16, 1911. 
As stated in the report, it  was found possible to reduce the de
mand of sewage for oxygen 33 per cent to 50 per cent in a reten
tion period of about 3 hrs., with the application of about two 
volumes of air per volume of sewage and by larger volumes of 
air and longer application, to obtain complete stability. As 
the cost of the process appeared to be low, about $2.00 per million 
gallons of sewage for the air, this method seemed to be a very 
attractive means of treating sewage. I t  was, however, recom
mended that further and larger experiments be conducted, or 
that the old sewage treatment plant a t the Twenty-sixth Ward 
Works be equipped for using the method in a  full size trial. 
As the latter measure was found to be impracticable, on account 
of the expense of equipping the old plant for the new method, 
it was determined to establish an experiment station for the 
study of sewage treatment at this location, to try  out this and 
other methods of treatment, and $50,000 was provided by resolu
tion of the Board of Estimate and Apportionment, dated April 
18, 1912, to carry out the work, which was placed in the charge 
of the Bureau of Sewers, of Brooklyn.

The experimental work of this plant began in 1913, and has 
continued up to the present. The results to last fall, so far as 
aeration and activation methods were concerned, were pre
sented to this society in a paper read by M r. E . J. Fort, Chief 
Engineer of Sewers, Brooklyn, a t the meeting held a t Urbana, 
111. Since that time the work has continued along these lines, 
but varied somewhat from the experiments described by Mr. 
Fort. It is not our intention to go over the ground already so 
ably covered, especially as the final report of the work of the 
Experimental Station will soon be available.

As this paper is presented by an engineer, it will be 
excusable if the chemical side of the subject is left for the 
chemist.

AERATION METHOD FROM THE ENGINEER’S VIEWPOINT

From the engineer’s point of view, the most interesting ques
tion to be considered relates to the availability of the method 
for employment in the treatment of sewage preparatory to dis
posal. The engineer’s problem and the chemist’s are, no doubt, 
the same whenever the technical side of sanitation is to be con
sidered; but, ordinarily, the engineer has also a duty to perform 
that perhaps is less scientific, but scarcely less important in 
effect, for he is charged with the design and installation of sani
tary structures to meet the pressing needs of rapidly growing 
towns and cities, the tax papers of which are usually overbur
dened already with public expenditures. These structures must 
not only be designed and built, but also maintained at a con
siderable yearly cost, a mistake or failure in which is little 
short of a public calamity. The engineer’s problem, in short, 
is quite as much related to municipal affairs and the limitations 
imposed by financial and political conditions as to the technical 
problems.

T he engineer is taught by  his daily practice to recognize that 
the sewage treatment and disposal system which experience and 
experiment demonstrate to be the most reliable, economical 
and simple in operation, which, without offense or nuisance, 
will insure an effluent satisfactory and suitable at all times for 
discharge under local disposal conditions, is the most available 
for the purpose.

This is a conservative view and, if always adhered to strictly, 
there would, perhaps, be few rank failures; but, on the other 
hand, there would be but slow progress in the science of sanita
tion. Had we been content with the early methods of treat
ment, we might, perhaps, have perfected some of them to a 
much greater degree, but we would not have made much ad
vance in our profession. While we ought to be conservative, 
we ought'also to have our eyes open for new things, in order 
that we may give our clients the benefit of new ideas and inven
tions.

So much has been published about the principal activated 
sludge plants, that it  would be scarcely necessary to give a par
ticular description or account of either of them. The writer 
visited nearly all of them during the winter and spring of the 
present year, and has been in communication with them all 
very recently.

The method certainly produces a  clear sparkling effluent, 
without smell or nuisance. The ground required for installing 
a plant is probably the least for any method of treatment, and 
the tanks are less costly than filter beds that would produce 
an effluent of equal stability. The removal of bacteria effected, 
as observed, in the effluent is remarkably high. The sludge 
contains constituents that make it of value for use in the manu
facture of fertilizer. So far the picture is roseate. B u t there are 
many difficulties that make dark shadows in this fine prospect, and 
while it  is true that progress is being made toward their solu
tion, they must be recognized and given due weight under the 
present condition of the art.

The amount of sludge which must be disposed of easily stands 
first among these problems. This varies from 2,000 to 4,000 
gallons, or even more, per 1,000,000 gallons, with a water con
tent of from 99 to 96 per cent. This sludge is highly 
putrescible, unless dewatered, which is an expensive operation. 
Success in dealing with this problem is reported by M r. Hatton, 
from Milwaukee, but the details and cost data arc not yet 
available. None of the other plants report that they have 
solved the difficulty, although encouraging remarks are in
dulged in by a few experimenters.

A t  the Armour &  Co. plant at the Chicago Stock Yards, 
experiments are still under w ay with dewatering methods, 
and their conclusions are reported as not final. It  seems to 
them, however, at the present time, that a battery of vertical 
flow settling tanks which decrease moisture to 97 per cent,
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followed by a Worthington, or similar, press, is the best method 
up to the present. The sludge, after pressing, is dried by  a 
direct or an indirect heat drier to 10 per cent moisture, which 
is necessary, in order that the material may be used in making 
fertilizer. The cost of this method is such that the commercial 
value of the product must be considerable, in order to make the 
treatment available. If means of transporting the dried prod
uct to market are costly, or fail at a critical moment, serious 
trouble m ay arise.

The only other methods mentioned are drying on sand, or 
Imhoff sludge beds, or discharging wet sludge upon land by 
various means.

One does not feel like asserting that the requirements of sludge 
disposal have as yet been successfully supplied at a cost that 
mere sludge disposal will stand. The value of the dry material 
as a  fertilizer base is, however, considerable, if markets are 
available, and transportation sufficiently easy from the plant 

'  to the factory.
"O ur further analyses of the sludge for fertilizer value,”  

writes M r. Noble, of Armour & Co., "shows it  will run between
4 .5  and 5 units of ammonia, the value of it  being, therefore, 
about what we have previously estimated, namely, $9.00 to
5io .o o  per ton in the dried state.”  These figures, it will be 
observed, refer to the sludge derived from the stockyard sew
age, and will probably not be equalled with ordinary domestic 
sewage.

I t  is quite probable that this difficulty can be overcome 
to a considerable extent by means directed to the removal of 
sludge-producing material from sewage previous to the treat
ment, as for instance, by  screens or tanks. So far no com
plete data are obtainable on this point, but experiments seem 
to justify the expectation of success. Experiments are needed 
to'show how fine such a screen should be, for if it  removes too 
much suspended matter, the process may be seriously inter
fered with. So far as the writer can speak from experience, 
the Imhoff tank is not likely to prove as successful as the screen 
in this preliminary treatment, as the tank takes out too much 
of the best size material in suspension for the activation process. 
B u t this is not stated as having been proved conclusively, and 
more data are needed on the point. If an Imhoff tank is used, 
the surplus activated sludge might be reduced to  the condition 
of Imhoff sludge, by  being introduced into the digestion cham
ber, as suggested to the m ite r  by  M r. Leslie C. Frank some
time since.

W hile the conditions at Milwaukee are rather unique and 
favorable to the activated sludge method, as well as to the trans
portation of the dewatered sludge, it is doubtful if other cities 
less favorably situated will feel justified in going to the expense 
of installing extensive plants for dewatering sludge. The combina
tion of a  commercial venture with sewage disposal need not 
necessarily prove a failure, but the chances against its success 
do not make the project seem attractive.

A  recent communication from M r. Hatton states: "A fter 
elaborate experiments on the dewatering of sludge and sludge 
drying, we find that there are very few problems connected 
therewith that have not already been solved in industrial estab
lishments where material of like, character must be treated. 
Either of two kinds of presses reduce the moisture from 99 per 
cent to 75 per cent, and there is no difficulty by  either the direct 
or indirect dryer to reduce this moisture from 75 per cent to 
10 per cent or lower.”

This statement is at least of great interest and it seems very 
promising. It  seems to the writer, however, that in most places 
the problem will always be, how to minimize the formation of 
surplus sludge, and how to get rid of what does form without 
dewatering it  in a plant especially provided for this purpose.
If it cost more per ton to dewater than the sludge will sell for, 
or the net value obtainable therefor, then even though the

value figures at $9.00 to $10.00 per ton, few will care to under
take such a venture, or a t least go further than what would 
be the fair cost of sludge disposal by  other means.

PARTIAL DRYING OK SLUDGE

Dewatering sludge is a m atter of difficulty and expense aad 
cannot but add a burden to the maintenance of a plant. This 
m ay be provided for in large plants, if the value of the sludge 
recovered warrants; but in small plants it would probably 
lead to a  nuisance and would not be usually undertaken where 
the sewage amounts to less than 10,000,000 gals, per day. T o  in
stall the necessary plant would be expensive, and the cost of 
maintenance out of proportion to the possible benefit. In great 
cities like Milwaukee, Chicago, Cleveland, etc., where trans
portation can readily be secured to a fertilizer factory, it may 
succeed, but in smaller places its success is doubtful, and unless 
new methods by which it m ay be cheaply and efficiently accom
plished are found, it  probably will seldom be undertaken. It 
is well recognized that the problem of dewatering is mainly one 
of proper design of plant and of cost. The apparatus for use 
in this process has long been known and used in the various 
trades. B u t the application of such apparatus to the sludge 
problem is as yet undeveloped, and in the stage of experiment. 
I t  is quite possible that the best method available has not yet 
been discovered.

The Schaefer-ter-Meer centrifugal sludge dryer, used on a large 
scale at Frankfort-on-the-Main, and at Hannover, in Germany, 
has been thoroughly developed as a sludge-drying machine, 
which can handle with success large volumes of sludge and 
dry it sufficiently to burn in an incinerator plant. This 
machine was experimented with at our Jamaica Sewage Dis
posal Plant, and tests show that operating on sludge containing
91.5  per cent of moisture, from a lime precipitation tank, it 
effected a removal to 64.2 per cent moisture, and operated con
tinuously while effecting this removal. The cost of this method, 
as shown by the tests, was rather high, but the tests were really 
not a complete exhibition of what these machines can do.

The Dickson method of sludge dewatering, which employs 
brewers’ yeast to effect a separation of water and sludge, also 
offers a possible means of success, and has the advantage of a 
fully developed system by means of which the dewatering and 
drying can be carried from the commencement to the comple
tion of the process, without extra handling between the various 
steps. The dried sludge leaves the apparatus in bags ready 
for shipment to the fertilizer factory, or m ay even be made a 
complete fertilizer ready for market as it  leaves the plant.

So far the cost of these methods has not been determined for 
activated sludge, but the writer believes it  will not be lower 
than the cost for drying ordinary sludge.

It  is quite possible that the sludge may be destroyed by a 
septic process where the amount of it  is not great enough to 
make dewatering an attractive measure. B u t little study has 
been done in this direction and much is desirable.

A s the sludge tends to break up and dissolve with overaera
tion and in doing so diminishes in volume, this gives promise 
of still another method that so far has received but little study.

W e have found at the Brooklyn Experiment Station that 
by  means of long-continued aeration, activated sludge 
may be broken up and reduced to 10 per cent or less, 
of its original volume. The problem is to get rid of the 
water during this reduction, so as to decrease the volume to be 
aerated. T hat this may be done seems fairly possible.

Taking the surplus activated sludge as a special problem, it 
would seem that we should be able to design a plant to reduce 
its putrescible contents by means of biological agencies. If 
we m ay treat the sewage by “ activation,”  why may we not also 
find such a means of treating the sludge? Since we have found 
that long-continued aeration Jvill reduce it to a very small vol
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ume, cannot we find means of doing this without excessive 
cost for air?

W e observe that after a short aeration period with activated 
sludge, clarification of the sewage takes place, and that out of a 
million gallons we have a net amount of 2000 to 4000 gals, of 
sludge, which we must dispose of separately, and this is about 
99 per cent water. Clearly we can afford to aerate this small 
volume for a long time, if necessary, to effect its reduction 
to a form which will not cause a nuisance. Experiment shows 
that about half of this volume is free water which can be re
moved by an hour’s tankage, and that 24 hours’ aeration of the 
sludge will separate a  large part of its remaining water, and the 
bacteria will keep on working for us.

Thus we are continually treating a diminishing quantity of 
sludge, and the problem of plant design seems the principal 
problem.

AERATION PROCESS

Another matter that is receiving the most careful attention 
is the aeration process. Air. G. L. Noble, of Armour &  Co., 
writes: "W e are attempting, by  experimental work, to de
crease the period of aeration b y  the introducing of pure cul
tures of organisms from activated sludge, which appear to be 
especially jc tiv e  in producing nitrification. Our work, however, 
along this line is only in its infancy, and we have no data to re
port, * * * ; we have found that the action of the organ
ism is inhibited by sewage .warmer than about 95 0 F .”  This 
shows the trend that experimentation is now taking, and sug
gests great possibilities; also that we have y et very much to 
learn about the method.

In the m atter of design of activated sludge plants, much might 
be said about what we have still to learn. The shape, depth, 
size and arrangement of tanks is as yet in the study period, and 
this remark applies also to the best method of supplying the air 
to the sewage in the tanks.

The earliest experiments, those made successfully by  Messrs. 
Black and Phelps, at Brooklyn, in 1910, out of which it  is quite 
possible that the entire activated sludge invention, directly 
or indirectly, developed, employed perforated pipe grids; sim
ilar methods were used elsewhere, until in England, Messrs. 
Ardem and Lockett used a porous material in their experiments 
with success. Following this, similar material came into use 
in this country, and this, while still employed extensively, has 
probably achieved no greater success that pipe grids. In the 
writer’s work, both methods were employed, but the pipe grid 
proved much the best on the average.

In conclusion, it  m ay be said that while a great deal remains 
to be learned about the problems which we have referred to, 
as well as others, and many difficulties must be overcome, the 
activated sludge method seems very promising; and while it 
may not prove as cheap as other methods of sewage treatment, 
there are many conditions which will favor its use. A  word of 
caution should be added, that the method is still in the stage 
of experiment and in using it one should frankly admit that there 
is much to be learned about it before full confidence is justi
fied.

2 1 5  M o n t a g u e  S t r e e t

B r o o k l y n , N e w  Y o r k

R E-AERATIO N  AS A F A CT O R  IN T H E  SELF
PU RIFICATIO N  OF ST R E A M S

B y E arle B. P h elps  
R eceived D ecem ber 2, 1916 

In the administrative control of stream pollution, the eco
nomic principle of maximum utilization of a  resource may 
usually be applied to divide streams into two major groups, 
depending upon whether or not they must be used as sources 
of domestic water supply. I11 the class of water supply streams.

permissible pollution is limited in bacterial terms, with secondary 
reference to organic matter per se, and to such special impurities 
as acidity, iron or harmful mineral compounds. In the case 
of streams which are not used as sources of domestic water 
supply, or where self-purification intervenes to such an extent 
that permissible pollution is not limited by water supply stand
ards, nuisance conditions become of controlling importance. 
Physical effects, visible floating material, discoloration, oily 
scums and deposits upon the bottom and side of the channel, 
and chemical changes resulting in the depletion of the dissolved 
oxygen and consequent odors as well as destruction of fish life, 
all m ay contribute to the general condition of nuisance. Each 
kind of effect has its specific remedy and a properly designed 
treatment plant is one which accomplishes the specific improve
ment required without involving additional and unnecessary 
expense in dealing with non-essentials. In fact sewage treat
ment m ay be overdone. Consider a stream providing ample 
dilution but with a sluggish flow. Removal of settleable solids 
by a  tank is obviously required. Now if zealous authorities 
insist upon the addition of a trickling filter and stop there then 
conditions in the stream are made actually worse because of 
the additional settleable solids discharged, whereas the addi
tional reduction in oxygen demand is of no advantage with the 
ample dilution present.

Of the various types of sewage treatment, those involving 
oxidation of organic m atter are at present by far the most ex
pensive, and in our endeavor to protect streams against nuisance 
conditions every effort should be made to utilize the maximum 
oxidizing power of the stream itself. A  stream will oxidize 
sewage according to its own oxygen resources which are of two 
kinds, initial dissolved oxygen and oxygen obtained through re- 
aeration. It  has usually been assumed in discussions of nuisance 
conditions that the dilution ratio is the essential criterion of 
safety but this assumption has led to unfavorable results and 
a simple computation with the data of modern sewage chemistry 
will serve to show its fallacy.

The oxygen demand of the sewage of the District of Columbia 
has a  summer value of about 300 p. p. m. The normal sewage 
flow is at a rate of about 0.25 sec.-ft. per 1000 population. The 
summer value of the dissolved oxygen in the Potomac above the 
city is approximately 8 parts. Allowing a depletion of oxygen 
down to 4 parts, a minimum value for non-nuisance conditions, 
there is required a dilution of 1 : 75 or nearly 19 sec.-ft. per 
1000 population to satisfy this oxygen demand by mere dilu
tion. Experience has shown that in open river conditions and 
with reasonably pure diluting water a stream flowT of 6 sec.-ft. 
per 1000 is ample for the prevention of nuisance, and the Chicago 
Drainage Canal was designed upon a basis of 3.3 sec.-ft. In 
the case of the rivers with 6 sec.-ft. per 1000 it is evident that 
over two-thirds the total oxygen requirements are satisfied by 
re-aeration. In a canal purposely designed to avoid any inter
ference with smooth hydraulic flow, re-aeration is at a minimum 
and it is not surprising that results are unlike those obtained 
in rivers under like dilution conditions. In so far as disposal 
of sewage by dilution in a  running stream is a process of true 
purification and not merely one destructive of stream values, 
it depends upon self-purification of the stream, in which re
aeration is an essential factor. Curiously this important matter 
has received little or no scientific attention.

BASIC PRINCIPLES OF RE-AERATION

In the present discussion of re-aeration as a factor in the self
purification of streams certain underlying principles will be 
stated and discussed for the purpose of establishing the present 
status of our information and the proper direction of future 
study.

1— Pure water exposed to the air, at a given temperature, 
will dissolve atmospheric oxygen up to a maximum amount, 
this value being known as the saturation value.
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The solubility of a  gas in water is proportional to the gas 
pressure. Since the oxygen pressure in the air is approximately 
one-fifth an atmosphere, the true solubility of oxygen in water 
exposed to pure oxygen at atmospheric pressure, is about five 
times as great as the so-called saturation value. In the pres
ence of green plant life, exposure to nearly pure oxygen is fre
quently observed and oxygen values of several hundred per cent 
of saturation are frequently recorded. A  correct knowledge 
of the true physical relation existing is quite necessary to the 
understanding of the apparently abnormal results which have 
often in the past been ascribed to faulty chemical analysis. 
T he solubility of oxygen is also a temperature function. Tables 
of saturation values are to be found in any standard work on 
water analysis. Approximately 10 parts by weight of oxygen 
will dissolve in 1,000,000 parts of water at 160 C. and the solu
bility increases roughly by  about 2 per cent per Centigrade 
degree decrease in temperature and vice versa.

2— Self-purification in a polluted stream is the result of the 
biochemical oxidation of organic matter and requires oxygen 
for its consummation. The more concentrated the organic 
matter the greater the rate of oxygen depletion.

American sewages have a  biological oxygen demand of from 
200 to 400 p. p. m. This means that if diluted with saturated 
water at 16° C. they would exhaust the oxygen supply of that 
water in dilution ratios of one part of sewage in from 20 to 40 
parts of water. W ith -greater dilutions corresponding partial 
oxygen depletion will result.

3— A stream saturated with oxygen will withdraw no more 
oxygen from the atmosphere. If  partially depleted it absorbs 
additional atmospheric oxygen and the rate of such absorption 
or re-aeration while dependent upon many other factors is di
rectly proportional to the state of depletion.

4— Under any given condition of pollution and re-aeration, 
a point of maximum oxygen depletion is reached, somewhere 
down-stream, at which the rate of depletion and the rate of re
aeration are equal. This will be termed the critical point since 
it determines the maximum effect of the pollution.

Above the critical point the oxygen content of the stream is 
diminishing, below it is increasing. The location of this point 
is evidently conditioned by the time of passage or by distance in 
hours rather than in miles. It  is also a temperature function 
since depletion is accelerated by higher temperatures. As 
the velocity of stream flow is usually at its minimum during 
the hottest months, the critical point moves up-stream rapidly 
with increasing temperatures.

5— The condition of the stream at the critical point, represent
ing a balance between rate of depletion and rate of re-aeration, 
is, at constant temperature, a function only of pollution and of 
re-aeration.

6— The capacity of a stream to dispose of sewage within any 
specified limits of nuisance is obviously measured by the con
dition of the stream at the critical point. Since it  is at a mini
mum at maximum temperature and minimum stream flow, it 
becomes under fixed temperature and flow conditions a function 
of re-aeration only:

7— The capacity of a stream for re-aeration under extreme 
conditions of high temperature and.low stream flow, therefore, 
measures its capacity to receive and dispose of sewage by self
purification within any proscribed limits of stream depreciation 
or nuisance.

In the past, although the relation of dissolved oxygen to the 
condition of a stream, as well as the fact of re-aeration, have 
been fully recognized, the relations set forth in the above princi
ples have been partially or wholly overlooked because of imper
fect ideas of the role of oxidation.

M r. Hering evidently voiced the best opinion of the day when 
lie wrote in 1887,1 "Oxidation and total destruction of sewage 

1 Q uoted from  Fuller, "Sewage D isposal,” 1912, 227.

by decomposition was for a long time thought to be the main 
cause for the clarification of polluted rivers. To-day it is known 
to be but a minor cause, compared with dilution and subsidence."

Observation made upon the old Michigan Canal showed that 
the sewage which, with a  dilution in water of i cu. ft. per sec. 
per 1000 population, and after flowing 30 miles in about as many 
hours, was quite offensive, became inoffensive after discharge 
into the Desplaines and later into the Kankakee R iver and with 
dilution increased to about 3 ft. I t  was erroneously concluded 
that the same inoffensive condition would have been obtained 
throughout by a primary dilution in 3 sec.-ft. per 1000 inhabitants.

IMPORTANCE OF OXIDATION DATA

Such a conclusion followed logically from the assumption of 
the minor importance of oxidation and the latter was apparently 
justified by the chemical methods of the times. Oxidation was 
measured in terms of nitrogen rather than oxygen and it is only 
within the past few years that the chemist has been in posses
sion of methods which correctly record the progress of the oxi
dizing reaction.

In 1906, Hering and Fuller reported upon this matter further, 
and stated,1 “ The disposal of sewage by dilution depends upon 
the amount of oxygen in the diluting water being sufficient to 
prevent putrefaction of the organic matter in the sewage as the 
latter undergoes bacterial decomposition.”  Their recommenda
tions were based upon results obtained in Massachusetts upon 
flowing streams, and were to the effect that a dilution of not 
less than 3.33 sec.-ft. per 1000 population would be necessary, 
after the elimination of trades wastes. Throughout the dis
cussion emphasis is laid upon the oxygen initially present in the 
dilution water.

The application of observational data, obtained upon running 
and comparative shallow streams where conditions are ideal for 
re-aeration, to deep canals with sluggish flow and minimum re
aeration conditions cannot but lead to unsatisfactory results. 
A  large part of the residual oxygen found in streams of the former 
type can now be shown to have been derived from natural re
aeration. If it be assumed that such residual oxygen was ini
tially present and had not been utilized by  the sewage, the ca
pacity of the sewage to consume oxygen is thereby underesti
mated and the application of the data to streams of the second 
type with deficient re-aeration will lead to insufficient dilution 
and a condition of nuisance not anticipated.

As early as 1900, Palmer2 found the dissolved oxygen at the 
lower end of the sanitary canal in August to be 5.88 per cent of 
saturation, increasing to 70 per cent after passing the dam. 
Wisner* reported in 1911 the frequent absence of oxygen for 
many miles above the lower dam at Lockport with a dilution of 
about 3.3 sec.-ft. per 1000. Passage over the dam increased 
the dissolved oxygen to about 19 per cent of saturation. The 
relative importance of dilution and re-aeration will be appreciated 
if it be noted that simple passage over the dam had the effect 
of a 25 per cent increase in saturated dilution water, or was 
equivalent to raising the dilution from 3.3 to 4.1 sec.-ft. per 1000.

Numerous other examples of the same sort are to be found in 
the literature but enough have been given to illustrate the point.

The problem of the moment deals not so much with present 
conditions as with the future. It  is of the utmost importance 
to determine the future effect of gradually increasing pollution 
upon any given stream. In connection with purification treat
ments it is highly desirable to know what degree of stream im
provement m ay be anticipated from any specified degree of 
purification in order that the cost of various treatments m ay be 
properly balanced against the benefits to be expected. Finally 
there frequently arises the problem of the effect of a very large

1 Fuller, "Sewage D isposal,”  1912, 252.
5 R ep o rt on S tream s’ E xam ination , S an ita ry  D istric t of Chicago, 

1903, 95 A .
* Quoted by Fuller, “ Sewage D isposal,” 1912, 214.
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pollution of a  hitherto unpolluted or slightly polluted area, 
following the location, for example, of new intercepting lines and 
discharge points. The essential elements of the specific and 
the general solution are as follows: Determination of the ex
tent of pollution a t a given point, measured in terms of the new 
sewage chemistry which deals with oxygen relations, and of the 
degree of self-purification and amount of residual oxygen at some 
lower point, together with temperature and hydraulic data, 
furnish the basic facts. The oxygen requirement and rate of 
oxygen depletion are then known. The condition of the lower 
station in the same terms is calculable. The actual condition 
compared with the calculated gives the re-aeration factor for 
the stretch. This must be determined for the same stretch over 
a considerable period of time in order properly to include the 
variations in hydraulic conditions. In  particular the re-aera
tion is a function of depth, velocity of flow and degree of turbu
lence. Similar data m ay be obtained at the same time over 
other typical stretches and the relation of the re-aeration factor 
to other physical and hydraulic conditions noted. From such 
a comprehensive study there will be obtained eventually the 
necessary data for the determination of the re-aeration constant 
of the stream in question under various physical conditions. 
Then the result of increasing or decreasing pollution, always 
measured in proper terms of oxygen demand, will be readily 
calculable. Repetition of the study upon another stream will 
give similar data for that stream and also permit some study 
of the effect of stream type upon re-aeration. W ith accumu
lating data of this sort it  is not unreasonable to anticipate that 
the fundamental constants will ultimately be derived with which 
the capacity of any stream to receive and dispose of sewage 
within stated nuisance limits m ay be determined in advance. 
Such constants will furnish the only rational basis upon which 
to estimate the effect of increasing or decreasing pollution, or 
the degree of purification necessary or desirable in any case. 
As these matters have been shown to be of primary importance 
in any application of the principle of conservation, to streams, 
the importance of work of this character is obvious.

In the foregoing discussion it will be noted that no reference 
has been made to either of two distinct phases of the pollution 
problem, the m atter of dangerous bacteria and that of sludge 
deposits. Both are separate and distinct problems capable of 
solution independently of the problem of oxygen supply and 
leading to nuisance of distinct character. The presence or 
absence of these factors does not influence the methods or con
clusions of this discussion, although the m atter of deposits does 
enter the analytical problem.

TH E G ERM AN  N ITR O G E N  IN D U STR Y AND TH E FUTURE 
OF G ERM AN  AGRICU LTU RE1

During the last ten years German agriculture has succeeded 
in increasing the yield of the land to an extraordinary extent, 
and in this connection a comparison with France is of 
interest.

Thirty years ago the yield per hectare in France was about 
the same as in Germany. Since then the yield in France has 
risen about 0.1, whereas Germany has nearly doubled her yield 
as indicated below:

W h e a t  Y i e l d  p e r  A c r e  i n  100 K i i . o s  

Y e a r ly  A v e r a g e  1881/86 1911/13
G erm an y ...........................................  12.8 22.3
F ran c e ................................................  12.0 13.6
R u s s i a . . . . . . . .................................. ? 6 .9

This excellent result is partly due to Farmers’ Associations, 
Agricultural Schools and the employment of modern methods,

1 E x trac t from th e  Frankfurter Handelsblatt, M ay  29, 1916.

TURBULENCE OF STREAMS A FACTOR

An important conclusion of this discussion will be touched 
upon briefly in passing. Re-aeration is conditioned among other 
things by the degree of turbulence of the stream. In quiescent 
water a diffusion gradient is established which practically stops 
re-aeration. The effect of dams and rapids in increasing aera
tion is not so much dependent upon the momentary exposure 
of the water but is largely due to the mixing action whereby the 
diffusion gradient is broken up and rc-aeration permitted to 
proceed. In  artificial canals turbulence is avoided as largely 
as possible. The effect of a single dam upon de-aerated water 
has already been shown to be equivalent to a large increase in 
initial dilution. Where dilution is for any reason limited, the 
capacity of sluggish and non-turbulent streams can be greatly 
augmented by providing for artificial turbulence at certain points 
in their course. Such turbulence need not be of the character 
of a fall, nor need it  cause a loss of head. A  number of mere 
overturns or "boils”  will be found more efficient than a single 
large fall.

The determination of the re-aeration coefficient of a stream 
has been undertaken for the first time in connection with the 
investigation of the Ohio River now being made by the U. S. 
Public Health Service under the direction of P. A. Surgeon 
W ade H. Frost. The actual analytical problem is exceedingly 
complex and the mathematical reduction and analysis of the 
results is both complicated and laborious. The work has pro
gressed to a point at which it  is obvious that results of value 
and consistent with the theory here stated have been obtained.

SUMMARY
In the development of the maximum economic use of a stream, 

its capacity to dispose of sewage and waste within any specified 
degree of depreciation or nuisance is a factor of first importance.

This capacity is limited by stream conditions and is a func
tion of the capacity for re-aeration.

For this reason the dilution unit is an improper one for a 
discussion of nuisance and self-purification and results obtained 
upon one stream, expressed in such unite, are not applicable to 
another.

Re-aeration is capable of experimental determination not only 
in single instances, but in terms of general applicability.

Its determination in such general terms involves laborious 
work of a hydraulic and analytical nature. A  beginning has 
been made along, this line in the Ohio River Investigation by 
the U. S. Public Health Service.

2 5 t h  a n d  E  S t r e e t s  

W a s h i n g t o n , D. C.

but chiefly to the ever-increasing quantities of fertilizers used. 
The following is a comparison of the amounts of fertilizers used 
per hectare during the last few years:

P o tash  N itra te  of Soda
G erm any .................................   12.05 kg. 8 .1 0 k g .
F ran ce ..............................................  0 .806  kg. 4 .1 0  kg.

Germany has always been well provided with potash, but up 
to about io  years ago had to rely almost entirely on imports 
of nitrate of soda for her nitrogen. The following table shows 
the increase in the imports of nitrate and in this connection it  
should be mentioned that about 10 to 15 per cent of these quan
tities have been used for industrial purposes.

G e r m a n  C o n s u m p t i o n  01'  N i t r a t e  or S o d a  ( M e t r i c  T o n s )

1880 1885 1890 1901 1910 1911 1912 1913
55,000 155,000 330,000 517,000 723,000 703,000 785,000 747,000

Gradually, however, the German Chemical Industry has been 
building up a substitute for nitrate in the form of sulfate of am
monia. A t the beginning of this century the production in

CURRENT INDUSTRIAL NE.W5
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Germany was still small and imports amounted to about 48,000 
tons per annum. Since 1906, however, things have changed and 
Germany has exported larger quantities than she has imported.

The development of our consumption of sulfate of ammonia 
is shown by the following table:

G e r m a n  C o n s u m p t i o n  o f  S u l f a t e  o f  A m m o n i a  ( M e t r i c  T o n s )  
Excess of Excess of
Im ports  E xports P roduct T o tal

over over from Coke Con-
Im ports  E xports Exports Im ports  Ovens, etc. sum ption

1888................... 35,000   35,000   ? ___
1900................... 23,000 2,000 21,000   104,000 125,000
190 9 ................... 58,000 59,000   1,000 281,000 280,000
191 0 ................... 31,000 93,000   62,000 313,000 251,000
1911 .................. 24.000 74.000   50,000 418,000 368,000
1913................... 35,000 76,000   41,000 501,000 460,000

The increase in the use of sulfate of ammonia has, therefore, 
been extraordinarily rapid. In the year 1913, 460,000 tons of
ammonia were used as against 750,000 tons of nitrate of soda.
Taking the manurial value of sulfate compared with nitrate 
as 4 to 3, the 460,000 tons are equal to 610,000 tons of nitrate, so 
that the two competitors were running each other pretty close 
already in 1913.

In 1914 synthetic sulfate of ammonia first entered the lists 
as a competitor of nitrate of soda 011 a practical scale. Theoret
ically, tlie possibility of producing ammonia by purely chemical 
means had long been known, and the well-known Norwegian 
method was first of all developed, the German chemical trade 
being largely interested.

The difficulties in introducing this process into Germany 
011 account of the lack of water power forced the Badisclie 
Aniline and Soda Works to develop a process of their own. In 
conjunction with Professor Haber they proceeded to do this, 
putting all their energy into the Haber process and giving up 
their Norwegian interests.

A t the beginning of the war, the Badische were producing on 
a scale large enough for one single works, but y et not sufficiently 
large to compensate for the loss of nitrate of soda. In the first 
year of the war there was accordingly a considerable shortage 
of fertilizers for agricultural purposes. B ut our chemical in
dustry quickly came to the rescue, and should the blockade of 
Germany be prolonged, we shall soon be in a position to deliver 
more nitrogen for agricultural purposes than formerly consumed 
in peace times.

The following particulars give an idea of the extraordinary 
rapidity with which the Haber process has developed. The 
capacity rose from 30,000 tons in 1913 to 60,000 tons in 1914, 
and about the middle of 1915 the output of the original works 
was about 150,000 tons. For 1916 the production is reckoned 
at 300,000 tons. I t  is no secret that the Badische Company 
has lately put up further large plants in another part of Ger
many, so that its producing capacity for 1917 will no doubt be 
considerably in excess of 1916.

Assuming that the Haber production in the near future will 
reach 500,000 tons, this process alone will represent the pro
duction of an amount of nitrogen nearly equal to the amount of 
nitrate of soda we used to import. In passing, it  m ay be men
tioned that such a production at a price of $60.00 per ton would 
represent an annual turnover of 30 million dollars for this one 
firm.

In addition further large quantities of nitrogen have been 
produced with state aid in the form of cyanamid, with the aid 
of which German agricultural needs can easily be met. Further
more the whole tendency in the coal industry has been towards 
the increase of by-product ovens. Up to the time when the 
war broke out, about one-fifth of our coal was coked, but the 
war has forced resort to coking to a far greater extent than be
fore. Everything points to the conclusion that in the near 
future the direct combustion of coal will be recognized as al
together uneconomic and disappear, and its place be taken by 
by-product processes. This of course means increased recovery

of ammonia from coal. Assuming that only double the quan
tity  of coal hitherto used is employed for the recovery of ammonia, 
the increase in sulfate of ammonia production amounts to
450,000 tons. Based on the above the following comparison 
between 1913 and 1917 can be made:

G e r m a n  C o n s u m p t i o n  o f  N i t r o g e n ,  1913, i n  M e t r i c  T o n s
Sulfate of A m m onia................  460,000 tons =  92,000 tons N itrogen
Norwegian N itra te  of L im e.. 35,000 tons =  4,500 tons N itrogen
C y an am id ...................................  30,000 tons == 6,000 tons N itrogen
Ammonia— H aber P ro ce ss ... 20,000 tons =  4,000 tons N itrogen

T o ta l ...................................  106,500 tons N itrogen
plus N itra te  of S o d a ...............  750,000 tons =  1 i6,000 tons N itrogen

G rand  T o ta l ...................... 222,500 tons N itrogen

G e r m a n  P r o d u c t i o n  o f  N i t r o g e n ,  1917, i n  M e t r i c  T o n s
Sulfate of A m m onia  700,000 tons =  140,000 tons N itrogen
N orwegian N itra te  of L im e.................  tons =  ............
C y an a m id .................................. 400,000 tons =  80,000 tons N itrogen
Am m onia— H aber P rocess.. .  500,000 tons =  100,000 tons N itrogen

T o ta l ...................................  320,000 tons N itrogen
N itra te  of S o d a ......................... None

If these statements are only approximately correct our own 
production will already next year be greater than our consump
tion before the war including'the amount of nitrate of soda im
ported. In case of need, therefore, we can altogether do without 
the importation of nitrate of soda for agricultural purposes. 
This does not mean, however, that the import of nitrate of soda 
is either unnecessary or undesirable. N itrate will remain very 
much wanted for certain purposes and agriculture will be glad 
to make use of it  as long as prices remain competitive, especially 
in view of the amount of German capital invested in the Chili 
nitrate industry. If our home production of nitrogen can be 
supplemented by nitrate of soda, so much the better, for our 
experts are agreed that we cannot give our agriculture enough 
nitrogen. The dire necessity the war has brought upon us, 
forcing us to help ourselves in all sorts of ways, has in this re
spect added a valuable gift for the future in that these new 
sources of nitrogen will enable us to increase our agricultural 
production. •

All sorts of possibilities are involved. I t  would be thoroughly 
in keeping with the character and accomplishments of the Ger
man Chemical Industry to proceed with the production of com
bined fertilizers after having successfully solved the problem 
of the synthetic production of ammonia. These new fertilizers 
m ay perhaps some day drive out the old material in the same 
w ay that synthetic indigo drove out the natural product.

It  is not impossible that Germany may become the great 
exporter of nitrogenous fertilizers. The most important point, 
however, is the increase in the productivity of our land. The 
economy of 9,000,000 pounds per annum on nitrate of soda im
ports cannot be compared in importance with the saving in our 
imports of wheat and foodstuffs which would be effected by 
means of increased fertilizing.

FO R M ATIO N  OF TOLUENE B Y  A CTIO N  OF ALUM INUM  
CH LORIDE

According to Chem . Soc. Abstracts, F . Fisher and H. Niggemaun 
[Ber., 49 (1916), 1475] have studied the conditions for the most 
productive degradation of xylene to toluene by the action of 
aluminum chloride. The best temperature is found to be that 
of boiling xylene, while 2 to 4 per cent of aluminum chloride is 
quite sufficient and 2 hours long enough for the purpose. Under 
these circumstances, xylene gives an approximate 12 per cent 
yield of toluene and also benzene and polymetliylated benzenes. 
Benzene is decomposed by the energetic action of aluminum 
chloride but without producing more than traces of toluene. 
Experiments with xylene-benzene mixtures have also been 
carried out with the hope of transferring a methyl group from the 
one to the other, but this ingenious idea has not y et led to definite 
results.— A . M cM i l l a n .
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STARTING M O TO R  ENGINES FROM  COLD

A  device for starting motor car, aeroplane and similar engines 
from cold introduced by Messrs. Gunspray, of 39 St. James 
Street, London, consists of a petrol reservoir into which dips a 
fuel tube ending in a gauze cap. This tube leads to a spray 
jet, which is enclosed in a passage through which atmospheric air 
is supplied. The' je t  is inserted in the induction pipe of the 
engine and, under the influence of the suction created by turn
ing the starting handle, is sucked up the fuel tube and atomized 
at the jet as it  is mixed with air. A  control screw, which can 
be locked in position by a locking screw, permits the air supply 
to be adjusted to form the correct explosive mixture. Com
bined with the starter, and operated by .the same control, is 
an arrangement wrhich enables extra air to be admitted to the 
cylinders, and which, it is claimed, effects considerable economy 
of fuel if judiciously used. The starter acts independently 
of the carburetor, and, in cases where a heavy fuel such as 
paraffin is employed, can be used to effect the necessary pre- 
warming of the engine.— M .

M INING IN SWEDEN

According to an article in M in in g  W orld, 92 (1917), 59, all 
the coal obtained in Sweden is got from the provinces of Mal- 
mohus and Kristianstad in the southern part of the Kingdom. 
The seams, which are of Rhaetic age, are iuterstratified with 
beds of fire clay and the two minerals are worked together. 
The thickness of the coal seams, including partings in the shale, 
varies from 3 to 5 feet. Copper is furnished from the well- 
known Falu M ine in the province of Kopparberg. There are 
enormous deposits of excellent iron ore. The output is 6,700,000 
metric tons, of which the province of Norrbotten furnishes 63 
per cent. Sweden possesses the largest supply of peat in the 
world with the exception of Russia. I t  is reckoned that there 
arc 4,000,000 hectares of peat with an average depth of 2 
metres. This may be calculated to yield about 2,000 tons per 
hectare or a total of 8,000,000,000 tons. The peat is used as 
household fuel and also for peat-litter and peat-mould. Granite is 
quarried on the west coast and also on the Baltic and forms an 
important article of export. Porphyry and marble are also 
products, the annual value of the stone exported being $360,000. 
As regards zinc, the Ammeberg mines supply most of the ore 
which is exclusively blende.— M.

ZIRKITE

Zirkite deposits, according to the B ra zilia n  R eview  of Dec. 19, 
1916, have been found in the Caldas region of Brazil which is a 
mountainous plateau about 130 miles north of the C ity  of Sao 
Paulo. Several large outcrops of the ore occur on the extreme west
erly edge of the plateau, one or two isolated boulders weighing as 
much as 30 tons. N o extensive development work has yet been 
attempted, although several cross cuts have been run to deter
mine the width of the vein and a few shallow prospect holes to 
ascertain the depth. The cursory examination of the deposits 
makes it unsafe to venture any conjecture as to the quantity of 
ore available. Deposits have been traced for a distance of 15 
miles between Cascata and Caldas and, from surface indications, 
the deposits seem to be of vast extent. Owing to the hardness of 
the ore, it  is almost impossible to drill holes for explosives; con
sequently, the method employed is the primitive one involving 
fracture by fire and water. In  some of the deposits the ore occurs 
as gravel and large pebbles embedded in the reddish clay. The 
clayey matrix greatly resembles boulder clay and, if exposed to 
the sun and air, readily dries and the zirconia can then be sep
arated from the clay by  a coarse screen. Before shipment, 
it is thoroughly washed to remove the small percentage of ferru
ginous matter still remaining.— M.

BRITISH ENGINEERING IM PORTS AND EXPORTS

W ith the Board of Trade returns for December, the figures 
of our engineering imports and exports for the whole of last year 
are now complete. The imports of iron and steel and the man
ufactures thereof in 1916 were valued at $53,860,929, an in
crease of $1,993,051, as compared with 1915 and of $1,650,134 
as compared with 1914, but the quantity was 775,033 tons as 
against 1,177,340 tons in 1915, and 1,618,015 1914- The
figures for electrical goods a t $7,933,262 were higher than 1915 
by $2,731,392 and than 1914 by $1,967,966, while machinery 
valued at $38,364,177 was less in 1915 by $4,105,790, but more 
than in 1914 by $6,142,182, though its weight was less than in 
either of these two years, being 71,456 tons against 90,006 and 
88,748 tons, respectively. Other metals and manufactures 
thereof were worth $186,378,588 or $15,257,241 less than in 
1915, but $45,277,795 more than in 1914. As regards raw ma
terials, the imports of iron ore were valued at $56,288,035, 
against $34,388,308 111 1915 and $24,742,891 in 1914 and their 
weight was 6,905,936 tons compared with 6,197,155 tons in 
1915 and 5,704,748 tons in 1914. The value of other metallic 
ores rose to  $65,672,827 from $55,556,088 in 1915 and $45,760,- 
632 in 1914. As regards the exports of engineering products 
manufactured in the United Kingdom, increased values were 
recorded in most classes. Thus, iron and steel and manufac
tures thereof went up to the value $272,072,496 from $193,- 
949,740 and $200,005,584 for the two preceding years. Other 
metals and manufactures thereof were valued at $61,059,148 
and showed an increase. Electrical goods and apparatus ex
ported were valued a t $19,714,713, showing an increase over the 
two previous years, while machinery valued a t $97,110,595 was 
higher than in I9 i5 ,b u t $53,432,251 behind 1914. Among raw 
materials 41,157,746 tons of coal, coke and manufactured fuel 
valued at $243,218,899 were exported; in 1915 the weight was 
45,770,344 tons and in 1914 the corresponding figure was 61,830,- 
485, the value being $202,570,214.— M.

RUSSIAN W ATER POW ER

It  is reported that the Russian Government has authorized 
the issue of a  bill for the "notification of centers of water-power 
from waterfalls or stretches of water suitable for supply of such 
centers of national or public importance.”  Up to the present, 
says the B oard o f Trade Jou rn al, Russian law has never pro
vided for the utilization of water-power except in the case of 
ordinary mills. Permits to make use of water-power have 
been more in the nature of certificates setting forth that the 
utilization of water-power would not interfere with naviga
tion, than concessions. These certificates were issued only after 
consulting the local owners of water frontages and thus the 
utilization of water-power depended entirely on the consent 
of private owners. T he present bill, without making any at
tempt to decide as to the ownership of -water-power, proposes 
to empower the Government to declare any waterfall or stretch 
of water capable of being used as a source of water-power as be
ing of national importance, and to take possession, either for 
government use, or with a view to granting concessions for 
its use in industries which it is desirable to foster.— M.

CINNABAR AND MERCURY FROM  NEW ZEALAND

It  is reported that H . M . Commissioner in N ew Zealand 
has forwarded some samples of cinnabar obtained from a de
posit a t Puhi Puhi (North Island) and a sampie of mercury 
distilled therefrom. The deposit has not been worked to any 
extent as yet, owing to lack of capital and experience. A t  pres
ent, drives are being made to ascertain the extent of the deposit, 
and, according to a calculation made by the Department of Mines,
10,000 tons of ore are in sight. A t a low estimate the ore is 
calculated to yield 2 per cent mercury.— M .
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CONDENSER-TUBE REPAIRS

A  method of mending condenser tubes is described in a recent 
issue of the E lectrical W orld, and it is said to have effected 
considerable saving. The method consists in cutting out the 
section containing the break and inserting a new one which is 
joined with the other sections by  an inner sleeve or ferrule 
about 2 1/ i in. long. The latter is composed of a piece of tub
ing about half as thick as the condenser tube and has a  diameter 
that will make it fit tightly in the sections to be joined. Both 
the ferrule and the ends of the section to be joined are thor
oughly tinned and sweated together. Special care must be taken 
to cut the ends square so that they will meet and make a prac
tically continuous tube. A ny solder adhering to the outside 
of the joint should be wiped off or removed by emery cloth 
so that the tube can be inserted with tube plates in the regular 
manner. To save delay in making repairs, usually several 
ferrules are prepared and tinned in advance.— M.

INDIAN SAFFLOWER OILSEEDS

In an article in the In d ia n  Trade Jo u rn al, Air. J. P. Gore 
points out that there are two varieties of Indian Safflower—  
Cartham us tinctoria  and Cartham us oxycantha, the first being 
cultivated in different parts of India while the latter grows 
as a weed in the Punjab. T he seeds of the former are small 
and flat, somewhat resembling linseed. T hey contain 6 per 
cent moisture and on extraction with ether yield 28.02 per 
cent of a pale yellow oil. There is also a considerable amount 
of woody fiber in- the seed. The fully extracted meal gave the 
following analysis: Moisture, 9.30 per cent; albuminoids,
13.50 per cent; carbohydrates, 22.80 per cent; fibrous matter, 
51.70; and ash, 3.70 per cent. T he oil is described as being a 
good drying oil and might be used in.the manufacture of soft 
soap. The author considers that this oil is worth more atten
tion for manufacture of varnishes. I t  is a t present used in the 
Northwest Frontier Provinces for the manufacture of var
nished wax cloth.— M .

A NEW HYDROCARBON

A  new hydrocarbon, to which the name Spinacidene has been 
given, was described in a paper read by M r. R. Chaston Chap
man a t a recent meeting of the Chemical Society, London. 
T he author explained that a sample of cod-liver oil submitted 
to him for analysis gave a value indicating the presence of 89 
per cent mineral, with 11 per cent of some fish oil, but, owing 
to the large amount of unsaponifiable m atter and bromine ab
sorbed, he determined to investigate the matter further. The 
oil was found to have been obtained from the livers of certain 
members of the sub-family S p ina cida e, of the Cetacea, and 
the product yielded about 90 per cent of the new hydrocarbon. 
The compound is described as being colorless and mobile, and on 
warming gave odor of the lemon terpenes. I t  is optically 
active and on exposure it becomes viscous. The ultimate 
analysis seemed to suggest the formula C25H52 and the molecular 
refractivity indicated presence of three double bonds.— M .

PLASTIC CELLULOID

A  simple method for rendering celluloid plastic is described 
in the B r itis h  M ed ica l Jo u rn al of a recent date, so that it can 
be molded into any shape for application in the tissues in cer
tain parts of the body for certain conditions. The celluloid is 
placed in ether solution and, in a few hours, it swells slightly 
and becomes soft as a jelly. I t  is then taken out of the solu
tion and molded into any shape and set aside to dry. The 
celluloid regains its original thickness and general appearance, 
but retains its new shape. A s ether is a powerful bactericide, 
it  will effectively sterilize the mold and make it ready for inser
tion.— M.

CHROMITE

Crude chromite ore, so important in modern steel metallurgy, 
says E ngineer, 123 (1917), 59, has generally to be dressed to make 
it suitable for sale. It  has usually to be broken up by hand or 
mechanically to a suitable size so that it can be hand-picked. 
The output should contain about 50 per cent of chromium 
sesquioxide. Chromite is obtained in large quantities from New 
Caledonia in the South Pacific. There is a large output from 
Rhodesia, and Greece exports chromiferous ores in considerable 
quantities. There are large deposits of low-grade ore in both 
Germany and Austria. Great Britain and France have to 
import all the chromite they require. North America has 
a small output, about 2000 tons annually, but has also to import. 
There are many chromite mines in the Ural district, mainly 
along the outcrops of the rivers Kam euka and Top K aja, which 
have yielded as much as 20,000 to 30,000 tons annually. The 
mineral is also found in some of the areas from which platinum 
is recovered. In Japan, outcrops have been found but there is 
no output as the quantities available appear to be too limited 
to encourage enterprise.'— M .

CALCIUM CARBIDE INDUSTRY

According to the T im es E n gineering  Supplem ent, No. 507, p. 16, 
the importations of calcium carbide into the United Kingdom 
for 1916 were, approximately, 24,000 tons as compared with
26,000 tons in 1915 and about 28,000 tons in 1914. The de
crease is not due to any falling off in the consumption, but there 
seems to have been a considerable shrinkage in the demands of 
private users, owing to the closing down of country houses, etc. 
This falling off was made up by the extensive demand for car
bide in the manufacture of war appliances by  means of oxy- 
acetylene welding. A  gradual increase in the use of small light 
miners’ lamps burning acetylene took place in this country 
during the past year following the lead given by the United 
States. The employment of these lamps has been shown to be 
very advantageous in increasing the output of minerals and pro
viding better illumination. The supplies of cyanamide made 
from carbide greatly decreased during the past year, owing to  
the large proportion of cyanamide being used for the preparation 
of nitrate of ammonia and nitric acid.— M.

A NEW  CELLULOID CEM ENT

The O il and Color Trade Jou rn al, 51 (1917), 416, quoting 
from a Swiss contemporary, gives an account of a new and valu
able celluloid cement for gluing leather splits together so as to 
form solid slabs of plates of leather. As is well known, celluloid 
solutions possess the drawback of being much too sticky. If 
a celluloid solution is prepared in acetone or other solvent, it is 
impossible to obtain a  substance of sufficient liquidity with more 
than 16 to 18 parts by  weight per 100 parts b y  weight of acetone, 
as, if the proportions of celluloid be increased, then the resulting 
liquid will not penetrate between the fibres of the material and 
the parts will not adhere. In order to secure a  highly liquid 
solution containing a greater percentage of celluloid, the follow
ing process must be observed: Chemically pure acetone, cellu
loid and oxalic acid are placed in a hermetically closing iron 
receptacle. The amounts are: acetone 100 kilos, celluloid 20 
to 30 kilos, oxalic acid 0.5 to 2 kilos. After hermetically closing 
the receptacle, the ingredients are thoroughly mixed by suitable 
stirring gear a t normal temperature. This is continued either 
incessantly or at intervals for a  period of 12 to 14 hours. The 
product obtained can be used at once or kept for an indefinite 
period in the hermetically closed receptacle. This adhesive must 
correspond to the absorptive capacity of the material. If too 
thin, it  must be suitably thickened and pressure m ay be used to 
force it into the material, if necessary. I t  is insolvable in water, 
it  is highly valuable for fastening leather, and will be of 
special use in driving-belt factories.— M .
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M ETAL POW DERS AND SPANGLES

Vigorous efforts, says the T im e s E n gineering S upplem en t, 
No. 506, have been made to capture certain of the industries 
which once were wholly in German hands, and, even in cases 
where the trade did not exist before the war, steps have been 
taken to assist firms who are willing to embark in the new manu
facture. It  is stated that in 1913 not a single pound of bronze 
powder was made in France although the annual consumption 
of imported metallic powders attained a total value of over 
$2,304,000. This was the more remarkable because the indus
try was first started in France a t the close of the 18th century. 
The restarting of this trade is associated with the manufacture 
of spangles which has existed in the Department of the Oise 
since 1850. These spangles are stamped out of extremely thin 
sheets of metal, chiefly alloys of copper, but a t times silver 
and gold spangles are produced from very thin leaves of the 
precious metals. T he uses of the different kinds of spangles 
are too numerous to mention. A  very important one, in the 
case of thin brass spangles, is for the brushes of dynamos, but 
they are mainly employed in decoration. The fragments, 
chippings and metallic laminae which result from the manu
facture are now being employed successfully for the prepara
tion of various kinds of bronze powders, the tints and shades 
of which are produced in a wide range of colors. A  process 
has, moreover, been devised for imparting a high polish to the 
powders thus prepared.— M.

CHINESE GAMBIER

Reports from Hong Kong, says the O il and Color Trade Journ al, 
51 (1917), 502, state that an increased trade is now being done 
in ‘ 'cunao/’ or Chinese Gambier in South China, and the amount 
of trade passing through Hong Kong runs to about 30,000 short 
tons per annum. For many generations past, the Chinese have 
used this product for dye and preservative purposes and, now that 
aniline dyes have disappeared from the Hong K ong market, this 
gambier is coming into more general use. The dye is got by  
crushing and soaking the roots of a plant known as cunao, 
the resulting liquor being drawn off and concentrated. Two 
qualities reach Hong Kong. The second-grade quality is the 
product of Indo-China and is employed for the first dyeing of the 
material, while the actual Chinese product is used for the fin
ishing dye on account of the deep brown gloss it  imparts. The 
dye is of a brown color, is highly astringent, goes excellently 
with various mordants and is extensively used in China for dye
ing silks, etc. The coarser quality is the chief component of a 
mixture used for fishing nets, sails and the like to prevent them 
rotting away. I t  has all the merits of gambier but is much 
cheaper. I t  is exported in the form of a paste but is said to lose 
its finer qualities if kept too long. If properly packed and fur
ther concentrated, there seems to be no reason w hy the product 
should not keep indefinitely.— M .

DISPOSAL OF W ASTE TIN  AND SCRAP

According to a contemporary, the borough of Hornsey, Eng
land, has put down a furnace for dealing with waste tin and 
scrap. I t  is heated by the destructor flue gases and is arranged 
in such a w ay that the work can be carried out without increasing 
the staff. The results of the first three months justify  the ex
periment as the annual receipts for 194 tons should amount to 
203 pounds ($964). I t  will be noted that, notwithstanding the 
difficulty of disposing of waste metal, the destructor yard has 
been kept clear of accumulation and, it may be said, that the 
trade has been secured with an increase of about 49 per cent upon 
the returns received from pre-war German trading and this by  
a simple process involving no material encroachment upon the 
yard space or additions to  the working staff and a  comparatively 
nominal capital outlay.— M .

THE GERMAN LIGNITE INDUSTRY

According to a report in E n gineering, 103 (1917), 104, the 
German lignite industry has fared well during the war and better 
than ever in 1916. This industry has gained considerable im
portance, notwithstanding the development in coal mining and, 
although it comprises some 300 installations, these are controlled 
by  comparatively few companies, some of which are large con
cerns with substantial capital. The shortage in the production 
of coal since the war broke out, some 28 per cent for the first 
year and about 10 per cent for the second year of the war, caused 
an immense increase in the demand for lignite and, as the fol
lowing figures show, the production in spite of the shortage of 
labor was larger in 1915 than in 1913:

P r o d u c t i o n  i n  T o n s
Y e a r  R aw  L ignite B rique tte
191 3 ...................... 87,000,000 21.400,000
191 4 ...................... 84,000,000 21,400,000
191 5 ...................... 88,400,000 23,300,000

The year 1916 is expected to show a further rise. From a 
financial point of view, the results of the lignite industry during 
the war have proved satisfactory in spite of increased expendi
ture. T he aggregate profits of the 20 leading lignite concerns 
show'but a slight decline for 1914-15, as compared with 1913-14, 
and in 1915-16 the result surpassed 1913-14. For 1913-14, the 
average dividend was 10.4 per cent, while for 1915-16 it was 
10.8 per cent, and is likely to be higher for the present year. 
The war seems to have opened up new markets and lignite has 
now become a factor of some moment in various chemical in
dustries and deposits of the substance are eagerly sought after. 
The rises have increased considerably as is shown by the fact 
that the German Petrol Company which is going in for tar produc
tion from lignite, paid 185 per cent for shares in the Rositz Lignite 
Company, which shares were below par before the war.— M.

FLAX-GROWING INDUSTRY

In the January issue of the T im es Trade S upplem en t, the possi
bility of a revival of the flax-growing industry in Great Britain 
is the subject of an article by  Dr. J. V . Eyre. The writer states 
that the experience of the last three seasons has shown that high- 
class flax-crops can be raised in the British Isles, and Belgian 
experts have declared the crops to be generally equal to those 
raised in their own country. The main difficulty since war broke 
out has been to obtain labor a t harvest time to pull the crop. 
T o  meet this difficulty, engineers and others have been engaged 
for a long time on the design of a machine to  effect the pulling 
satisfactorily and several machines are now under construction 
or are in the experimental stage in both Canada and Ireland.— M .

OILSEED CROPS

According to the Chem ical Trade Jou rn al, 60 (19x7), 71, the 
first forecast of winter oilseeds (rape, mustard, and linseed) 
crop issued by the Departm ent of Statistics, India, states that 
the total estimated area under rape and mustard reported up to 
date is 3,888,000 acres. This is 10 per cent above the area at 
this time last year. The total area under linseed is estimated at
2.627.000 acres or 3 per cent below the area for last year. The 
latest information published by the International Institute of 
Agriculture, Rome, shows that the estimate of the linseed crop 
of 1916 in the United States is 1,590,000 acres and 384,000 tons 
against 1,366,000 acres and 345,000 tons in the preceding year. 
For the Canadian crop of linseed, the estimates are 723,000 acres 
and 194,000 tons as against 806,000 acres and 265,000 tons in the 
previous year. From unofficial sources, it appears that in the 
Argentine, the condition of the linseed crop is disastrously bad 
on account of drought and the yield is expected to  be only
250.000 tons as compared with 980,000 tons last year. In  Russia, 
also, the linseed crop is reported to be poor both in quantity and 
quality.— M.
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BRITISH OIL TRADE IN 1916
The L on d on  Cham ber o f  Com merce Review  for 1916 states 

that a marked feature during the year under review has been the 
continued demand for oils of every grade and more particularly 
the higher grades of lubricating oils. Owing to increased freights 
and extra cost of insurance, prices throughout the year main
tained a very high level. In early spring conditions were very 
stringent, supplies being at a premium, and even the common 
oils brought as much as the best oils in normal times, while 
some grades were almost unobtainable. Easier conditions pre
vailed later, but towards the end of the year the market again 
hardened and, at the time of writing, there is every indication 
of a  rise in prices and a shortage of supplies. I t  is generally 
agreed that for some time after the war a return to normal will 
be impossible. Stocks have been depleted by the abnormal 
demands and the difficulty of securing freights from the other 
side of the A tlantic has increased and will not disappear as soon 
as hostilities cease. The question of future supplies is at present 
one of great anxiety to importers. There are no indications of 
any lessening of the demands by ordinary users from which it 
may be argued that, during the new year, business will be ex
tremely brisk with high prices ruling all around.— M .

TH E EXTRACTION OF SUMACH

According to an article in Leather W orld, 9 (1917), 76, when 
using sumach, it  should be remembered that this material is 
very liable to loss through faulty extraction. Of all the common 
tanning materials, sumach is the one in which the tannin is most 
easily destroyed. This loss or destruction may take place if 
the sumach is not extracted at the correct temperature. M any 
tanners think that, in order to get the whole of the tannin from 
sumach, it is necessary to boil it, but this is quite wrong as, 
by boiling the substance, 20 to 30 per cent of the tannin may be 
destroyed. The correct temperature for extraction is between 
120 and 140° P.; if the temperature is raised above this, 
some may be destroyed. The sumach should be mashed with 
water at this temperature but, after the extraction of the tannin, 
the solution should not be kept for any length of time before 
being used. A  sumach infusion ferments more quickly than that 
of any other tanning material and, if allowed to stand for some 
days, a large proportion of the tannin is lost. Contrast this with 
mimosa bark, the liquors of which can be kept almost indefinitely 
without appreciable loss. Sumach should, therefore, not be 
extracted before it is required for use. B y  observing these points, 
considerable economy in the use of sumach may be exercised. 
— M .

FRENCH COLOR INDUSTRY

The D yer and Calico P rin ter  says that a  long discussion be
tween the chemists and the pharmaceutists in the pages of 
La Revue des Produits Cliimiques reveals the fact that the 
French artificial color industry is handicapped by ancient 
enactments, the first of which became law in 1777. These date 
from the time when chemistry was ranked with astrology or 
even black magic, and the result is that, in the words of our 
contemporary, the administration officially ignores chemistry 
and the chemist. The authorities know only the engineer, 
the physician and the pharmaceutist. If, therefore, a French 
works wishes to put synthetic medicine on the market, it must 
“ interest a  pharmaceutical chemist in the manufacture of these 
products.”  The law seems to enact that a pharmaceutical 
chemist shall alone make medicine and must be on the staff 
of the color works. Certainly, he need not be resident at the 
works and may conduct his department from some other town, 
but he must accept pay for the use of his name. This adds to 
the cost of production and it is easy to see that it is an unneces
sary drawback to the French color industry in its competition 
with imported products.— M .

CRANE AND H OIST M OTORS  

The British Thomson-Houston Co., London, have designed a 
new type of motor for intermittent service, special attention being 
given to the need for avoiding breakdowns. The machine is 
described as being of the totally enclosed reversible series, wound 
commutating pole type and has been standardized for ratings 
up to 50 H. P., these ratings being based on continuous operation 
for 30 minutes at full load with a temperature rise not exceeding 
55° C. The machines are of the 4-pole type. The magnet 
frame is of cast steel made in two parts, the top half carrying the 
brush holders and being provided with lugs to support the as
sembled motor, while the bottom half has a  strong foot drilled 
for holding-down bolts. The fact that the drillings for the holes 
can be made at any place along the feet is an advantage. The 
armature core and commutator are assembled on a sleeve, a 
form of construction which permits the removal and insertion 
of a shaft without the necessity for disturbing the armature 
windings or the commutator. The armature windings are com
posed of former wound coils inserted in open slots. A valuable 
feature is that the shaft extensions are arranged to permit the 
spur gear of the brake to be mounted on either end of the shaft. 
— M .

A NEW  POCKET-LAM P

A  pocket-lamp without a battery is a recent Hungarian in
vention. An engineer of Budapest transforms muscular energy 
into electrical energy producing light. In  shape and intensity 
of light, it equals the ordinary torch-lamp. The thumb moves 
a small lever outside the case, which on being depressed and re
leased, springs back into its original position. This movement 
is transmitted through a rachet and pawl to a set of pinion gears 
which drive a small dynamo, the field of which is fitted with a 
permanent magnet. It  is necessary to keep on moving the lever 
with the thumb as long as light is required, but the energy stored 
up in the spring is sufficient to maintain light for a few minutes 
after the movement of the lever has ceased. When the design 
is carried out in a heavier form as a hand-lamp; the lever is 
actuated by squeezing two parallel handles attached to the case, 
one of which is fixed and the other movable. The principle, 
says the E n g lish  M echan ic, 105 (1917), 4, might also be applied 
to other purposes, as to ignition dynamos for blasting.— M.

RUSSIAN PLATINUM M INES

Some time ago H. M . Consul at Ekaterinburg reported that the 
annual sale by auction of the gold and platinum mines in the 
Urals was to take place at the Ekaterinburg Mines Department 
on February 6. In all 600 mines were to be put up for sale, the ma
jority being situated, as is usually the case, in the Orenburg 
Government. As a rule, these mines are bought up with the 
idea of reselling them abroad at an enhanced price. H. M . 
Consul, however, in a later report, states that the government 
authorities have decided that, until further notice, all platinum 
mineral is to be held and sales refrained from, in view of the pro
posed requisition of platinum by the government.— M .

M AGNETOS

When w ar broke out, says E n gineering, 103 (1917), 84, there 
was only one British firm manufacturing magnetos, its output 
being under 100 per week. Practically every magneto which 
went on motor vehicles, motor boats and aircraft of Great 
Britain came from Germany or America. To-day there are twelve 
or more British firms making magnetos. Their entire output, 
which reaches a total of over 165,000 magnetos, has been made for 
war purposes, being used on aeroplanes, sea-planes, airships, 
motor-lorries, motor-ambulances, motor cycles, “ tanks,”  big- 
gun tractors, motor boats, wireless sets, searchlight sets, lighting 
sets and other contrivances where magnetos are required.— M .
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CHEM ISTRY IN W ARTIM E1
B y  R i c h a r d  B .  P i l c i i k r *

Owing to the conditions of modern warfare, chemists have 
been more than ever in request. To give a full account of their 
work, if it were possible, would be imprudent, but it is well to 
place on record a statement confined to what it is permissible to 
relate, giving some indication of the importance of the pro
fession of chemistry to the nation in these times.

The Government has secured the guidance of chemists and 
other men of science to assist in the investigation of suggestions 
and inventions, and to bring their knowledge and experience to 
bear on measures and devices of offence and defence, while apart 
from those acting in an advisory capacity, chemists have been 
called for service in the field as well as in the factory. In such 
times there is a demand for the solution of problems of an 
unusual character which can be entrusted only to men of the 
highest scientific training, with initiative and foresight.

So much had we come to rely on foreign sources of supply 
for m any of our needs that means had to be found for dealing 
promptly and efficiently with difficulties, some of which, unless 
overcome, threatened serious disaster. The chemists of the 
country have not been found wanting.

T he laboratories of our universities and colleges have become 
small factories for the preparation of drugs and medicaments, 
and m any institutions have been trusted with the examination 
of materials used in the manufacture of explosives. The 
measures taken in this emergency secured uniformity in method 
and the standardisation of processes which would otherwise 
have been difficult to attain. Under the supervision of their 
professors, students unfit for service with the colours have been 
helping the country, and at the same time gaining useful ex
perience.

Several hundred chemists have been engaged for assistance 
in the laboratories and in the works of Government and con
trolled establishments supplying armaments, munitions, and 
other materials of war. M any of these have found an oppor
tunity of helping the country through the registers maintained 
by the Institute of Chemistry and other societies for this purpose. 
In cases where the number of men having technical experience 
in some branches was limited, the authorities have made arrange
ments for probationary training, so that their services should be 
available when required in new factories.

The staffs of the chemical departments of Woolwich Arsenal 
and other Government factories have been considerably aug
mented, as also that of the Government Laboratory, which, as 
the recently published report shows, has been largely responsible 
for the examination of foodstuffs and many other requirements 
of the Expeditionary Forces.

In previous wars the authorities have considered officers of 
the R. A. M . C. sufficiently trained for all necessary military 
duties involving chemical knowledge, but in the present conflict, 
with an unprecedented demand for medical men, qualified 
chemists have volunteered in such numbers as to give practical 
force to the suggestion that they should be engaged for the 
purification and examination of water supplies and for dealing 
with matters of hygiene requiring chemical knowledge. As a 
result m any have been appointed to commissions and engaged 
for scientific work, not only with the R. A. M . C., but also 
with the A. S. C. and A. O. D., and other units. Attached to 
various forces a t home, with the armies on the Continent and in 
Africa, chemists have thus rendered valuable service.

In consequence of methods of offence initiated by the enemy, 
such as the employment of poisonous gases, there arose a further 
demand for men with training in chemistry for service in the 
field. For the duties involved the authorities deemed it ex
pedient to enlist men with such training rather than entrust 

1 Proceedings o f the Institute o f  Chemistry (1917), copied from the  
Chemical Trade Journal and Chemical Engineer, 60 (Feb. 24. 1917), 163,

1 R eg istrar and  S ecretary  of th e  In s titu te  of C hem istry.

them to men without any scientific knowledge, and the unit 
thus formed is a  fighting force. W ith the assistance of the 
universities and technical colleges and the various bodies in
terested in chemistry, an entirely new force was brought into 
existence. The officers were mainly selected from chemists who 
already held commissions, while sergeants and corporals with 
knowledge of chemistry were transferred from other units. 
T hat they did their work well is shown by the despatches of 
Lord French and Sir Douglas Haig.

From the experience gained in the campaign it is clearly 
advisable that the State should have control of such an organiza
tion of professional chemists as to ensure at any time their 
efficient service in the many requirements of the naval, military 
and air forces. In addition to competent chemical advisers of 
undoubted standing, the following appear to be essential: 
Chemists to control the manufacture of munitions, explosives, 
metals, leather, rubber, oils, gases, food, drugs; chemists for 
the analysis of all such materials and for research; chemists, on 
active service, to  assist in the control of water supplies, in the 
detection of poison in streams, in the analysis of water and 
food, in the disposal'of sewage, and in other hygienic matters; 
chemists, both a t home and in active service, to assist in de
vising safeguards against enemy contrivances of a scientific 
nature,.and methods of offence to meet the same, as well as for 
the instruction of troops in such matters.

It has been called a "chemists’ war”  and an "engineers’ 
war.”  M any regard it largely as a conflict between the men of 
science of the countries engaged. Our chemists have not been 
dismayed at that, but it is impossible to foresee to w hat limits 
beyond accepted tenets the enemy is prepared to go in the 
application of science to warfare, and we cannot reproach our
selves with having set an example of friglitfulness.

To sum the matter up, chemists have met the situation with 
a spirit of true patriotism, and have been promptly organized 
for the service required of them. I t  is not too much to hope 
that, as the discoveries of science have been applied to the de
struction of humanity, they m ay be devoted more and more 
to the furtherance of the arts of peace, to the uplifting of civilisa
tion, and the pacification of the world.

During the war, in spite of the shortage of labour, considerable 
additions have been made to the large manufacturing concerns 
throughout the country in the extension of factories, both for 
the production of things hitherto obtained from abroad and for 
the requirements of the war.

One important lesson which on no account must be lost 
sight of is that the country must be self-supporting in all such 
requirements.

The chemists engaged in connection with the production of 
materials of war include a large number who were previously 
occupied in works which have passed under Government 

’control. M ost of these were members of the Institute or 
graduates in science, and many were teachers, who thus obtained 
an insight into operations on a  manufacturing scale. If they 
return to teaching, this experience will have broadened their 
views; but many will no doubt prefer to remain in industry. 
Of those with the forces, probably the majority will return to 
their former work. In any case, many good British chemists 
should be available for the furtherance of British industry.

RESTRICTION ON MAGNESIA

The British Minister of Munitions gives notice that, under 
the Defence of the Realms Act, he prohibits the use of magnesite 
and magnesite products for and in connection with (1) con
struction or repair of any building (other than furnaces) or 
any flooring or deck or, (2) the manufacture of any insulating 
or non-conducting material except under and in accordance 
with the terms of a permit granted by the Minister of M uni
tions.— M.
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A LU M IN U M  PR ICES

The selling price of aluminum ingots of ordinary commercial 
purity, 9S to 99 per cent, has been fixed in Great Britain by  the 
M inistry of Munitions at $1080 per ton, carriage paid to con
sumers’ works. The maximum price of remelted aluminum 
scrap or swarf ingots of 98 to 99 per cent purity has been fixed 
at $1008 per ton, carriage paid to consumers’ works. This 
maximum price must not be exceeded but a lower one may be 
fixed by agreement between seller and buyer based upon the me
tallic aluminum content. These prices take effect from February 
1, and permits will be granted for such dealings in the above- 
mentioned materials as are in accordance with the above prices 
which are subject to alteration at any time by the Minister of 
Munitions.— M.

NEW COM PANIES IN JAPAN

According to reports from H. M . Commercial Attache at 
Yokohama, the following are among the latest industrial de
velopments in Japan: A company with capital 2,500,000 yen 
($1,250,000), has just been formed at Tokio for the purpose of 
refining zinc by electrolysis and for mining and smelting other 
metals. A  glass factory is being erected at Yokoham a with 
a capital of $1,500,000 and it is expected that operations will 
be started in March, and orders have already been placed with 
this company for large quantities of bottles. Another company 
with a capital of $500,000 proposes to erect in the suburbs of 
Tokio a factory for the manufacture of plate glass. A  mining 
concession for silica is said to have been obtained by the latter 
company in the Shizuoka Prefecture. W ith a view to  working 
an oilfield in the Yam agata district, a company with a capital 
of $1,500,000 has been formed, while another with a capital of 
$3,000,000 proposes to take over and work a number of oil con
cessions at Kwiokawa, Akita Prefecture. As a result of the ex
periments made in the manufacture of soda ash in Nagoya, a 
joint stock company with a capital of $500,000 has been formed 
to manufacture this product and land has been acquired a t N a

goya harbor to erect factories. An electrochemical company 
with a capital of $500,000 will build factories at the river Arakawa 
for the manufacture of bleaching powder, etc.— M .

BR ITISH  BOARD OF TRADE

During the month January 15-February 15, the British Board 
of Trade received inquiries from firms in the United Kingdom 
and abroad regarding sources of supply for the following articles. 
Firms which may be able to supply information regarding these 
things are requested to communicate w ith the Director of the 
Commercial Intelligence Branch, Board of Trade, 73 Basinghall 
St., London, E. C.
A d v e r t i s i n g  N o v e l t i e s :

Knives, cheap, to  re ta il a t  10c. 
each

M irrors, small, covered w ith  
celluloid 

Pencils
Beech boards for brushes (good 

quality)
Bells, m etal, toy  
B ottles, glass, straw-colored 
Bootlaces, lea ther and m ohair 
Buckles, brace, brass 
Candles 
Cord-wire
Cases, cast-iron, for electrical fuse- 

boards and  sw itch-gear
C h e m i c a l s :

A m orphous phosphorus 
A lphanaphthol 
A lphanaphthylam ine 
Aniline oil 
D im ethylaniline 
M etaphenylenediam ine 
M etatoluolenediam ine 
N aph th iona te  of Soda 
N itrobenzene 
O rthotoluidine
S altpe tre  (refined, granulated)
Sulfanilic acid
C austic  Soda, 100 tons 95 per

. . , W1IC, K̂ tVttUUCU, T UI1U. UllVlk.
Epsom  Salts, druggists q ua lity  W ire-nails, assorted V» in. by  18
Silicate of Soda \y .  G. to 5 in. by 8 B. W . G.

D extrinous substances (powder) W ood (ash) rim s for sieves
Dyes, cheap, for ink  m aking Zinc, sheet, su itable  for lining
Egg-beaters, D over p a tte rn  packing cases

— M .

Enam elled iron shades for electric 
lights 

E yelets for boots 
Fezzes, felt 
G um  Arabic

G edda, am ber sorts 
Hose-pipes, 2*/< and 3 in.
Isinglass 
Latex  cups

M a c h i n e r y  a n d  P l a n t  F o r : 
M aking boot lace tags 
M aking gelatine 
M aking capsules 
G rinding safety  razor blades 
M aking glass flasks 
Conversion of s ta rch  in to  dextrine  
M aking candles
S tam ping o u t leather, cloth and 

rubber washers 
G elatine, shredding p lan t 
E lectric  baling presses 
H ydraulic  baling presses 

Paste , to  give a  polish to  rough 
twine 

P ush-bu ttons
R osin, Am erican, 1000 tons 
S tuds, press, also two-piece 
T anks, wagon, for d istribu ting  oil 
Wheels, chilled iron 
W heels, tracing
TI I ..n  .1 A Ml m  fU irtt r

SCIENTIFIC SOCIETIES
CALENDAR O F M E ETIN G S 

American Chemical Society: Spring meeting, Kansas City, 
M o., and Lawrence, Kan., April 10-14, 1917. Annual meet
ing, Boston, September 10-16, 1917.

American Electrochemical Society: Thirty-first General M eet
ing, Detroit, M ay 2-5, 1917. Fall meeting, Pittsburgh, 
October 4-5, 1917.

American Institute of Mining Engineers: Annual meeting, 
St. Louis, October 8-13, 1917.

Am ericanlron and Steel Institute: N ew York, M ay 25-26, 1917. 
American Society for Testing M aterials: A tlantic C ity, June' 

26-30, 1917.

N IN ETEEN TH  ANNUAL M E E T IN G  A M ER IC AN  CERAM IC 
SO CIETY, N EW  Y O R K  CITY, M A RCH  5 TO 8, 19 17

The Nineteenth Annual M eeting of the American Ceramic 
Society was held M arch 5 to 8, 1917, a t New Y o rk  C ity  with 
headquarters at the Astor Hotel. A ll the sessions were held 
at the Astor Hotel except the one of Tuesday afternoon, March 
6, which took place at the Metropolitan Museum of Fine Arts, 
and was followed by a tour of the Museum. The annual business 
session of the Society was held on M onday morning, March 
5, and was followed by the Presidential Address by M r. Lawrence
E. Barringer, of the General Electric Company, Schenectady, 
N . Y . On Thursday, March 8, an excursion was made to 
Perth Amboy, N . J., and vicinity, to visit the A tlantic Terra 
Cotta Company, Didier-March Company, and the Fords Por
celain Works.

PROGRAM OF PAPERS

H E A V Y  C L A Y  W A R E S: TH EIR M AN UFACTU RE AND TESTIN G

S tudy of Effect of Variation of P ressu re  in the  Form ing of D ust P ressed  
T iles. F . K . P en c e .

T he A dvantages of Clay Storage and a  D escription of a  Successful 
Insta lla tion . F .  A. R i d d l e .

N otes on th e  M anufactu re  of P rom enade Tile. M . W . B l a i r .

N otes on the  Flow of Clay through H ollow -W are D ies. G. D. M o r r i s . 

H um idity: I ts  Control and  R elation to D rying Clay W ares. W . A. 
D e n m e a d .

T he Effect of the  Size of Grog in F ire Clay Bodies. F .  A. K i r k 

p a t r i c k .
T he R elation betw een  the  Fusion P o in t and Composition of R efractory 

Clays. R . J . M o n t g o m e r y  a n d  C. E . F u l t o n .
Volume C hanges of Som e Q uartzites and  Com m ercial Silica Bricks 

on H eating. D . W . R oss.
N ote on th e  F ine G rinding of R efractory M aterials  before Testing. 

R . J . M o n t g o m e r y .
R elation of Fusing P o in t of Ash to Availability of Coal for Burning 

Ceram ic W ares. R . R . H ic e .
An A ttem pted H eat B alance on a Continuous Kiln. C. B. I-Ia r r o p . 

M aking Paving Brick from  B last Furnace Slag. J . B. S h a w .

T he Principles of Construction of B ucket E levators. G .  D .  M o r r i s . 

M odification of Load T e s t on F ire B rick. J . B. Shaw .

r a w  m a t e r i a l s , m i n e r a l s , t h e i r  o c c u r r e n c e , r e p i n i n g  a n d  t e s t i n g

N otes on the  U se of Sulfuric Acid in  th e  S edim entation  of K aolins. 
II . G. S c h u r e c h t .

N otes on  Kaolin R efining. I. E. S p r o a t .

A m erican Clays for Floating Enam els. J .  B. S h a w .

T he R elation of Salt to Clay in  th e  Purification of Clays. H . G. 
S c h u r e c h t .

A S tudy of Som e Am erican R efractory  Bond Clays. A. V. B l e i n i n g e r  

a n d  G. A. L o o m i s .
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Clay and Shale D eposits in the  Vicinity of Toronto. E . W . K n a p p . 

A patite: A Substitu te  for Bone Ash. N . B. D a v i s .

An In stru m en t for th e  M easu rem en t of P lasticity . W . E . EmlEY. 
D iscussion on S tandard  M ethods of Clay Testing. Led by  A. V. 

B l e i n i n g e r .

A M ethod of M easuring  the  Tim e of S e t of Calcined Gypsum . W . E.
E m l e y .

G LASS AND EN AM EL IN D USTRIES

G lass Sands: T heir Origin, M ode of O ccurrence and  P roperties. C.
R .  F e t t k e .

The Physical C hem istry o f  the  F ining o f  Glass. R .  M .  H o w e .

G lass T ank-F urnace  Operation. R .  L .  F r i n k .

H istory  of A labaster G lass. A .  S i l v e r m a n .

Discussion: In  W hat Chem ical Condition D oes M anganese E x ist in 
G lass w hen Used as a Decolorizer, and  W hat Factors of Furnace Conditions 
Affect It?  Led b y  R . L. F r i n k .

Enam el Surfaces under the  M icroscope. E . P . P oste .

G LAZES AND COLORS

T he Cost of R aw  Lead G lazes. H . F. S t a l e y  a n d  L. H e w i t t . 

Chrom e-T in Colors a t Cone 9. R .  H .  M i n t o n .

A Synthetic  P roduction  of Sulfate B listers in W hitew are G lazes. C. 
F . B i n n s .

A S tudy of Three-C om ponent Nom ative System s in Raw L ead G lazes. 
H . F . S t a l e y  a n d  W .  G. W i i i t f o r d .

The Crawling of M alt G lazes. C. F . B i n n s  a n d  M . E . S a u n d e r s . 

Bristol G lazes, Com pounded on th e  Eutectic  Basis. Second P aper. 
A. S .  W a t t s .

T he Control of Fusibility  in F ritted  G lazes. H . F . S t a l e y  a n d  R .  J . 
R i l e y .

R eport of P ractical Application of B ristol G lazes Com pounded on the 
Eutectic Basis. A. S. W a t t s .

BO D IES AND TH EIR PRO PERTIES

Notes on Flin t and  the  P repara tion  of Porcelain  Bodies. G .  H . B r o w n  

a n d  C .  F .  G e i g e r .

T he In te rchange  of Q uartz and F lint in P o ttery  Bodies. C. F . B i n n s  

a n d  W . I .  S u t t o n .
A D eform ation S tudy of MgO-AlaOj-SiO* M ixtures. A .  S. W a t t s .

A D eform ation S tudy of BaO-AljOa-SiOa M ix tures. A .  S. W a t t s . 

L aten t H eat of F usion  of Lime and  M agnesia. E . W . W a s h b u r n .

A New Principle in H e a t M easurem ent. W. C. H a r t e r .

N ote on the  Tem perature-P orosity-V olum e C hanges of Som e Porcelain  
Bodies. G. A. L o o m i s .

N ote on th e  P roduction  of Special R efractories, M arquard t Porcelain 
and  M agnesium  A lum inate. F . H . R i d d l e .

SESSION AT  THE M ETROPOLITAN  MUSEUM

A ncient G reek  P o ttery . M i s s  R i c h t e r , of the  M u s e u m  S t a f f .

An A ttem pted R eproduction of Ancient O riental Glazed- Pottery . 
C h a r l e s  F. B i n n s  a n d  N e l l i e  I. W e l l s .

Chinese Porcelains. M r. B o s c h  R e i t z , of the  M useum  Staff.
An Indigenous A m erican Artist, and  H is M edium . E d w a r d  O r t o n ,

J r .
View of the  A ncient G reek  P o ttery  and  the  C hinese Porcelains in the 

M useum  G alleries. C onducted by  M iss  R i c h t e r  and  M r . R e i t z .

SPRING M EETING AMERICAN CHEMICAL SOCIETY, 
KANSAS CITY, APRIL 1 0  T O  1 4 ,  1 9 1 7

The Fifty-fourth Meeting of the American Chemical Society 
will be held in Kansas City, Tuesday, April 10th, to Saturday, 
April 14th, inclusive. The-Society and hotel headquarters will 
be at the Hotel Muehlbach, corner of 12th and Broadway Streets.

d i v i s i o n a l  p r o g r a m s :  The usual meetings will be held by 
all of the Divisions, with the following special programs: The 
P h y sica l and Inorg an ic, and O rganic D iv is io n s  will hold a Joint 
Meeting, Thursday morning, April 12; the D iv isio n  o f  In d u s 
trial Chem ists and Chem ical E n gineers  will hold a Symposium 
on the Chemistry and M etallurgy of Zinc, Thursday, April 12.

e x c u r s i o n s  : Interesting excursions are being arranged cover
ing trips to the following industries: Packing houses, flour 
mills and other foodstuffs manufactories, zinc smelters, acids, 
cement, paper, soap and structural steel factories, and serum 
laboratories, and probably also a petroleum refinery. A  trip 
will also be made to Lawrence to visit the University of Kansas.

C H A IR M E N  O F T H E  LO CA L C O M M IT T E E S

Executive—W . A. W h i t a k e r , U niversity  of K ansas, Lawrence, K ansas.
Finance— R . H i r s c h , R idenour-B aker Grocery C om pany, K ansas 

C ity, M issouri.

Reception and Registration—L. E . S a y r e , U niversity  of K ansas, 
Law rence, K ansas.

Smoker— G. H. C la y , P rocter and  Gam ble, K ansas C ity , K ansas.
Banquet— R. C r o s s , K ansas C ity  T esting  Laboratories, K ansas C ity, 

M issouri.
Publicity—F . B. D a i n s , U niversity  of K ansas, Lawrence, K ansas.
Excursions— C. F . G u s t a f s o n , M anual T rain ing  H igh School, K ansas 

C ity , M issouri.
Entertainment of Ladies— M rs. F . B. D a i n s , 1224 Louisiana S tree t, 

Lawrence, K ansas.
PR O V ISIO N A L PR O G R A M

T u e s d a y , A p r i l  10. Evening, D inner to  the  Council and Council 
M eeting.

W e d n e s d a y , A p r i l  1 1 .  M orning, Opening Session. Afternoon, 
Public Session: “ Petroleum  an d  N a tu ra l G as.”  Evening, Sm oker.

T h u r s d a y , A p r i l  12. M orning  and  Afternoon, D ivision M eetings. 
Evening, B anquet.

F r i d a y , A p r i l  1 3 . M orning, D ivision M eetings. Afternoon , E x 
cursions. Evening, Open.

S a t u r d a y , A p r i l  1 4 . M orning, Excursions.

PAPERS FOR THE m e e t i n g :  All titles for papers should be in
the Secretary’s hands on or before M arch 27th; or in the hands of 
the secretaries of divisions on or before M arch 25th, with the ex
ception that titles of papers should reach the Secretary of the 
Division of Industrial Chemists and Chemical Engineers on or 
before M arch 21st.

The Division of Industrial Chemists and Chemical Engineers 
have voted that the titles o f  a ll papers shall be sent to the Secretary 
o f the D iv isio n , w hich title should be accom panied by an  abstract, 
in  tim e to have the abstract passed u p on  before the pa p er is  p u t on  
the program;  that any title sent without an abstract shall not be 
printed in the program, and that the time limit for the presenta
tion shall be five m in utes, unless special arrangements are made 
with the Secretary of the Division.

B y  vote o f  the C ou n cil no papers m ay be presented at the m eeting, 
titles fo r  w hich are not printed on the f in a l program.

A D D R E SSE S O F T H E  D IV IS IO N A L  S E C R E T A R IE S

Agricultural and Food Chemistry: Glen F . M ason, H . J . H einz Co.,
P ittsbu rgh , Pa.

Biological Chemistry: I. K . Phelps, B ureau of C hem istry, W ashing
ton , D. C.

Fertilizer Chemistry: F . B. C arpen ter, V irginia-Carolina Chem ical 
Co., R ichm ond, Va.

Industrial Chemists and Chemical Engineers: S. H . Salisbury, J r .,  
N o rtham pton , Pa.

Organic Chemistry: II. L. F isher, C olum bia U niversity , N ew  Y ork 
C ity.

Pharmaceutical Chemistry: George D . Beal, C hem istry B uilding,
U niversity  of Illinois, U rbana, 111.

Physical and Inorganic Chemistry: E a rl V. M illard , In s titu te  of
Technology, B oston, M ass.

Water, Sewage and Sanitation: H . P . Corson, U. S. Public H ealth
Service, Grove C ity , Pa.

l a d i e s ’ e n t e r t a i n m e n t :  The Committee headed b y  Mrs. 
F . B. Dains is actively at work arranging a program for the 
pleasure of visiting ladies. Ladies m ay come to the meeting 
with, the assurance that everything will be done for their comfort 
and pleasure. Details will be found in the final program.

f i n a l  p r o g r a m  : The final program will be sent to all members 
signifying their intention of attending the meeting, to the secre
taries of sections, to the Council, and to all members making 
special request therefor by  postal card or attached slip to the 
Secretary’s office.

OBITUARY— FREDERICK ROWLAND HAZARD

Industry and society lost a commanding figure in the recent 
death of M r. F. R. Hazard, of Syracuse. He will long be known 
as a member of the group of men who brought the Solvay process 
for the manufacture of soda-ash to the United States.

Born in Peace Dale, R. I., M r. Hazard received his early 
schooling in Providence, R . I., and was graduated from Brown 
University in 1881. For two years he was employed at his
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father’s woolen mills at Peace Dale, and then spent a year or 
more in Europe studying the ammonia soda process. Equipped 
with knowledge so acquired, Mr. Hazard came to the newly- 
established plant of The Solvay Process Company, at Syra
cuse, the first alkali plant built in the United States. In the 
manufacture of alkali, Mr. Hazard had found a field which was 
to be the chief interest of his business life. As Assistant Treas
urer, Treasurer, and for the past nineteen years as President, 
he participated in the management which, through its initiative, 
foresight and energy, not only instituted alkali manufacture in 
this country, but made this country absolutely independent of 
European supply.

As an executive, Mr. Hazard possessed unusual attainments. 
In addition to natural gifts of the first order for executive and finan
cial management, he had a complete and detailed understanding 
of the ammonia soda process. This minute knowledge of the 
business made him an executive of unfailing judgment in matters 
of manufacturing policy as well as in the fields of finance and 
organization. There is one striking feature of Mr. Hazard’s 
administration that needs particular mention. By sheer force 
of character he created an "atmosphere” in the multiple organiza
tions of which he was the leader that is best described as "whole
some.”  Not only by his example of simple and right living did 
he set a standard of individual conduct, but by his simple and 
right methods of thinking, by his unswerving justice and "square
ness,” he set a standard of business ethics which affected every 
man in the organization.

Since Mr. Hazard’s advent to the Presidency of The Solvay 
Process Company, the interests of the Company have been 
greatly extended, and through its associated companies, it has 
rendered a service of the very first importance in conserving the 
coal supply of the country through the application of the retort 
coke oven. It is not too much to say that the example set by 
the Solvay interests under Mr. Hazard’s presidency, in de
veloping the coal by-product industry, is the prime reason for 
our nearly perfected independence of Europe in the matter of 
coal-tar intermediates, dyes and explosives.

Besides being President of The Solvay Process Company,

DUREX BARIUM PLANT BURNED

Editor of the Journal of Industrial and Engineering Chemistry:
We regret to announce that on Thursday night, March 8th, 

our plant at Sweetwater, Tennessee was practically destroyed 
by fire, and at the present writing we are unable to say when 
we will be able to supply barium carbonate, sodium sulfide and 
depilatory. Fortunately the Long Island City, N. Y ., plant 
of Toch Brothers will be able to handle all existing blanc fixe 
and barium chloride contracts. We are trying to malce arrange
ments through other sources to manufacture part of our prod
ucts. This fire, of course, does not interfere with our raw 
material supply.

Owing to the fact that the Durex Chemical Corporation had 
every possible facility for fighting fires and had both the night 
force and the day force thoroughly trained, it is well to point 
out to other chemical manufacturers that every precaution be 
taken against incendiary fires at the present time. Two weeks 
ago one of the bridges connecting two of the buildings of the 
Durex plant caught fire during the day, but the men were so 
well trained that inside of five minutes the fire was extinguished. 
The present fire took place at 12.30 in the morning, and the time 
clock of the watchman showed that he had been at the place 
where the fire originated ten minutes before. In less than 30 
minutes the barium carbonate plant and the barium sulfide 
plant No. 1 were beyond control. In less than a half hour 
all the smokestacks collapsed.

Mr. Hazard was President of Split Rock Cable Road Co., Presi
dent Solvay Collieries Co., Treasurer Tully Pipe Line Co., 
Treasurer Semet-Solvay Co., and Treasurer By-Products Coke 
Corporation. Naturally, Mr. Hazard’s business interests reached 
out beyond the companies that received the greater part of his 
attention. He was officer or director in several banking institu
tions, and his breadth of mind and understanding made his coun
sel always of value. He was President of the Syracuse Trust 
Co. at the time of his death and at various times had been 
Trustee in Onondaga County Savings Bank, Director in Com
mercial Bank, and Director in First National Bank.

From his connections and from inclination, Mr. Hazard was 
always interested in affairs chemical. The Syracuse Section of 
the American Chemical Society has had occasion many times to 
be thankful for his generous help, notably at the holding of the 
joint meeting of the Ithaca, Rochester and Syracuse Sections. 
For several years past, Mr. Hazard had been President of the 
Manufacturing Chemists’ Association.

Keeping step with his business vision and accomplishments, 
Mr. Hazard’s place in the social structure of the community 
was one of pre-eminence.. His name is linked inseparably with 
the success of the Y . M. C. A. and the Y . W. C. A. activities in 
Syracuse; with the hospitals and free dispensary; with the Boy 
Scouts; with the Associated Charities; with the work of the 
Moral Survey Committee, and with the fight against the loan 
shark evil. He had been President of the Onondaga Provi
dent Loan Association since its inception. He was also Past 
President of the Y . M. C. A. Chamber of Commerce, Syracuse 
Athletic Association, Syracuse Music Festival Association, and 
of Solvay Village.

An account of Mr. Hazard's character would not be complete 
without a reference to the constant thought he gave to the well
being of the Company’s employees, and indeed to all men and 
women who toil. He was untiring in his efforts to make plant 
conditions and home conditions safer, better and happier. 
He worked as well as gave, and society lost in Mr. Hazard a 
character of rare genius in constructive philantlirophy.

J. D. P e n n o c k

Mr. Henry M. Toch, the President of the Durex Chemical 
Corporation, is at present of the opinion that the corporation 
should build a plant in Chattanooga and another one in Long 
Island City.

320 5 t h  A vs.. N ew  Y o r k  DUREX CHEMICAL CORPORATION 
March 15. 1917 Per  MAXIMILIAN ToCH

TW O LETTERS ON CORROSION OF IN GO T IRON  
CONTAINING COBALT, NICKEL, OR COPPER

Editor of the Journal of Industrial and Engineering Chemistry: 
The authors of the paper published under the above title, 

T h is  J o u r n a l , 9 (1 9 1 7 ) , 125, have very freely discussed the re
sistance to corrosion of a pure commercial open-hearth iron 
manufactured by the American Rolling Mill Company of Middle
town, Ohio, and sold under the brand-name of American Ingot 
Iron and have attempted to contrast the corrosion resistance 
of this product with certain alloys built upon it as a base, con
taining cobalt, nickel and copper.

The authors’ conclusions are based mainly on exposure and 
loss in weight tests of small test pieces prepared in the labora
tory. American Ingot Iron was melted up in small crucibles 
in an electric furnace and treated with degasifiers and certain alloy
ing constituents and small castings about 1.25 inches in diameter 
were made from which small discs were turned, etc., etc. These 
little discs, about the size of a half dollar were suspended by silk 
threads or by other means and put out on a roof. After cor

NOTES AND CORRESPONDENCE.
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roding for what is termed a sufficient length of time, the samples 
were treated with ammonium citrate to remove adherent rust 
and weighed. The loss in weight is recorded and tabulated, 
and upon these tabulations some very sweeping conclusions 
are based. In fact, eleven separate conclusions are appended 
to this paper, which, if justified by the experimental evidence, 
ought to settle the much debated question of the relative cor
rosion of pure iron and some of its alloys for all time to come. 
As a matter of fact, however, the conclusions are not justified 
nor are the results in accord with those obtained on samples 
obtained from sheets of similar analysis manufactured on the 
large open-hearth scale of operation, as the authors themselves 
point out.

General Conclusion III, p. 135, states that alloys formed by 
the addition of 0.25 to 0.30 per cent of copper, nickel and cobalt 
to American Ingot Iron are more resistant to atmospheric cor
rosion than the pure American Ingot Iron from which the alloys 
were prepared. The manufacturers of American Ingot Iron 
have for many years been interested in studying the properties 
of all possible alloys built 011 a pure iron base. The scientific 
research department of this company is well known to be second 
to no other anywhere in the iron and steel industry in respect 
to personnel, laboratories, equipment and plant experimenta
tion facilities. It is a comparatively easy and cheap procedure 
to make up series of alloys in small laboratory crucibles but the 
research department of the American Rolling Mill Company 
has long since discovered that corrosion tests made on such 
samples are simply unconclusive and misleading. A careful 
inspection of the results recorded in this paper furnishes abundant 
evidence, if any were needed, of the truth of this statement. 
The differences in the corrosion factors derived from duplicate 
samples of the same heat show a wider variation in many cases 
than is shown between the samples of the various alloys. To 
select a few instances only, Sample H, 207 (a), a 0.50 per cent 
nickel alloy, showed a corrosion loss factor of 510, while its dupli
cate, H, 207 (c), showed a loss of 910. A 0.125 Per cent cobalt 
alloy, 34204 (a) sample cut from a commercial sheet showed 
a corrosion loss of 1180, while its twin cut from the same sheet 
showed a loss of 292, a greater difference than is shown between 
any of the average differences between the competing types 
that were under test. Since sweeping conclusions are in order, 
why is it not fair to conclude that one sample out of any given 
heat is excellent in corrosion resistance and another very bad 
indeed, or, perhaps, even better, why not conclude that all such 
tests' are misleading and, therefore, worse than none at 
all?

Based on very similar methods of testing, E. A. and L. T. 
Richardson1 have concluded that the addition of copper to pure 
iron has a very slight influence on corrosion resistance, while 
the present authors conclude rather vaguely that "it seems to 
be conducive to reducing the corrosion of American Ingot Iron 
under atmospheric conditions.”

No one has been more concerned than the manufacturers 
of American Ingot Iron to discover whether the alloys of cobalt, 
copper and nickel, as well as many other elements, with pure 
iron were superior to a carefully standardized and guaranteed 
purity of iron itself. Not only atmospheric corrosion, which is 
rarely encountered by uncoated sheet iron in service, but all 
the multiform and variable conditions of service exposure have 
been studied. Not wishing to make this discussion too long, 
it may be stated that although premature publication of results 
has been carefully avoided, the conditions noted in more than 
a thousand full size commercial sheets do not agree with the 
conclusions of the authors who seem to have been a little troubled 
by this tendency themselves. Having arranged cooperation 
with the American Rolling Mill Company after supplying the 
cobalt material, they received a number of full size cobalt alloy 

1 Paper before American Electrochemical Society, September 30, 1916-

sheets made on the big scale of operation usual in open-hearth 
practice. The authors, however, did not receive any nickel 
or copper alloy sheets. It is difficult to understand, therefore, 
how they can discuss the corrosion of Ingot Iron containing nickel 
or copper, since they did not have any such material in their 
tests. After Ingot Iron has been melted in a crucible and had 
other constituents added to it, it is no longer American Ingot 
Iron. They state:

"The samples, Nos. 34175 to 44009, prepared by the American 
Rolling Mill Company, so far as this series alone is concerned, 
do not tend to bear out the conclusions from the series prepared 
at the laboratory. From these samples alone it would seem that 
additions of small amounts of cobalt, up to one per cent, have 
very little effect on corrosion, and that the addition of nickel 
to about 0.7 per cent was harmful.”

In conclusion, I desire to give expression to a fact that is very 
often overlooked. Independent investigators, with a zeal which 
may be altogether proper, can publish results of tests and draw 
sweeping conclusions without any particular sense of duty or 
responsibility to anybody except themselves by so doing. 
A great manufacturing company, however, believing in and proud 
of the excellence of its products which are mainly the fruit of 
organized research work, has to be very certain indeed that it is 
right before it urges upon consumers the purchase of new prod
ucts, possibly at an increased price, and which in any case must 
be ready to stand the test of service and make good not only 
under atmospheric corrosion, but under the thousand and one 
conditions that all-round service must meet.

W a s h i n g t o n ,  D. C. A. S. C u s h m a n

February 1, 1917

Editor of the Journal of Industrial and Engineering Chemistry:
In his comments on the paper by Mr. Blake and myself as 

printed in T h is  J o u r n a l , 9 (1917), 125, Mr. Cushman makes 
a point of "cooperation” with the American Rolling Mill Co. 
We received their products for our tests in exchange for a con
siderable batch of very pure metallic cobalt. Beyond that, I 
recall no cooperation being contemplated for the four series of 
observations on small samples which were made for the Canadian 
Bureau of Mines, primarily for the purpose of studying the effect 
of additions of metallic cobalt. Further independent publica
tions were contemplated regarding the observations on the rolling 
mill sheets (Series V), concerning which there was considerable 
correspondence regarding .cooperation. This was in 1913, 
about four years ago, but nothing has since been done by either 
party about cooperative research, except that each supplied the 
other with analyses of materials submitted. This has been ac
knowledged in the text. I take this opportunity again to thank 
the American Rolling Mill Company and in particular, Dr. 
Beck, Director of their Research Department, for many courtesies 
in conncction with our exchange of materials. The present 
paper is not intended to cover Series V, i. e., observations on the 
rolling mill sheets. We state: " I t  will take at least another
year for these sheets to corrode through to destruction, before 
which time no final conclusions can be drawn.”  It is contem
plated that our observations on these shee s should form a com
plete and independent paper to be ’published more or less simul
taneously with those of the American Rolling Mill Company 
011 the same or similar sheets.

In his last paragraph, Mr. Cushman undertakes to lecture 
"independent investigators” in general, and presumably our
selves in particular, for lack of "sense of duty or responsibility,”  
in contradistinction to a "great manufacturing company.”  I have 
served and am at the moment serving as director and executive 
officer in several corporations, but I have failed to notice that 
their collective "sense of duty and responsibility”  rises to greater 
heights than that of their individual members. But too much 
space and time have already been taken referring to the persona!
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aspect introduced by Mr. Cushman into the discussion. I shall 
pass to the consideration of the paragraphs referring to tech
nical questions.

Mr. Cushman remarks, "as a matter of fact, however, the con
clusions are not justified nor are the results in accord with those 
obtained on samples obtained from sheets of similar analysis 
manufactured on the large open-hearth scale of operation as the 
authors themselves point out.” We pointed out no such tiling! 
In the first place, we cut no samples from the sheets. All 
samples were cut from bars. The remark probably refers to 
Conclusion IV, following Series II. Mr. Cushman failed to 
note that this conclusion was from a preliminary series of measure
ments on samples which were unannealed. We carefully limit 
that conclusion by the phrase “ so far as this series alone is con
cerned,” namely, Series II, and because the samples of this series 
were unannealed, it was regarded as preliminary, and another 
full series of alloys was prepared.

The next series- of measurements (Series III) were made on 
annealed samples, from which most of the general conclusions 
were drawn. This series indicates that the samples prepared 
by the addition of small percentages of copper, nickel and co
balt (from 0.25 to 3.0 per cent) to American Ingot Iron, as de
scribed in the text of the paper, are more resistant to atmospheric 
corrosion than the original American Ingot Iron, which was used 
as a base for the preparation of the alloys, and which was used 
as a standard of comparison.

Mr. Cushman remarks: "It is a comparatively easy and
cheap procedure to make up series of alloys in small laboratory 
crucibles, but the research department of the American Rolling 
Mill Company has long since discovered that corrosion tests 
made on such samples are simply unconclusive and misleading.” 
We have in mind, as well as Mr. Cushman, that accelerated 
corrosion tests, such as are frequently made on small scale 
samples, are often unconclusive and misleading. I do not re
gard that these tests, extending over 9 or 10 months under ac
tual atmospheric conditions, may be classed as accelerated 
tests, nor do I admit that the general results will differ from those 
011 large sized sheets similarly submitted to corrosion action. 
This point may properly be the subject of discussion and variance 
of opinion, but I particularly take exception to Mr. Cushman's 
discussion of this point, which seems characteristic of his atti
tude throughout. I quote from him: "A  careful inspection
of the results recorded in this paper furnishes abundant evi
dence, if any were needed, of the truth of this statement. The 
difference in the corrosion factor, derived from duplicate samples 
of the same heat, show a wider variation in many cases than 
is shown between the samples of the various alloys. To select
a few instances only; Samples H 207 (a), etc., etc............ ”
Mr. Cushman calls attention to a pair of measurements for 
Sample H 207 (a) of magnitude 910 and 510, respectively, namely, 
with an average deviation of individual measurements from their 
mean of about 28 per cent. For the other sample, to which he 
calls attention, he has quoted the figures 1190 and 292, these 
being the extreme corrosion losses for the sample, and indeed 
for any sample. These figures show an average deviation from 
their mean of approximately 60 per cent. Mr. Cushman pref
aces his remarks with respect to these figures by the phrase 
"to select a few instances only.”

With respect to the above, in Series I, there are pairs or triplets 
of measurements on 19 alloys. Disregarding the two samples 
to which Mr. Cushman has called attention, and one other, the 
average deviation of individual measurements from their mean 
for the entire series is approximately 4V2 per cent. In other 
words, Mr. Cushman has deliberately selected two samples, the 
observations of which disagree among themselves by nearly 
ten times as great an amount as the average disagreement of 
measurements for the rest of the series, and from this selection 
he attempts to draw conclusions as to the concordance of all the

measurements among themselves. Nor is this all— both of the 
samples to which he makes reference are taken from Series I, 
which is admittedly preliminary. If, in a similar manner, we 
take the average of the observations for each of the samples in 
Series II, and note the average deviation of a single observation 
from their means, the resultant average deviation for the entire 
Series II is slightly above 3 per cent. This series represents 
measurements on 19 alloys from which none are omitted in the 
above computation. Again making similar computation for 
Series III, which is by far the longest series, and which reports 
about 125 corrosion measurements, the average deviation of a 
single observation from their means is about 4 per cent. Thus 
Mr. Cushman has selected two measurements with an average 
deviation from the mean respectively ten and twenty times as 
great as the average; in fact, so great that, according to the laws 
for discarding observations, they should probably be considered 
as containing some gross error. We properly included them in 
our report for completeness, but it is obvious that no one intend
ing to be fair should conclude as to the concordance of results 
among themselves, from the particular measurements which he 
has selected.

Opinions may vary as to whether or not the alloys described 
in our paper represent what would be produced from American 
Ingot Iron by the addition of small percentages of nickel, co
balt and copper following the regular manufacturing procedure. 
We have drawn no conclusions in this regard, preferring to wait 
until we are in a position to publish our wrork on the sheets sup
plied by the American Rolling Mill Company, which are more 
representative of such a condition. On the other hand, there can 
be no doubt but that the corrosion measurements on the discs, 
described in this paper, on the average show a remarkable con
cordance among themselves for any given sample. For ex
ample, the very alloy, No. 34204, for which Mr. Cushman 
quotes fom Series I the values 1080 and 292 as the corrosion 
factors, in four independent measurements in Series III shows 
the values of the corrosion factors as follows: 638, 643, 638, 
638. The average of these four measurements is 639, with an 
average deviation of a single observation from the mean of less 
than 0.2 per cent. It would be just as fallacious for us to charac
terize the concordance of all our observations by this particularly 
concordant set of measurements on Alloy No. 34204, as it was 
for Mr. Cushman to characterize them all by far the least con
cordant pair of measurements in the entire set of over 200 de
terminations.

In conclusion, let me say that we have no elaborate ideas as 
to the conclusiveness of our results, or of any other single set of 
measurements on so evasive a subject as atmospheric corrosion. 
We noted particularly that the primary purpose of our investi
gation was "measurement and the setting forth of data.” These, 
we consider of the first importance, much more so than any con
clusions we may have drawn from these data, and we admit 
that others may properly conclude at variance with ourselves. 
We do not, however, admit the particular points of exception 
which Mr. Cushman has raised, and we very much regret that he 
thought it necessary to hasten into a discussion savoring so much 
of the personal aspect and apparently based upon very little 
consideration of the technical data.

J a c k s o n v i l l e ,  F l o r i d a  H E R B E R T  T. K a i .M U S
February 16, 1917

TW O LETTERS ON RELATION OF FAT IN M ILK TO  THE  
SOLIDS-NOT-FAT

Editor of the Journal of Industrial and Engineering Chemistry: 
May I suggest that Messrs. Brown and Ekroth, in their 

article on milk published in Tins J o u r n a l , 9 (1917), 297, have 
misinterpreted some of the standards referred to. Several 
standards specify minimum values for the fat and total solids
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but many of these neither specify nor imply that the solids- 
not-fat must exceed that difference between these values. The 
case of 12 per cent of total solids and 2.5 per cent of fat referred 
to on page 297 is evidently that of Rhode Island and there is 
probably no difficulty experienced in complying with these 
values. The solids-not-fat are not specified and there is no 
warrant for assuming that the minimum value is 9.5 (12.0 —  2.5). 
The other case referred to, evidently that of Minnesota, presents 
reasonable ground for criticism and the 9.75 per cent of solids- 
not-fat is included in the standard. Probably this was inserted 
under the erroneous impression that a 13.0 per cent total solids 
and 3.25 per cent of fat standard also implied that the solids- 
not-fat should exceed 9.75 per cent. This, of course, is an 
absurd value and is impossible to meet. A  similar error ap
pears to have crept into quite a number of the state standards. 
M y opinion is that standards are to be regarded as the minimum 
percentages of certain constituents that are to be contained 
in the article sold as milk and it is not essential for this purpose 
that they should bear any relation to their relative proportions 
in milk. The standards are definite specifications of what the 
consumer must receive and in this respect are very different 
from the English milk standards which are merely presumptive 
and admit rebutting evidence by the vendor.

As previously stated, the limiting values for the fat and total 
solids, or fat and solids-not-fat are to be considered separately; 
it often happens, however, that one standard is much more 
stringent than the other and that one is consequently redundant. 
In Ottawa the standard is 12 per cent of total solids of which at 
least 3.0 per cent shall be butter-fat. On looking over my 
records for the past year I find that in one group, farmers’ raw 
milks, there are 2,154 samples and of these 10.80 per cent 
violated one or both standards, 10.75 per cent were deficient 
in total solids and 2.0 per cent deficient in fat. Only one sample 
(2.9 per cent fat) was deficient in fat and yet satisfied the standard 
for solids. The average fat content of the samples below the 
standard was 3.15 per cent. It is very evident that, in Ottawa, 
the standard could be simplified to one specifying only the total 
solids without altering its effect.

If the same samples were examined under the Dominion 
standard of 8.5 per cent solids-not-fat and 3.25 per cent fat, 
the samples deficient in fat would be increased to 2.8 per cent 
and those rejected 011 account of deficiency of solids-not-fat 
would have been 14 per cent. In other words the Dominion 
standard of 8.5 per cent of solids-not-fat is more stringent than 
the Provincial one of 12 per cent total solids. Less than 0.5 
per cent of the samples passed the solids-not-fat test and 
were rejected by the fat clause.

The standard of 8.5 per cent solids-not-fat in New York is 
probably equal to one specifying 11.7 per cent of total solids 
and 3.15 per cent of fat and is therefore tantamount to raising 
the State standard.

C i t y  L a b o r a t o r y  J o s e p ! i  R a c E '
O t t a w a , C a n a d a  City Bacteriologist and Chemist

March 10, 1917

Editor of the Journal of Industrial and Engineering Chemistry:

We beg to suggest the following as comment on Mr. Race’s 
criticism of our handling of the standards in our paper in the 
March issue of T h is  J o u r n a l . We believe the trouble with Mr. 
Race’s whole argument is to be found in his statement: "M y 
opinion is that standards are to be regarded as the minimum 
percentages of certain constituents that are to be contained in the 
article sold as milk.”  It is quite true that the principle here 
enunciated is the principle on which many food standards are 
based. It is, however, obvious that all food standards of 
natural products should be based on the natural composition 
of the product. Inasmuch as milk was one of the first materials

legislated upon and as the legislation was largely done by persons 
unfamiliar with the principles which should govern the establish
ment of standards, we think it logical to suppose that these 
standards represented the ideas of legislators as to the natural 
composition of milk, based either on experience or on what was 
supposed to be reliable information. This is borne out by the 
fact that many of the states require that milk shall be sold as 
produced.

It follows that standards so made should conform in their re
quirements to the natural article. The other alternative, namely, 
the allowing of the manipulation of milk (such as the extraction 
of the fat) would appear to be foreshadowed by the present 
trend of ideas regarding milk standards. Such milk would 
necessarily have to be sold either with a statement on the label 
of the percentage of fat and total solids (or solids-not-fat) or 
would have to be sold as of a specified standard of composition, 
such as "sub-standard,” "above standard,”  etc. In this case 
Mr. Race’s contention that the fat and solids-not-fat need bear 
no definite relationship to one another is correct, but this, of 
course, would mean that the legal provision requiring milk to be 
sold as produced would have to be abrogated, and any milk 
would be adulterated only if it departed from this declared 
composition.

Having regard, however, to the present standards, most of 
them fail to prevent adulteration because their makers (like Mr. 
Race) appear to think, regarding the figures set for fat and solids- 
not-fat (or total solids), that "it is not essential for this purpose 
that they should bear any relation to their relative proportions in 
milk.” The point can be illustrated from Mr. Race’s letter. He 
says "Only one sample (2.9 per cent fat) was deficient in fat and 
yet satisfied the standard for solids,”  which, as he tells us, is 12 
per cent in Ottawa. A sample of milk analyzed by us in New 
York City had the composition: fat 4.8, solids-not-fat 9.17, 
total solids 13.97. The dairyman supplying Mr. Race’s sample 
evidently started with a milk of somewhat this composition, 
for we could reduce this milk to a fat percentage of 2.9 by the 
abstraction of about 40 per cent of its fat as cream, and still have 
milk within the legal limit of total solids (2.9 +  9.17 = 12.07), 
and this is probably what happened to the sample in question. 
It is, moreover, a legal sample under the Rhode Island law.

It is because the present unbalanced standards not only allow 
of but are, especially where certain strains of cattle furnish the 
milk supply, an invitation to such manipulation, that we object 
to them.

B u r e a u  o f  F o o d s  a n d  D r u g s  L u c iu s  P. BROWN 
N e w  Y o r k  C i t y ,  March 16. 1917 CLARENCE V . E k ro T H

TH E FIXATION OF NITROGEN— CORRECTION

In my article under the above title, T h is  J o u r n a l  ̂ 9 ( 1 9 1 7 ) , 
233, the following corrections should be made:

P. 236, Equation 8, 2NaCN should read: Na2C03.
P. 245, 6th paragraph should read: "This shows how easily 

one can get, etc.”
P. 246, foot-note 1 should read: J. Chein. Soc., etc.
P. 248, 2nd equation, 2Na2COa should read: Na2C03.
P. 250, 2nd column, 5th line from bottom of page, 

(C0 (NH2)2.HN03 should read: CO(NHi)I.HNO».
P. 251, equation near top of first column, should read: 

(CN)2 +  2H20 = (CONH2)2.
J o h n  E. B u c h e r

TH E GERM AN ALARM CLOCK— CORRECTION

In the article under the above title printed in T h is  J o u r n a l , 
1 (1917), 59, the following correction should be made:

Page 62, Column 1, Line 19, the figure $10,000,000 should 
read $10,000.

H . E. H o w e
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PER SO N A L NOTE5
President Stieglitz has appointed W. D. Bigelow chairman of 

the Membership Committee to succeed Frank K. Cameron, 
resigned, and F. G. Cottrell a member of the Committee to 
fill the vacancy caused by Dr. Bigelow’s appointment to the 
chairmanship. The other member of the Committee is Charles 
L. Parsons.

Dr. H. E. Barnard has been elected, by the Council letter- 
ballot, a Director of the American Chemical Society to fill the 
unexpired term of Dr. E. G. Love. The Council also approved 
the election by the Directors of Dr. E. G. Love as Treasurer of 
the Society.

Prof. Wilder D. Bancroft addressed the Indiana Section of the 
A. C. S. on “ Contact Catalysis,”  on March 9th.

Edward Dyer Peters, Professor of Metallurgy at Harvard 
University and the Massachusetts Institute of Technology, 
died at his home in Dorchester, Mass., 011 February 17th, in his 
sixty-eighth year. Prof. Peters became a lecturer at Harvard 
in 1903 and had been a professor of metallurgy there since 1904.

The lecture by Dr. John Uri Lloyd, which was to be given 
on April 13th at the College of the City of New York, has 
been indefinitely postponed.

Mr. Alex. L. Feild has decided to remain with the Bureau of 
Mines at Pittsburgh. He was noted in our March issue as 
having accepted a position with the Gulf Pipe Line Company, 
Houston, Texas.

Prof. Henry M. Howe has been awarded the John Fritz 
Medal for 1917 for his investigations in metallurgy.

Mr. Stanley B. Pennock has been killed by an explosion in 
the works of the Aromatic Chemical Company, of which he was 
a partner. He was working at the time of his death on a new 
process for chlorination.

Prof. C. C. Todd, of the State College of Washington, announces 
that early in the week of February 25th there was stolen from 
their laboratory a platinum dish weighing about 48.5 g. and 
marked with four ciphers, 0000.

Dr. Jeffery Stewart, of the Philadelphia Section of the A. C. S., 
has resigned as secretary and superintendent of the India Re
fining Company, of Philadelphia, and is now connected with the 
oil firm of E. F. Drew' & Company, of that city.

Dr. Lloyd Balderston lectured on "Tanning” at the regular 
meeting of the Philadelphia Section of the A. C. S. on March 
15th. The Second Annual Smoker of the Philadelphia Section 
will take place on April 12th.

Mr, Walter Laib has been appointed superintendent of The 
Ohio Salt Company at Rittmau, Ohio. This plant has a daily 
salt capacity of 5000 barrels, in addition to its production of 
chlorate of potash, manufactured under Mr. Laib’s patent.

Mr. Oscar W. Palmenberg announces the removal of his busi
ness front the Chemists’ Building to the Hudson Terminal 
Building, 50 Church Street, New York City, where he has taken 
over the. chemical and physical laboratories of Dr. Chas. F. 
McKenna, who intends to confine his attention to his consulting 
practice.

Mr. A. E. Marshall has severed his connection with The Ther
mal Syndicate and has taken up the works management of the 
Davison Chemical Company’s plant at Curtis Bay, Md.

The Burdett Oxygen Company completed the erection of its 
Salt Lake City plant on March ist, and is in a position to furnish 
pure oxygen to users in that territory. The capacity of their 
Los Angeles plant has recently been increased 50 per cent.

Dr. Gustav Drobegg has been superintendent of Plant D, of 
the Butterworth-Judson Corporation, at Newark, N. J., since 
the beginning of this year. He was formerly superintendent 
for Charles Pfizer & Company until 1912; then manager of manu
facturing department for the Synfleur Scientific Laboratory, 
Monticello; and for the past two years with the Beckers Aniline 
Chemical Works, in charge of research and part of plant.

The McGraw Publishing Company and the Hill Publishing 
Company have been consolidated as the McGraw-Hill Publishing 
Company Inc., with James H. McGraw as president. Engineer
ing News (formerly Hill property) and Engineering Record (for
merly McGraw property) will be consolidated under the name 
Engineering News-Record, with Charles Whiting Baker, now 
editor of Engineering News, as editor-in-chief.

The United States Civil Service Commission announces the 
following open competitive examinations: Assistant chemist 
(male), salary $1,000 a year, on April 18, 1917; assistant chemist 
in forest products (male), salary $900-$!,500 a year, on April 
18-19, I9'7-

Mr. M. O. Lamar, of the General Electric Company, has taken 
charge of the analytical laboratory of the Norton Company, 
at Niagara Falls.

The Twenty-fifth Anniversary of the New York Section of the 
American Chemical Society was celebrated with a dinner and 
smoker at the Chemists’ Club, on March 9, 1917. The opening 
remarks of Chairman Matthew’s were followed by addresses 
by Provost Edgar F. Smith, of the University of Pennsylvania, 
on "Robert Hare;” Dr. Wm. H. Nichols on "The Early History of 
the Society;”  and Dr. E. G. Love on "The First Years of the New 
York Section,”  Dr. Charles F. Chandler, who was scheduled 
to speak, was unable to attend. In honor of the occasion, Dr. 
Charles A. Doremus presented to the Section a large steel 
engraving of Prof. J. W. Draper, first president of the American 
Chemical Society. The officers elected for the coming year are: 
Chairman, Dr. Chas. Ii. Herty; secretary-treasurer, Mr. Chas. F. 
Roth.

The Pacific Coast Borax Company announce that their potash 
plant at Searles Marsh started up on the ist of April. They 
expect to turn out quite an amount of potash during the month 
of April and state that from that time forth the present unit 
should produce 1000 tons per month, running 80 per cent or 
better.

Harrison W. Craver, chief librarian of the Carnegie Library 
of Pittsburgh since 1908, has tendered his resignation to the 
Library Committee of the Board of Trustees of Carnegie Institute, 
to take effect April ist. Mr. Craver has accepted a position 
as director of the library of the United Engineering Societies 
of New York, and left Pittsburgh the latter part of March 
to assume his new charge. His new- position will put him in 
direction of what is believed to be the largest engineering library 
in the world, with approximately 150,000 volumes on tech
nological subjects on its shelves.

Mr. Howard F. Weiss has resigned the directorship of the 
U. S. Forest Products Laboratory at Madison, Wis., and from 
April ist will be connected with the C. F. Burgess Laboratories, 
Madison, Wis.

A t a special meeting of the Cincinnati Section of the A. C. S. 
on March 7, Dr. Wilder D. Bancroft, of Cornell University, 
spoke on “ Contact Catalysis.”  A regular meeting of the Cin
cinnati Section was held on March 28, with the following pro
gram: “ The Composition of Menhaden Oil Fatty Acids,”  
by Dr. Ernst Twitchell, and "The Progress of Chemical In
dustry,”  by Mr. H. B. Schmidt.
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Mr. A. Brooking Davis, who is now with the Ault & Wiborg 
Company, Cincinnati, is chemical director of that concern.

Eimer & Amend give notice that the man under the name of
F. H. (or H. F.) Frank, or Fisher, soliciting orders and obtaining 
money by using the name of their firm, is an impostor and acting 
entirely without their authority. He has been operating in 
Chicago, Cleveland and Grand Rapids, and perhaps else
where.

The University of North Dakota has been granted an appro
priation from the State Legislature of $90,000 for the first unit 
of a new chemistry building, construction of which will begin 
immediately. The department of chemistry has more than 
doubled in the last five years and was sorely pressed for 
room.

We are informed by Mr. Anton Richard Rose, of New York 
City, that the “ Norsk hydroelektrisk Kvaelstof aktieselskab” 
has set aside 100,000 kr. to be transferred to the 
Nansen Fund trustees, Kristiania, Norway, for the promotion 
of chemical and physical research. Inasmuch as the founder 
of this company, Sam. Eyde, celebrates his 50th birthday on 
October 29th, the company desires that this fund be known as 
"The Sam. Evde Fund for the promotion of chemical research." 
Only the interest from the fund is to be expended, and in such 
manner as the trustees may deem desirable for scientific in
vestigations within the designated field. [See Tid. Kemi, 
Farm. Terapi, 13 (1916), 301.]

NO TIC E—Publications for which price is indicated can be 
purchased from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. Other publications can 
usually be supplied from the Bureau or Department from which 
they originate. Commerce Reports are received by all large 
libraries and may be consulted there, or single numbers can be 
secured by application to the Bureau of Foreign and Domestic 
Commerce, Department of Commerce, Washington. The regu
lar subscription rate for these Commerce Reports mailed daily is 
$2.50 per year, payable in advance, to the Superintendent of 
Documents.

BU RE A U  OF STANDARDS

A Study of Electromagnet Moving Coil Galvanometers for 
Use in Alternating Current Measurements. E rn es t W eibel. 
Scientific Paper 297. This paper gives the results of a study of 
the electromagnet moving coil galvanometer that has led to the 
construction of instruments with sensitivities much greater 
than those previously obtained and equal to those of the best 
direct current moving coil galvanometers. The theory of the 
instrument is developed.

The Recovery of Paraffin and Paper Stock from Waste Paraffin 
Paper. W. H. Smi th. Technologic Paper No. 87. 4 pp. 
“ This paper describes a process for the recovery of the paraffin 
and paper stock from waste paraffin paper. The waste is 
pulped with exhaust steam in a vertical boiler. The wax rises 
to the surface, and is drawn off with the hot water through a 
screen, the stock settling to the bottom of the boiler. The 
stock is transferred to a heating engine and further treated for 
the removal of the residual paraffin. Paper prepared from the 
recovered stock was free from wax and satisfactory in every 
respect. Practically all of the paper stock is recovered, but 
about 10 per .cent of the paraffin in the waste is lost during the 
process.”

This paper is no longer available for free distribution; it can 
be procured only from the- Superintendent of Documents. 
Paper, 5 cents.

The New York Section of the Society of Chemical Industry 
held its March 23rd meeting in conjunction with the Home 
Economics Association. Prof. Lafayette Mendel, of Yale 
University, spoke on "Food Fads” and' Dr. Graham Lusk, of 
Cornell University, on "Food Values.”

The Williams Patent Crusher & Pulverizer Company, St. 
Louis, Mo., have taken larger quarters for their Pacific Coast 
sales office, at 67 Second St., San Francisco. Mr. O. J. Williams 
is in charge of the San Francisco office.

The Second Annual Drainage Conference of the University 
of Illinois was held March 13-15, 1917. The organization 
and financing of drainage districts, the surveying of drainage 
areas, the design of systems, and improved methods of con
struction were among the subjects considered by engineers 
and public officials of prominence. The meeting was in 
charge of the department of Civil Engineering, College of 
Engineering, Urbatia, Illinois.

A Public Inspection Day for the new chemical building of the 
University of Cincinnati has been set for April 7. The program 
includes an address by Dr. Chas. H. Herty, and a subscription 
dinner at the Hotel Gibson Ball Room.

Dr. Charles A. Mann, of the University of Wisconsin, has 
been appointed associate professor of chemical engineering at 
Iowa State College, to succeed Prof. George A. Gabriel, who 
goes into practical work.

Fees for Electric, Magnetic, and Photometric Testing. Cir
cular No. 6, 7th Edition, 30 pp. "Information regarding tests, 
range of testing, instructions to applicants, and schedules of 
fees, for electric resistances and instruments, apparatus for 
radio communication, magnetic testing, testing magnetic parts 
of materials, radioactivity, and photometry.”

National Electrical Safety Code. Circular No. 54, 2nd Edition, 
323 pp. Paper, 20 cents, or Cloth, 30 cents. This publica
tion is for examination, trial, and constructive criticism; it 
gives definitions of terms and rules for installation, operation 
and maintenance of central station and substation equipment, 
overhead and underground lines, grounding of apparatus and 
supports, and for the installation of wiring for electrical utiliza
tion apparatus.

Some Technical Methods of Testing Miscellaneous Supplies. 
P. H. W a l k e r. Unnumbered publication, reprinted from 
Bureau of Chemistry Bulletin 109, with notes and corrections. 
68 pp. Paper, 15 cents. This report includes methods for 
paint and paint materials, ink, lubricating oils, soaps, etc.

Resistance of an Oil to Emulsification. W in sl ow H. Her- 
scnEL. Technologic Paper No. 86. 37 pp. In this paper is
described a new test for the émulsification of oils. Certain 
results obtained by such measurements are also discussed. The 
test may be briefly described as follows: 20 cc. of the oil to be
tested and twice that volume of distilled water are heated to 
55° C. in a 100 cc. cylinder, 26 mm. inside diameter, and stirred 
for 5 minutes at a speed of 1500 revolutions per minute. The 
cylinder and contents are allowed to stand at the same tempera
ture, and readings are taken at more or less frequent intervals 
(according to the type of oil) of the volume of oil settled out from 
the water. From these readings, a maximum rate of settling, 
called "demulsibility,”  is easily taken from a table. The 
paddle is simply a plate of metal 8.9 by 20 by 1.5 mm. Since 
the test is not sensitive to slight changes of paddle dimensions, 
they need not be exact, and no calibration is required.

G OVERNMENT PUBLICATIONS
B y  R .  S. M c B r i d i î ,  Bureau o f  Standards, Washington
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Studies on Paper Pulps. W. H. S.MiTn. Technologic Paper 
No. 88. 13 pp. Paper, 5 cents. “ Samples of paper pulps,
each representing a different method of preparation, with one 
exception of American manufacture, have been examined to 
determine their chemical properties. The loss in weight produced 
by reagents causing hydrolysis and oxidation and the gain in 
weight when nitrated have been determined with the same pulps. 
The effect of sunlight, temperature, and ozonized air on the chem
ical constants of ground wood has been ascertained.”

A Specific Gravity Balance for Gases. J u n i u s  D a v i d  E d 
w a r d s .  Technologic Paper 89. 17 pp. Paper, 5 cents. “ The
apparatus described provides a quick and accurate means of 
determining gas density. A form of balance-beam support has 
been devised which gives high sensibility. The needles which 
replace the knife-edge are easily adjustable and, in contrast 
with the metal or quartz knife-edge usually used, can be obtained 
almost anywhere, are inexpensive, and can be replaced as often 
as necessary. The success obtained in the use of this apparatus 
is mainly due to the high sensibility afforded by this means of 
support. It is necessary to remove the beam from the case only 
when it is desired to transport it. No leveling bottle is necessary 
in adjusting the gas pressure within the balance, this being ac
complished by means of a needle valve which affords precise 
control. The portable outfit combines lightness of weight, con
venience in use, and durability without any great sacrifice of 
accuracy. No preliminary calibration of the apparatus is neces
sary.”

United States Government Specification for Portland Cement. 
A n o n y m o u s .  Circular No. 33, 3rd Edition. 43 pp. Paper, 
10 cents. This specification is the result of several years’ 
work of the joint conference representing the United States 
Government, the American Society of Civil Engineers, and 
the American Society for Testing Materials. It was adopted 
by the United States Government and by the American Society 
for Testing Materials, to become effective January 1, 1917.

BU R EA U  OF THE CENSUS  

Census of Manufactures: General Totals for United States 
by Géographie Divisions, States, and Industries, 1914, 1909, 
1904 and 1899. 26 pp. "General statistics for manufactures
censuses for 1914, 1909, 1904 and 1899 are shown in two tables. 
Table 1 presents a comparative summary for the United States 
by geographic divisions and States, by number of establish
ments, average number of wage earners, primary horsepower, 
capital, wages, materials, and value of product. Table 2 gives 
comparative summary, under same headings as in Table 1, 
for 333 of principal industries for which statistics were gathered 
in 1914.”

Cotton Production and Distribution, Season of 1915-16. 
Bulletin 134, 99 pp. Paper, 20 cents. This report includes 
statistics regarding the manufacture of cottonseed products 
which are of chemical interest.

FEDERAL TRADE COM M ISSION  

Fertilizer Industry. Senate Document 551, 64th Congress, 
1st Session. 269 pp. Paper, 50 cents. This is a report of the 
Federal Trade Commission in response to a Congressional resolu
tion calling for a report on an investigation of the fertilizer in
dustry which was begun by the Bureau of Corporations.

NATIO NAL M USEUM  

Newly Found Meteoric Stone from Lake Okechobee, Florida. 
G e o r g e  P. M e r r i l l . From Proceedings, Vol. 51 (December 21, 
1916), 525-526. Reprint No. 2163.

Notes on Whitfield County, Georgia, Meteoric Irons, with 
New Analyses. G e o r g e  P. M e r r i l l . From Proceedings, 
Volume 51 (December 16, 1916), 447-449. Reprint No. 2157.

Recently Found Iron Meteorite from Cookeville, Putnam 
County, Tennessee. G e o r g e  P. M e r r i l l . From Proceedings, 
Volume 51 (November 24, 1916), 325-326. Reprint No. 2153.

DEPARTM ENT O.F A G RICULTURE

The following seven articles from Volume 8 of the Journal of 
Agricultural Research are of chemical interest:

(1) Availability of the Potash in Certain Orthoclase-Bearing 
Soils as Affected by Lime or Gypsum. L y m a n  J. B r ig g s  
a n d  J. F . B r ë a z e a l ë . (January 2, pp. 2 1-2 8 .)

(2) Ewes’ Milk: Its Fat Content and Relation to the Growth 
of Lambs. E . G. R i t z m a n .  (January 8, pp. 2 9 -3 5 .)

(3) Calcium Compounds in Soils. E d m u n d  C. S i io r e y , 
W il l ia m  H . F r y  a n d  W il l ia m  H a z e n . (January 15 , pp.
5 7 - 7 7 -)

(4) Effect of Fertilizers on the Composition and Quality 
of Oranges. H . D . Y o u n g . (January 22, pp. 1 2 7 -1 3 8 .)

(5) Measurement of the Inactive, or Unfree, Moisture in 
the Soil by Means of the Dilatometer Method. G e o r g e  
B o u y o u c o s . (February 5, pp. 19 5 -2 17 .)

(6) Arsenical Injury Through the Bark of Fruit Trees. 
D e a n e  B. S w in g l e  a n d  H . E. M o r r i s . (February 19, pp. 
2 8 3 -3 17 .)

(7) Effect of Irrigation Water and Manure on the Nitrates 
and Total Soluble Salts of the Soil. F. S. H a r r i s  a n d  N. I. 
B u t t .  (February 26, pp. 3 3 3 - 3 5 3 .)

Possibility of the Commercial Production of Lemon-Grass
011 in the United States. S. C. H o o d .  Department Bulletin 
442, from the Bureau of Plant Industry. 12 pp. Paper, 5 
cents. Published January 25. This is a report of experiments 
conducted to determine the commercial possibilities of the culti
vation of lemon-grass for the production of the oil which is used 
in the manufacture of perfumes and soaps.

Composition of Hawaiian Soil Particles. W illiam T. M c -  
G e o r g e .  Bulletin 42, Hawaii Agricultural Experiment Station.
12 pp. Paper, 5 cents. Published January 17.

Improved Apparatus for Use in Making Acidity Determina
tions of Corn. H. J. B ë s l E y  a n d  G . H. B a s t o n . Circular 
No. 68. 4 pp. Paper, 5 cents.

PUBLIC H EALTH  SERVICE

Commission on Milk Standards. Third Annual Report 
of the Commission on Milk Standards appointed by the New 
York Milk Committee. Public Health Reports, 32, 2 7 1 -9 6  
(February 16).

GEOLOGICAL SURVEY

Tungsten Deposits of Northwestern Inyo County, California. 
A d o l p h  K n o p f . Bulletin 640-L, from Contributions to Economic 
Geology, 1916 , Part II, pp. 3 1 1 - 3 3 3 . Published February 8. 
" A t  present interest in the mining of the eastern black shales 
as a source of oil must confine itself to localities where one of 
three conditions is met. The shale can be utilized, first, where 
it outcrops in a position to permit mining 011 a large scale by 
steam shovel at a minimum cost; second, where coal that is over- 
lain by bituminous shale is being stripped; and third, where a 
coal bed that is being mined has a black shale roof that comes 
down and must be removed from the mine in large amounts. 
Of these the second condition seems to offer the best opportunity 
for a trial plant, as the overlying black shale must be removed 
in mining the coal. A t  such pits it would require only that an
other shovel be installed to lift the shale, or the small shovel 
now used to lift the coal could be used to lift the black shale 
first. This black shale over the coal appears to have the ad
vantage of a higher oil yield. Where the roof shale is as rich as 
at Cannelton, Pennsylvania, it may pay to mine the shale with 
the coal.”

The Cleveland Gas Field, Cuyahoga County, Ohio. With 
a Study of Rock Pressure. G. S h e r b u r n e  R o g e r s . Bulletin 
66 j-A, from Contributions to Economic Geology, 1 9 17 , Part 
II, pp. 1-6 8 . Published March 2.

Useful Minerals of the United States. Compiled by F r a n k  
C. S c h r a d e r , R a l p h  W. S t o n e  a n d  S a m u e l  S a n f o r d . Bulle
tin 624. This bulletin may be regarded as a thoroughly revised
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edition of Bulletin 585, greatly enlarged and brought up to date. 
The present bulletin, like the earlier work, gives concisely the 
location, by states and counties, of the principal deposits of 
useful minerals, and includes a glossary showing the composition 
and character of each mineral and the location of its principal 
deposits. It gives also the principal uses of each mineral, a 
feature not appearing in the earlier bulletin. As a . mineral 
directory it will be useful to scientific bureaus and educational 
institutions that deal with the numerous inquiries of the general 
public concerning what may be called commercial mineralogy, 
as well as to the prospector, miner, manufacturer, business man, 
and student of economic conditions.

Gold and Silver in 1915. (General Report.) II. D. Mc- 
C a s k e y  a n d  J. P. D u n l o p .  From Mineral Resources of the 
United States, 1915, Part I, pp. 767-803. Published March 2.

The Inorganic Constituents of Marine Invertebrates. F r a n k  
W i g g l e s w o r t h  C l a r k e  a n d  W a l t e r  C a l h o u n  W h e e l e r .  
Professional Paper 102. 52 pp. Paper, 10 cents.

Baked Shale and Slag Formed by the Burning of Coal Beds.
G. S h e r b u r n e  R o g e r s .  Professional Paper 108-yl, from 
Shorter Contributions to General Geology, 1917, pp. 1-10. 
Published March 3.

BUREAU OF M IN E S

Abstracts of Current Decisions on Mines and Mining. Re
ported from May to August, 1916. J .  W . T h o m p s o n .  Bulletin 
143. 68 pp. Paper, 10 cents.

Refining and Utilization of Georgia Kaolins. I r a  E .  S p r o a t .  
Bulletin 128. 49 pp. Paper, 15 cents. "Up to the present
time mechanical principles only have been applied in the refining 
of kaolins, but in order to keep pace with the increasing require
ments for better quality and uniformity of product, the applica
tion of the principles of colloidal chemistry is necessary.

"The investigation described in this report was carried on to 
determine the practicability of applying technical control of 
clay disperse systems to the refining of kaolins and the utiliza
tion of the prepared clay in the manufacture of vitreous china 
and wall tile.

"I t  is hoped that this report will prove a stimulus to the clay- 
washing industry; will point out a method of refining certain 
American clays, and will lead to the substitution of domestic 
kaolins for imported china clays by manufacturers of high-grade 
ceramic wares.”

H Y G IEN IC  LABO RATO RY

Experimental Studies with Muscicides and Other Fly-De
stroying Agencies. E a r l e  B. P h e l p s  a n d  A l b e r t  F. S t e v e n 
s o n .  Bulletin No. 108. 37 pp. Paper, 10 cents. “ A  some
what comprehensive survey has been made of other chemical 
substances having possible muscicidal properties with a view to 
substituting them for the arsenic preparations now commonly 
employed.

"Of the substances frequently recommended, potassium di- 
chromate and quassia sirup have been found to be of little value. 
Formaldehyde, on the other hand, when properly employed 
has been found to be much more efficient than the standard ar- 
senite solution. The studies have indicated the most efficient 
strength of the formaldehyde solution to be from 0.5 to 1 per 
cent, which is equivalent to 1.25 to 2.5 per cent of the 40 per cent 
solution sold as formalin.

"A  muscicide of almost equal efficiency and of distinctly su
perior qualities in many ways has been found in the substance 
sodium salicylate, a 1 per cent aqueous solution of which is recom
mended.

"A t midsummer temperatures the efficiency of either of these 
preparations is slightly greater than that of solutions prepared 
for commercial poison papers. Directions for preparing these 
solutions in the household and recommendations for their com
mercial preparation and sale are made.”

COMMERCE R E PO R T S— FE B R U A R Y , 19 1 7

The yield of indigo in British India for 1916-17 will be about 
75 per cent greater than in 1915-16. (P. 449)

The production of Chinese wood-oil in China is described in 
detail. The methods of extraction are crude but fairly effective. 
In China the oil is largely used directly for painting boats, for 
the manufacture of water-proof varnish on cloth, in lacquer 
and other varnishes, soap, and leather dressing. In other coun
tries, chiefly the United States, it is used in the manufacture of 
varnish from cheap gums. The possibilities of its cultivation in 
the Southern States of this country are promising. (Pp. 457-60) 

The sugar beet crop of Russia shows a marked decrease.
(P. 469)

Efforts are being made to develop electric smelting of iron ore 
at Mysore, India. (P. 482)

The discovery of large deposits of molybdenum ore in Peru 
is reported. (P. 495)

Practically no wood pulp is now being made in Brazil, though 
steps are under way to develop the industry. (P. 508)

Direct shipment of cochineal from the Canary Islands to the 
United States is increasing. (P. 519)

The production and export of nitrate from Chili is now greater 
than at any previous time, even before the war. (P. 555) 

Efforts are being made in Spain to prohibit the export of “ green 
sulfur oil”  (crude olive oil) to offset the shortage in Spain of 
other soap fats and oils. (P. 596)

Efforts are being made by the Bureau of Fisheries to develop 
the manufacture of leather from shark skins. (P. 635)

The amount of rubber shipped from Brazil and Peru to the 
United States is now over two and one-half times that shipped 
to Europe. (P. 642)

Efforts are being made to develop the cultivation of sugar beet 
seed in this country. (P. 669)

The mineral output of the Kingston district in Canada, in
cludes mica, iron ore, feldspar, talc, pyrites, fluorspar, molyb
denum and zinc ores, and graphite; most of which are controlled 
by American capital. (P. 692)

Efforts are being made in England to promote the spinning of 
yarn from kapok fiber, now used extensively in upholstery and 
life preservers. (P. 710)

The total production of potash in the United States in 1916 
represented about 10,000 tons of K 20 . (P. 728)

Commercial methods used for the measurement of leather 
are being investigated by the Bureau of Standards. (P. 738) 

Japan is exporting annually about 75,000 tons of sulfur, 
one-half to the United States. (P. 788)

S t a t i s t i c s  o p  E x p o r t s  t o  t i i b  U n i t e d  S t a t e s

K o b e , J a p a n — 5 6 2  
A ntim ony ore 
B ronze pow der 
C am phor gum  
Copper 
A lbum en 
M atches 
M enthol 
C am phor oil 
C asto r oil 
C ocoanut oil 
C ottonseed  oil 
F ish  oil 
P ean u t oil 
R apeseed oil 
Soya bean oil 
Porcelain
S h e r b r o o k e , C a n a d a  

— 461  
Asbestos 
C hrom ate  of iron 
Copper ore 
H ides
M aple sugar 
P aper 
Pulpwood 
W ood pulp
U n i t e d  K i n g d o m —

52 0  
R ubber 
T in  
Hides
A rtificial silk

Liquors
Am m onium  sulfate
P ap er stock
G um  copal
C asto r beans
Ferrom anganese
P alm  oil
L ea ther
Clay
Steel
P o tte ry
Copper
N ickel sulfate

A m s t e r d a m — \  17
D iam onds
Hides
C inchona bark
Quinine
R ags
Pain ts
R u b b er

B r i t i s h  I n d i a — 7 8 7  
Hides
K ad ay a  gum  
M yrabo lam  gum  
M anganese ore 
Sa ltpe te r 
C asto r seeds 
T urm eric  
C oconut oil 
Indigo 
N ux  vom ica

B o r d e a u x — 6 0 7  
Aloxite
P o tassium  b ita rtra te
R ubber
Olive oil
P aper
W ine

R u s s i a — 6 1 0  
Hides
Licorice roo t 
Sugar-beet seed 
Casein 
B irch ta r  oil 
C antharides 
E rg o t * 
Lycopodium  
G um  tra g a can th  
Fusel oil

I t a l y — 6 2 7  
Hides 
T a r ta r  
Zinc ore 
Liquors 
Artificial silk

L o n d o n — 6 5 7
R ubber
P la tinum
T in
H ides
Indigo
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B O O K  REVIEWS
A German-English Dictionary for Chemists. B y  A u s t i n  M .

P a t t e r s o n , P h .D ., formerly editor of Ch em ical A bstracts.
xvi +  316 pp. John W iley and Sons, Inc., New York, 1917.
Price, $2.00 net.

Dr. Patterson has performed a public service in the compila
tion of his German-English Dictionary for Chemists. His ex
tended experience as Editor of Ch em ical A bstracts has given him 
exceptional qualifications for such an undertaking and the work 
shows the same painstaking care which characterized his suc
cessful work as Editor.

All chemists will understand the particular value of such a 
dictionary if they will recall their early efforts to read the Ger
man chemical journals, following a general two years’ collegiate 
course in German and with the aid of the usually available 
German-English dictionaries. W hat a host of words and abbre
viations presented themselves for the significance of which 
dictionaries gave no assistance. These old friends for whom 
we so long and fruitlessly sought are present in this new volume 
ready a t hand and easy of access. So too for older chemists, 
already familiar with the German language, the book will prove 
of great value wherever accurate translation of any passage is 
required.

T he printing is good, the covers are flexible, and the size is 
suited to the coat pocket. It  meets a real need and it  is safe to 
predict its general use.

C i i a s . H . H e r t y

H ow  to Build up Furnace Efficiency. B y  J o s e p h  W . H a y s ,
Combustion Engineer. Tenth Edition. 154 pp., 26 illustra
tions. Joseph W . Hays, Rogers Park, Chicago, Illinois.
Price, $1.00.

In the preface of this book the author explains that he has 
been led to write this rather technical subject of combustion 
in a really popular way, such as the public would want. The 
present tenth edition contains many new features. There 
are new charts, diagrams and illustrations to make clear some 
of the things that are hard to explain in the printed page. The 
author endeavors to show the manager, superintendent, en
gineer and fireman of the power plant how they m ay proceed 
actually to work a real reduction in the coal bills.

The object of the book is to make clear to engineers and 
firemen the proper w ay of operating a boiler furnace most 
economically, and the means suggested are not new, but the 
mode of expression is interesting and simple and as the author 
confesses "rather unvarnished,”  and he knows that the man
ager and engineer will accept his criticisms with the same good 
nature in which they are offered.

The subject discussed deals principally with the relation 
of the percentage of carbon dioxide in the flue gas, the draft 
in the furnace, stack temperature, leaks due to faulty boiler 
setting and how these affect the conditions for proper com
bustion.

The subject of fuel waste is enumerated and each loss is ex
plained; it is further shown what the possible economies m ay 
be, how the wastes occur and how to overcome them.

In the appendix a number of charts are presented showing 
in a graphic w ay the relation between the constituents of the 
air and the products of combustion when burning different 
fuels such as oil, gas, wood, refuse and other material.

The book is written in “ F ive Reels:”  (1) W hy Y ou r Fuel 
Is W asted; (2) How Y our Fuel Is W asted; (3) How to "Sp ot” 
Y our Fuel W aste; (4) How to Stop Y our Fuel W aste; (5) How 
to Keep the W aste Stopped. T he book is of convenient size 
to have a t hand and use as a  guide.

O s c a r  W . P a l m e n b e r g

The Chemistry and Technology of Paints. B y  M a x im il ia n  
T o c h . Second Revised Edition. D. Van Nostrand 
Company, New York, 1916. xi +  366 pp., 83 illustrations. 
Price, §4.00.

T he first edition of this book was published in 1907 and 
entitled “ The Chemistry and Technology of M ixed Paints.”  
I t  contained 166 pages as against 366 of the second edition, 
so that the enlargement is very material. Since the publica
tion of the first edition there has been a large' amount of atten
tion devoted to the study of paint, and there are in consequence 
28 chapters in this second edition as against 16 in the first, 
and such a subject as "Chinese Wood O il”  has 111 pages de
voted to it whereas formerly it had 6, while considerable atten
tion is given to the newer work on fish oil and soya bean oil. 
T h at portion of the work devoted to the analysis of paint ma
terials has undergone most marked changes, for in the analytical 
methods applicable to paint materials, and especially to oils, 
the work done in recent years has been very extensive and 
the results are incorporated in this second edition.

One of the noticeable features of the book is the treatment 
in Chapter 10 of the inert fillers and extenders. Until compara
tively recent years, these materials were regarded as adulter
ants of paint and are by  many so regarded now. The author 
treats these as though, within their stated limitations, they 
were entitled to the same kind of consideration as the older 
pigments such as lead and zinc, and discusses their merits and 
demerits quite as fully and in a manner equally scientific and 
exact. I t  m ay be said of the work generally th at it  is up-to- 
date, that it covers the fields suggested by its title thor
oughly, and that it is full of suggestions for further research 
and improvement.

P. C. M cI lh iney

Engineering Chemistry. B y  T h o m a s  B. S t i l l m a n . Fifth 
Edition. 743 pp., 8vo., with 150 illustrations. The Chem
ical Publishing Company, Easton, Pa., 1916. Price, $5.00.

The appearance of five editions of this book since the first 
issue shows that it  has been extensively used. On account of the 
death of the author in August 1915, when this edition was 
approaching completion, its final publication has been carried 
out b y  Messrs. A lbert L. and Thomas B . Stillman. The book 
has been considerably enlarged and modified, but the main fea
tures of the previous editions have been retained.

The sub-title of the work describes it  as " a  manual of quan
titative chemical analysis for the use of students, chemists 
and engineers,”  but it is to be observed that descriptions of 
m any physical tests, copies of specifications, and other topics 
not dealing strictly with chemical analysis are included. On 
the other hand the book deals with only a  restricted field of 
analytical chemistry, confining itself practically to the testing 
of such materials as are used in civil or municipal engi
neering.

I t  does not deal with mineral analysis or organic analysis 
in general, nor does it deal with the analysis of the important 
products of chemical industry, such as acids, alkalies, salts, 
bleaching materials, dyes, medicinal products, etc. How
ever, the book presents much that is useful in its particular 
field.

Among the subjects most extensively treated are the prox
imate analysis of fuels, their colorimetry and their physical 
examination, the analysis of iron, steel and a number of non- 
ferrous alloys, the analysis and physical tests of cement, con
crete, clay, sand and building stones, the examination of asphalt 
and other bituminous road materials, of coal tar, lubricating
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oils, illuminating oils and fuel oils, soap, paint and varnish 
analyses, the chemical and physical examination of paper, 
the analysis and treatment of potable waters and boiler 
waters, the analysis of flue gases, illuminating gases, etc., the 
manufacture of producer gas, water gas and acetylene, photom
etry and pyrometry. M any official methods are quoted and 
many interesting details of manufacture are given. The book 
is to be highly recommended to those interested in these lines 
of examination.

The book contains several condensed tabular schemes of 
analysis, which, while useful to experienced analysts as aids 
to memory, give hardly sufficient details for the use of beginners. 
One of them, dealing with the analysis of potassium cyanide, 
has a misprint of " K  T ”  for " K  I ” and it is certain that the 
inexperienced analyst would fail to determine cyanogen if he 
should use potassium tartrate in place of the iodide.

H . L . W e l l s

Vinegar: Its M anufacture and Examination. B y  C. A.
M i t c h e l l . 201 p p . and 54 illustrations. Published by
C. Griffin &  Co., London, and by J. B. Lippincott Co., Phila
delphia. Price, $2.75.

The first third of this volume is devoted to the history of 
vinegar making, the second to the manufacture of vinegar, and 
the last to the methods of examination and characteristics 
of the various kinds of vinegar. So far as the book is concerned 
with modern practice, it  deals almost exclusively with the 
English practice which is based on an acetic fermentation 
taking place a t 105 to n o °  F., while the rest of Europe, and 
America, ordinarily use bacteria which have their maximum 
activity at about 900 F.

The reviewer wishes to take issue with the opinion (p. 1 1 7 )  
that the more rapid the vinegar formation the greater will be 
the clogging of the quick vinegar generator by "m other of 
vinegar.”

The relation of the amount o f oxygen available in the quick 
vinegar generator to the growth of the vinegar eel does not 
seem to be appreciated (p. 120) and the common method of get
ting rid of this pest by  completely shutting off the air supply 
for a few days is apparently unknown in the English vinegar 
factories.

The rapid destruction of the acetic bacteria by  the larvae 
of the vinegar fly seems to have been overlooked by the author, 
for it is stated (p. 128) that this fly "does not in any w ay affect 
the manufacture”  of vinegar.

Taken as a  whole the volume is one written by an Englishman 
for the English public and deals mostly with strictly English 
procedure. T he book is of little value to American readers 
and is not to be compared with the standard works on vinegar 
which are available in German and in English.

R a l p h  H. M cK e e

Modern Chemistry and Its Wonders. B y  G e o f f r e y  M a r t i n ,
Ph.D., D.Sc., London. x v i -)-351 pp. D . V an Nostrand Co.,
New York. Price, $2.00.

In the preface of Dr. M artin ’s latest book he states: "M y  
recently published book, ‘Triumphs and Wonders of Modern 
Chemistry,’ met with such an enthusiastic welcome by the 
chemical reading public. . . .th at when m y publishers
approached me with the request to write a companion volume 
to that work, treating of matters omitted for w ant of space in 
the first book, I gladly acceded to their proposal. The present 
book is the result. T he treatment is popular, technicalities 
being avoided as much as possible. However, in it I suppose 
the reader to be familiar with the ordinary conceptions of chem
istry, such as have already been explained in a popular manner 
in the first book. T he book is not intended for students wish
ing to study for one or other of the innumerable examinations

of our somewhat chaotic examination system. R ather it is in
tended to interest the cultured, general reader in some of the 
really wonderful achievements of scientific chemistry.”

The author has accomplished the above in this, his latest 
work. To the reviewer, a teacher of General Inorganic Chem
istry, the reading of the book was such a pleasure and an inspira
tion that it  was read from cover to cover. Such a variety of inter
esting facts of every-day chemistry was presented in a  manner 
and language that made one realize that the language of the 
chemist should not be foreign to the cultured layman. T o  a 
teacher the book is invaluable with its suggestions for present
ing in clear concise manner the fundamental facte and principles 
of every-day chemistry. This is especially true for beginners’ 
classes and popular lectures.

The average, dyed-in-the-wool chemist, or chemistry teacher 
is apt to undervalue books of this type (and we have too few of 
them ); these are the very books we need, both for the teachers, 
our students and more especially for the cultured public.

Text-books are for the most part incomprehensible to an 
intelligent reader without the teacher, the classroom, and the 
laboratory. Should a layman of average education have the mis
fortune to pick up the average chemistry text-book, even a book 
intended for beginners, he proceeds only a  few pages and closes 
it in disgust, concluding that chemistry is fit only for highbrows. 
The text-books have their place and we have a deluge of them, 
but we have too few of the popular type books.

The reviewer felt that the main worth of the book rested 
with its value to students of chemistry, and more especially 
the layman of average education. A  class of sixteen freshmen, 
who had just finished their first half-year of college chemistry, 
and had elected a sequence in honors chemistry, were assigned 
summer reading consisting of a  history of chemistry, Robert 
Kennedy Duncan’s books, “ The New Knowledge,”  and the 
"Chem istry of Commerce,”  and Geoffrey M artin ’s books. A t the 
opening of the fall term, the class was unanimous in that “ Modern 
Chemistry and Its Wonders” was the most instructive and inspir
ing of the list. W ith the layman in view, the book was placed 
in the hands of a friend who had never studied chemistry. The 
results were that the book was not only read, but was read on 
until the small hours of the morning. In a few days when he 
was asked how he liked the book, the reply came— "T h a t is the .  
first chemistry book I could understand and really enjoy.”

The topics are varied, and each chapter is in itself a short story 
not dependent on preceding chapters. The Romance of Coal 
Tar, the Romance of Salt, Artificial Precious Stones, The R o 
mance of Alcohol, of Explosives, of Hydrocarbons, are some 
of the live topics of every-day chemistry treated in a lucid manner. 
The author has even been bold enough to devote a chapter to 
Radium, and one to the M ystery of the Periodical System.

W hat the science of chemistry needs to-day is expansion in 
research. Research is expensive, and who carries the financial 
burden of research? The poorly endowed college or university? 
The chemist? T he chemistry teacher? The University does 
her share, the chemist and teacher are usually too poor. I t  is 
the well-to-do reading public, and you cannot make the public 
interested in research in chemistry unless you have some means 
of letting them know w hat chemistry is, w hat it  has accomplished 
for mankind, and an insight into its possibilities, if fostered by 
well endowed scientific colleges and schools or endowed private 
enterprises. L et us have more books of this type and m ay their 
circulation be enormous, with the end that they may replace to 
a considerable extent the trashy light stuff found too frequently 
in our public libraries and the libraries of the reading public.

The book has a neat appearance, the cuts and illustrations 
are well chosen and of good workmanship, and the volume is 
free from errors in chemical equations and chemical facts.

A r t h u r  C. N e is h
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LITERATURE.OFTHE NITROGEN INDUSTRIES, 1 91 2- 191 6
B y  H e c b n  R. H o s m u r ,  Research Laboratory, General Electric Company

INTRODUCTION

In the following general review of the literature of the Nitrogen 
Industries it is attempted to give in convenient form the essential 
statements of papers published during the last five years. The 
earlier literature is very general and often vague in nature, and 
is sufficiently well covered by a number of books. Moreover, 
it  is the recent material with its more specific treatm ent of 
technical and cost details which is now of particular interest 
in connection with the attem pts being made to establish an 
adequate domestic supply of nitrogen compounds for the United 
States.

T he purpose has been to present an outline giving the salient 
features of the subject, as stated by various authorities, together 
with a bibliography of such a kind th at the original articles 
need not be consulted in order to find which contain the par
ticular information desired. The aim has not been exhaustive
ness but rather the listing of references generally available in 
this country. I t  is believed, however, that the field is fairly 
well covered by these and that extension of the list would but 
lead to duplication, or to the inclusion of trivial articles.

The arrangement is inversely chronological except where 
entire consistency might have separated related items. The 
appendix contains material not properly a part of the subject 
but of possible use to those interested in the present-day prob
lem. In this latter no effort is made to cover the fields at all 
completely.

It  should be kept in mind that in all cases the statements 
made are those of the authors quoted. This accounts for some 
repetition and for contradictory data on some points. In cases 
where the material of different writers was obviously taken from 
the same authority this fact is noted and only one is quoted in 
detail.

In regard to the fact that the testimony given favors certain 
processes very m arkedly it must be remembered that certain 
industrial interests now prominent in this country have con
tributed disproportionately to the literature. It  m ay well 
be that some of the processes not praised a t all highly here, 
m ay yet prove to be cheaper and more efficient.

V ery recently information of a fragmentary nature seems, 
for instance, to indicate that the Germans have been placing 
their reliance upon the Haber process, which m ay well have been 
much improved and developed during the last two years. In 
all cases, the data given here should be taken for w hat they are 
worth and not as authoritative.

I— D ESCRIPTION AND CH EM ISTRY OF PROCESSES  
G E N E R A L *

W ashburn13 (1916) discusses in some detail the factors having 
bearing upon the problem before the United States of estab
lishing a domestic supply of nitrates adequate to w ar demands. 
H e analyzes the various proposals made. G ilbert14 gives similar 
data in a condensed form.

N orton17 (1916) discusses the various water powers in the 
United States which are available and adaptable to the nitro
gen fixation industry. He favors the establishment of three 
plants to supply the needs of the sections of the country having 
the largest demands. He also mentions the possibility of getting
7,400,000 horse power during 14 hours of the day from complete 
harnessing of Niagara Falls. The details of this plan are given 
by Dunn40 (1915): see also References 15 and 127.

M errill18 (1916) gives similar data for Western water powers.
Skerrett53 (1916) gives a very general and brief treatment of 

the nitrogen situation, mentioning the importance of its con
sideration in connection with preparedness, and outlining very 

* Numbers refer to References in Bibliography, pages 437 and 438 .

briefly the arc and cyanamide processes. He quotes from 
Norton, and most of his other data are to be found in W ash
burn’s articles and statements.

Cushman26 (1916), in an article entitled “ Rôle of Chemistry 
in W ar,”  has discussed, among other things, the status of our 
nitrogen supply and the methods available for remedying this 
situation. His data on this point are taken from Summers52 
(1915), and Baekeland58 (1914).

Cresap38 (1915) gives in very general terms the compositions 
and characteristics of some 15 of the more common military 
explosives. I t  is to be noted that nitric acid is required for the 
preparation of all.

Baekeland58 (1914) gives a brief history of the nitrogen indus
tries and their present status, explaining the cause of failure 
of the Bradley and Lovejoy process. He mentions that a French 
Company has taken up the application of the Serpek process.

Merrill48 (1915) gives full statistics of the water power re
sources and electric power development and control in thé United 
States. The conclusions of his report are, however, severely 
criticized in Reference 31 (1916).

M artin and Barbour1 (1916) in their book on "Industrial 
Nitrogen Compounds and Explosives”  present a general review 
of the whole subject with references. T hey describe the most 
important processes and give diagrams and photographs of the 

.apparatus. T hey also discuss the more general aspects of the 
subject and include statistics and many patents.

Rocher1*3 (1910) gives a good general review of the nature of the 
various processes for nitrogen fixation, and their present status.

Summers62 (1915) discusses in detail the physical chemistry 
and thermodynamics of the endothermie reaction between 
nitrogen and oxygen, giving the results obtained by Nem st 
from investigation of the equilibrium at temperatures between 
1500 and 3500° C., by  Nernst and Jellinek on rate of dissociation 
of N O  a t various temperatures and by Haber and Koenig working 
a t reduced pressures. He computes that owing to the extreme 
dilution of the product there is a  loss of some 95 per cent of the 
energy employed. He also mentions briefly the physico-chemical 
factors involved in the Cyanamide and Serpek processes.

The only arc processes in actual operation according to 
Landis“  (1915) are the Birkeland-Eyde, the Schonherr, and 
the Pauling, all of which give as a product a gaseous mixture 
containing from 1 per cent to 2 per cent b y  volume of nitric 
oxide, from which the present well standardized condensation 
plants recover nearly 95 per cent in the form of 30 to 35 per cent 
nitric acid. This can be concentrated to 50 per cent by  utilizing 
the waste heat of the process, but must then be further concen
trated by special processes, or else converted into calcium or 
ammonium nitrate, before it is available for commercial pur
poses. The ammonia for such conversion is obtained in most 
cases from cyanamide.

These arc processes require enormous quantities of cheap 
electrical energy46 (1915).

F or a  detailed discussion of the reactions involved and the 
thermodynamics of the case, Knox67 (1914) should be consulted. 
He gives a full and critical review of the literature down to 
1913, devoting over 86 pages to the chemistry of the processes, 
with references to the original articles.

Knox also describes the commercial processes and furnaces, 
taking up the Birkeland-Eyde, Pauling, Schonherr, Haber, 
Serpek, Cyanamide, and some other less important ones. The 
book is an extremely good résumé of the subject but lacks 
entirely yields, cost data, and technical details.

Haber64 (1914) mentions the thermodynamical conditions 
limiting the yields of the arc and synthetic ammonia processes
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for fixing nitrogen. He believes that each process has its own 
field in which it m ay be successfully operated.

In his book, Perlick65 investigates the general economic bear
ing of the nitrogen fixation industry and its relation to other 
industries and to agriculture, especially from the point of view 
of Germany’s producing the nitrogen compounds necessary for 
her own consumption. The contributions to be expected from 
each of the processes available are discussed. From a considera
tion of costs he concludes that the demands of the chemical 
industries can be satisfied either by the arc process or by the 
Ostwald process of ammonia oxidation. The problem of sup
plying the needs of agriculture without increasing the cost is 
still unsolved. The Haber and Serpek processes seem to offer 
the most promise for this purpose. Statistics of consumption 
and production of various nitrogen sources are given.

The chemistry and reactions involved in the oxidation of 
nitrogen and the absorption of the acid formed are discussed 
by Scott127 (1912) who gives the equations. He also discusses 
the theories for the process of oxidation, mentioning particularly 
the probability that ozone is an intermediate product and very 
essential to the course of the reaction.

Norton’s123 (1912) book like Knox’s is a resume of the nitrogen 
situation, including material collected from the literature, patents 
and personal observation. It  is extremely full and comprehensive, 
and supplements Knox’s book just where the latter is lacking, 
1. e., on the technical and commercial side. The development 
of the industry and the various plants are given special attention. 
Methods of producing the materials required by the various 
processes are considered in their bearing upon an American 
industry. The properties and applications of the products 
are taken up. The organization of the European industry is 
described.

The chemistry of the processes and the possibilities for im
provement are mentioned. He discusses the probable future 
of the industry particularly with regard to the effect of the cost 
of power and price of Chilean nitrate.

Norton also takes up the thermodynamics of the various 
processes. He describes also the less well-known patented pro
cesses and furnaces such as those of Guye, Von Kowalski and 
Moscicki, Thorsen and Tharaldsen, and Albihn. In fact he 
pays especial attention to  patents. He includes non-electrical 
processes such as that of Hausser.

The uses of the various products, the syntheses of related 
products such as cyanides, statistics of the world's supply and 
consumption of nitrogen compounds, recovery of waste nitrogen 
products are all reviewed.

Norton’s book is, in fact, the most complete treatise on the 
subject that has been published. Relatively few references to 
the literature are given, though many patents are reviewed.

O X ID A T IO N  P R O C E S S E S  

A R C  P R O C E S S E S

Summers62 (1915) describes with diagrams the comparative 
operation of the three commercial types of furnace for direct 
combination of the oxygen and nitrogen of the air: the Hausser, 
and the Birkeland-Eyde, Schonherr, and Pauling. The three 
last, which are arc processes, take alternating-current at voltages 
of from 4000 to 5500 between the electrodes.

The Birkeland-Eyde furnace, which has had the most ex
tensive application, employs a series of semicircular arcs rapidly 
expanded by means of a powerful direct-current magnet against 
the incoming air. The products are withdrawn at a tempera
ture of about 1250° C. and contain about 2 per cent of NO. 
The recent furnaces have a 3000 kw. capacity and give a yield 
of 580 to 600 kg. of nitric acid per kw. yr. or 65 to 70 g. per 
kw. hr.

Scott11 (1915) states that some furnaces take over 4000 horse 
power. A t Notodden there are 32 furnaces using from 600 
to 1000 kw. each and at Saaheim 8 of 3500 kw. each.

The Schonherr furnace uses a quietly burning arc some 23 
feet long, around which the air circulates with a vortex motion. 
The gases pass over a water-cooler, and are withdrawn a t about 
850° C. after having given up a further part of their heat to the 
incoming air. The N O  concentration is about 2.25 per cent. 
The largest furnaces have 800 kw. capacity, and yield 550 to 
575 kg. of nitric acid per kw. yr. or 65 g. per kw. hr.

Scott51 (1915) states that the Christianssand works have 
twelve 456 kw. furnaces of this type, and the Saaheim ninety-six 
1000 kw. furnaces.

The Pauling furnace makes use of a series of rapidly succeeding 
arcs, driven upward by the blast of incoming air, and broken 
by the diverging horns of the electrodes. T he effect is an arc 
flame 30 in. high in intimate contact with rapidly moving air. 
The yield of NO is from 1.25 to 1.5 per cent in the 400 kw. fur
nace, with yields of from 525 to 540 kg. per kw. yr. or 60 g. per 
kw. hr.

Scott51 (1915) says that this furnace is employed in factories 
at Gelsenkirchen, Innsbruck, Milan, Roche-de-Rame, and in 
South Carolina. The last plant is stated to be merely experi
mental.

Scott51 (1915) describes the Birkeland-Eyde, Schonherr- 
Hcssberger, and Pauling furnaces and operation in considerably 
greater detail than Summers, and gives a comparison of their 
disadvantages.

Scott127 (1912) gives the temperatures of the flames and es
caping gases respectively as 3500 and 800-1000° C. for the 
Birkeland-Eyde furnace, 3000 and 1200° for the Schonherr,
and ------- and 1000° for the Pauling. The current supplies
required for each furnace are as follows:

Bi/keland-Eydc— Direct-current for magnetic field of 4500 lines of force 
per sq. cm.

— Alternating-current 5000 volts, 50 periods, . 600-  
3000 kw.

Schtitiherr — Alternating-current 4200 volts, 50 periods, 600
H .P .-1000 kw.

Pauling — Single-phase alternating-current 4000-6000  volts, 50
periods, 400 kw.-lOOO H.P.

Eyde117 (1912) gives similar values for his furnace which he 
states is the only type used at Notodden. Both Birkeland-Eyde 
and Schonherr systems are used at Rjukan. He also gives cuts, 
diagrams, and photographs of plants and discusses power de
velopments. Scott’s (1912) article and this are very similar in 
context.

Scott127 (1912) gives the most detail concerning the construc
tion of the furnaces, conditions of operation, layout of plants, 
yields, etc., for the arc and cyanamide process with photo
graphs from the plants. He also describes the absorption 
methods. He states that the power-factor for nitrogen fixation 
processes is about 0.6.

He also discusses the relative advantages of the three arc 
processes, and describes the electrical equipment with its guaran
tees, used by the Birkeland-Eyde plant a t Rjukanfos. This 
last is described in considerable detail.

Scott also51 (1915) describes the Kilbum -Scott arc furnace 
and process for oxidizing nitrogen. The apparatus employs 
a three-phase current giving, under the blast of air, an inverted 
cone of flame. A ir enriched with oxygen is to be used cyclically, 
whereby it is expected to increase the yield of N O  20 per cent. 
Direct absorption in water is claimed to give a 50 per cent nitric 
acid.

The process does not appear to have been applied commercially 
as yet. Operating factors and their effect upon yields are men
tioned but no data given.

The design of a commercial furnace, similar to the experi
mental one, is given for which the advantages of simplicity, 
conservation of heat, low first and maintenance costs, etc., 
are claimed.

Patents of methods for the fixation of atmospheric nitrogen 
by arc processes issued in recent years are reviewed in Refer
ence 54 (1915)-
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L am y141 (1911) gives a  general review of the cyanamide 
and arc processes for nitrogen fixation. His description of the 
Birkeland-Eyde, Schonherr, and Pauling processes, illustrated 
with diagrams, is very good.

Auzies111 (1912) discusses the theory of nitrogen oxidation 
and gives tables showing the relation between temperature and 
yield. T he catalysis of the reaction by oxides of cobalt, mag
nesium, chromium, nickel, platinum, palladium, barium, lead, 
cerium, and thorium has been effected. Cerium works best. 
W ork has also been done on the catalysis of the reaction be
tween nitrogen and hydrogen.

Tausent131 (1912) shows the advantage of vertical arcs over 
horizontal, both in stability and yield of nitric acid.

Ehrlich and Russ135 (1911) conclude from experiments on 
mixtures of nitrogen and oxygen that ozone is an important 
factor in the oxidation of nitrogen. T hey give the variation 
of per cent of nitric oxide formed, with the oxygen in the original 
mixture.

Vanderpol146 (1911) gives a  detailed description with diagrams 
for the Pauling process and absorption towers at La-Roche-de 
Rame, Hautes-Alpes, France.

Haber, Koenig, Platou and Holwech147 (1910) have studied 
the effect of high voltage, high frequency alternating-current, 
cooled direct-current arcs, and pressure upon the oxidation 
of nitrogen and give their experimental data in considerable 
detail.

Holwech143 (1910) has studied the formation of nitric oxide 
in the short direct-current arc at various temperatures with a 
cooled anode. He obtained the best results with the shortest 
arc and the highest field strengths compatible with the proper 
temperature, getting yields as high as 80 g. of nitric acid per 
kw. hr. at a maximum concentration of 9 per cent of NO.

Wolokitin161 (1910) has studied the formation of nitrogen 
oxides in the flame of hydrogen and discusses the thermody
namics of the reaction.

Zenneck162 (1910) gives a general discussion of the various 
methods for oxidizing nitrogen in the arc.

Koenig44 (1915) discusses rather fully the subject of active 
nitrogen and its relation to nitrogen fixation. He reviews the 
literature and gives the results of work of his own upon the 
activation of nitrogen, oxygen, and hydrogen.

Hene66 (1914) got a higher yield from sparking oxygen before 
mixing it with nitrogen than from sparking the nitrogen. He 
concludes that ozone is formed.

The reaction of active hydrogen and oxygen has been studied 
b y Koenig and E lod '8 (1914) and the conclusion reached that 
the electric discharge must also produce an active form of oxygen.

Low ry70 (1914) finds spectroscopically that when active 
nitrogen and ozonized air are mixed, nitric oxide is produced, 
and suggests that the fact may throw light upon the molccular 
condition necessary for the oxidation of nitrogen.

Koenig91 (1913) criticizes the conclusion of Fischer and Hene118 
(1912) thilt the electrical discharge activates the oxygen and 
not the nitrogen.

Fischer and Hene113 (1913) conclude from a study of the effect 
of subjecting nitrogen and air separately to the action of elec
tric discharges, that the oxidation of nitrogen in the arc flame is 
dependent upon the dissociation or activation of the oxygen 
and not of the nitrogen. In Reference 87 (1913) they reply to 
Koenig91 (1913) and give their experimental data in detail.

Low ry151 (1912) got increased yields of nitrogen peroxide 
from mixing air which had been subjected to the action of a 
series of spark gaps, with ozone.

Russ120 (1912) discusses the evidence of various investigators 
that the reaction is not purely thermic but m ay involve elec
tronic factors and points out that the formation of active nitrogen 
m ight be harmful.

Strutt129 (1912) states that active nitrogen is not oxidized by

oxygen but that the latter probably acts as a catalyzer to de
stroy the active modification.

Strutt143 (1911) has studied the flame arising from the nitrogen- 
burning arc and concluded that it, like the afterglow phenomena 
in vacuum tubes containing air, is due to the oxidation of oxides 
of nitrogen by ozone.

D ary39 (1915) states that Nodon has been able to obtain 
nitric acid very economically by electrolyzing peat under 10 
volts. Peat contains 2 per cent by weight of nitrogen, which is 
converted into nitric acid by the combined action of nitrogen 
bacteria, the oxygen of the air, water, and lieat from the elec
tric current. The yield of nitric acid per ampere hour is 1 g., 
or 432 kg. in 24 hours per ha consumes 180 kw. hr. The yield 
per year on 150 ha is 100,000 tons of nitrate.

H A U S S E R  P R O C E S S

The Hausser process62 (1915), of'w hich a single commercial 
installation has been made in Germany, employs coke oven 
gases mixed with air under pressure in an explosion bomb, 
fired by a high tension spark. The products are cooled a t once 
by  a high pressure spray of water. T he temperature attained 
is 2100° A. and the concentration of NO, 0.5 per cent. The 
rrfaximum yield is 99 g. of nitric acid per cu. m. of gas equal to
6.2 lbs. per 1000 ft.

Dobbelstein116 (1912) has experimented with the Hausser 
process using coke oven gas in a bomb of 100 liters capacity. 
Diagrams of the plant are given as well as curves showing the 
relation of yield to pressure, temperature of gas, and per cent 
of oxygen. The advantages and costs are compared with other 
processes.
. Hausser119 (1912) gives a  detailed account of investigations 
upon nitrogen fixation by the explosion of gas mixtures and the 
influence of the various factors of pressure, etc. Increase in 
size of bomb gave larger yields.

A B S O R P T IO N

The N O  mixtures62 (1915) produced by all these processes 
are cooled, passed into a gas holder, where time is allowed for 
the reaction

2NO +  Oj =  2NO2 
and are then sent to counter absorption towers, where they re
act with water, according to the equation

2NO2 +  H20  =  HNOj +  HNO2.

The nitrous acid is oxidized b y  the excess oxygen. An acid of 
30 to 50 per cent concentration is thus obtained. T he residual 
gases are circulated through towers containing weak alkaline 
solutions yielding nitrite-nitrate salts. A bout 2 or 3 per cent 
of the original N O  gas is discharged with the waste gases.

Scott61 (1915) discusses his absorption system and compares 
its operation and the concentration and nature of the products 
with those of the ordinary systems.

Briner and Durand116 (1912) have studied the equilibria 
of nitrous and nitric acids formed when oxides of nitrogen are 
absorbed in water and conclude that increase in the pressure of NO 
and lowering the temperature favor the formation of nitrous acid.

Lewis and Edgar142 (1911) have also studied the equilibrium 
between nitrous and nitric acids in aqueous solution and get 
as the value for the dissociation constant for 

<HNO,). . t
(H) (NO,)

R E D U C T IO N  P R O C E S S E S

H A B E R  P R O C E S S  (S Y N T H E T IC  A M M O N IA )

The Haber process depends upon the direct combination of 
nitrogen and hydrogen at temperatures of about 500° C. under 
the influence of uranium as a catalyzer, and is carried out under 
pressures of 200 atmospheres. The 8 per cent of ammonia 
formed is condensed out by  cooling the mixture. The power 
expenditure is about 1.5 kw. hr. per kg. of nitrogen, the lowest
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of any of the fixation processes. The preparation of the nitrogen 
and hydrogen, and the compression required, increase the costs 
very considerably52 (1915).

Haber42 (1915) and his co-workers have made extended 
investigations of the heat of formation of ammonia a t tempera
tures from 659° C. to 466, and at ordinary temperatures, and 
have determined its specific heat.

They41’43 (1915) have also determined the equilibria at va 
rious temperatures, at ordinary pressures, and at 30 atmospheres.

Landis40 (1915) doubts whether even the Badische Company, 
with its supply of waste sulfuric acid and hydrogen, is able to 
supply ammonium sulfate at a  profit in normal times. The 
process, while not requiring very much electric power, does de
mand a great deal of skilled labor, and so probably has no future 
in the United States, in competition with the cyanamide processs, 
which provides the same end product, ammonia.

Crossley51 (1914) gives a brief outline of Haber’s synthetic 
ammonia process.

Haber53 (1914) discusses in detail the history of the develop
ment and thermodynamics of the process for the production of 
synthetic ammonia.

Reference 89 (1913) gives the report of Haber and Le Rossignol, 
presented to the Badische Anilin- und Soda-Fabrik in 1909, 
which led that company to take up the large scale development 
of the process for synthetic ammonia. The thermodynamics 
of the reversible reaction between hydrogen and nitrogen are 
discussed and the reasons for working the process between 500 
and 7000 C. and under 200 atmospheres pressure are explained.

Bernthsen112 (1912) gives a detailed but general review of 
the history of the development of the process for making synthetic 
ammonia. He mentions the various catalyzers tried, their 
adaptability and the effect of poisons and "promoters.”

Billiter113 (1912) finds that the rapid exhaustion of cerium 
hydride and nitride, which are quite active catalysts a t 200- 
300 0 C., is due to gradual oxidation.

Serpek73 (1914) discusses the general problem of inorganic 
ammonia synthesis taking up the chemistry of each of the several 
processes known. H e quotes his material mainly from patents.

C Y A N A M ID E  P R O C E S S

The fixation of nitrogen by the cyanamide process depends 
upon reactions that are generally expressed by the equation 

C aC , +  N 2 =i CaCN* +  C  
which is not only reversible, but so complicated that its equi
librium constants have not yet been established. Landis46 
(1915) points out a few of the difficulties and special problems 
to be met and solved in preparing satisfactory grades of carbide 
and nitrogen, and then combining them on a commercial scale.

Summers52 (1915) discusses the thermodynamics of the re
actions involved in making calcium cyanamide from the ele
ments, giving figures to show that the yield per unit of electrical 
energy is 4 to 5 times that of the direct oxidation methods, but 
this advantage is partly offset in practice by  other costs, such as 
that of the preparation of nitrogen.

A  history of the development of the cyanamide industry in 
America, with descriptions of operations, and illustrations of 
the apparatus and buildings of the American Cyanamide Com
pany is given in the E n gineering  New s55 (1915). The output 
of the various factories of the world is given. (See C y a n a m i d e  

P r o c e s s , p. 431.)
Landis47 (1915) also describes the various subsidiary installa

tions, such as the calcium carbide, lime, and coal gas plants, 
necessary to the operation of a cyanamide plant. Photographs 
are given, and capacities stated.

Reference 80 (1914) describes in great detail the electrical equip
ment and water pow'er development employed in making cal
cium carbide and cyanamide in Norw ay and Sweden, under the 
control of the Nitrogen Products and Carbide Co., Ltd., which 
also owns plants in Belgium for making ammonium nitrate by

the Ostwald process. The history of the development of the 
business is also outlined.

Reference 82 (1914) is a short general article describing with 
photographs the coal-gas and lime plants of the American 
Cyanamide Company’s works at Niagara Falls.

Pranke#s (1913) gives a brief history of the development of 
the process and its chemistry, and mentions the uses of the 
material.

Pranke’s book5’  (1913) discusses very fully the history and 
chemistry of cyanamide, its preparation, conversion products 
and uses, and their reactions, and its action in the soil. Reports 
of tests and analyses are also given. Over two-thirds of the 
book is devoted to its agricultural value and properties. E x
tremely little manufacturing or cost data is given.

Foerster and Jacoby146 (1907) have studied the reaction be
tween calcium carbide and nitrogen w ith especial attention to 
the lowering of the temperature required, produced by the ad
mixture of calcium chloride or fluoride.

A M M O N IA  FR O M  C Y A N A M ID E

Calcium cyanamide25 (1906) is readily and almost quanti
tatively (98-99 per cent) converted into ammonia by  treatment 
with steam, in accordance with the reaction

• C aC N 2 +  H20  =  CaCO j +  2NH3.

This reaction is exothermic, evolving from 200 to 300 lb. cals. 
of heat per pound of ammonia, and to realize the advantage of 
this fact the commercial process (U. S. Patent 1,149,633, Aug. 
10, 1915) is carried out in autoclaves. Lime nitrogen is fed 
slowly and with constant agitation into water, or mother liquor 
from a previous run, with ventilation to carry off the acetylene 
evolved from unconverted carbide, soda and lime added, the 
autoclave closed, and steam admitted up to a pressure of 3 or 
4 atmospheres, at which temperature the reaction starts at a 
fair rate, generating ammonia and steam so rapidly as to necessi
tate relief of pressure by special valves. Even then the pressure 
generally reaches 12-15 atm. in 20 minutes, then falling off 
again. The steaming operation is repeated once or twice more 
to expel the ammonia from the solution, which is then filtered 
from the mud, the latter going to the dump.

The course of the reaction is illustrated b y  curves, showing 
the variation of pressure, rate of discharge, and percentage of 
ammonia in the ammonia-steam mixture, with time for quantities 
of from 7000-8000 lbs. of lime-nitrogen. Less than 0.2 per cent 
of ammonia remains in the sludge.

The mixture of ammonia and steam m ay either be absorbed 
directly, producing a high-grade ammonium sulfate, or passed 
through a simple rectifying column, giving an ammonia gas 
which is stated to be so pure that it can even be oxidized directly 
with no trouble from poisoning of the catalyzers.

Reference106 (1913) gives a brief description of the method 
for obtaining ammonia by treating cyanamide with steam and 
states that ammonia of 99.8 per cent purity is thus obtained. 
Figures are given showing the completeness of decomposition.

Landis25 (1916) considers it certain that the process for the 
preparation of ammonia by  treating cyanamide with steam is 
already in successful operation in Norway, France, Switzerland, 
Italy, and Japan, and was installed in Belgium, before the war. 
The bulk of the product is used, in the form of ammonium 
sulfate, by the chemical and fertilizer industries. Norway 
produces large quantities for absorption of nitric acid from its 
Birkeland-Eyde plants. Germany is making enormous quan
tities for oxidation to nitric acid.

The American Cyanamide Company has had a small plant in 
successful operation in the United States, for six months, and is 
producing several tons per day of pure ammonia gas.

S E R P E K  P R O C E S S

The Serpek process is typical of the methods depending upon 
the formation of a nitride from which ammonia m ay be obtained
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by treatment with steam. The reaction which it  involves is 
represented by the equation

AI2O3 +  3C  +  N , =  2A IN  +  3CO 
and is carried out a t a temperature of from 1800 to 1900° C. 
in a revolving barrel type of electric resistance furnace which 
affords the constant agitation necessary. Bauxite and coal 
from a producer type of furnace are fed into this and the product 
is discharged as aluminum nitride containing from 26 to 34 
per cent of nitrogen.

Summers“  (1915) calculates that under the most favorable 
conditions 9 to 10 kw. hrs. of electrical energy will be required 
per kg. of-nitrogen, besides the heat from the coal and producer 
gas. T he cyanamide process requires about 16.2 kw. hr. per 
kg. of nitrogen, or if all energy be supplied by  the electrical 
current, the two processes will have practically the same power 
consumption. The Serpek process is hampered by the necessity 
for disposing of the by-product alumina.

Reference72 (1914) discusses the nitride reactions and the chem
istry of the Serpek process mentioning the catalytic effect of 
hydrogen and iron.

Reference81 (1914) gives briefly the history of the reactions 
fixing nitrogen by the formation of metallic nitrides. Of these, 
the only one to find commercial application is that involving 
the production of. by-product alumina which has been developed 
by Serpek.

The starting point is impure oxide, or bauxite, which is mixed 
with carbon and heated in the presence of nitrogen. Combina
tion occurs a t about 1550° C. without any carbide formation, 
and is hastened by the presence of certain catalyzing reagents 
such as iron, silica, titanium oxide, nickel, and manganese, of 
which the first is most effective. The reaction temperature is 
further lowered by the presence of hydrogen, and aluminum 
nitride m ay thus be prepared at from 1250 to 1300° C. provided 
a large excess of nitrogen be used. A t higher temperatures this 
is unnecessary, and the rate of the reaction is much increased. 
A t  1900° the alumina is completely converted into nitride in 
5 minutes, and recently Serpek has reduced the time to a frac
tion of a second b y  suitable control of the reaction mixture and 
of the nitrogen supply.

The nitride is easily decomposed into aluminum hydrate 
and ammonia b y  heating under several atmospheres pressure 
for 3 or 4 hours. Pure alumina m ay be produced as a by-prod
uct. The yield is 2 tons of alumina and 500 kg. of fixed nitro
gen per kw. yr.

The process is in operation only in an experimental installation 
a t Saint Jean de Manrieme in Savoy, though other plants are under 
construction a t Arendal, in Norway, and in the United States.

Fraenkel88 (1913) has investigated the progress of the reac
tion for the formation of aluminum nitride from alumina, car
bon, and nitrogen, which he finds begins under suitable con
ditions a t 1400° C. He has determined the effect of various 
factors upon the velocity.

Richards100 (1913) gives the history of the reactions involved 
in the Serpek process, and outlines the process as patented.

Ross101 (1913) has carried out some preliminary experiments 
upon the fixation of nitrogen b y  the alumina in feldspar, as a  
by-product in the preparation of potash. Larger percentages of 
nitrogen were fixed than corresponded to the aluminum present.

Russ1“  (1913) has been able to demonstrate the exothermic 
formation of aluminum nitride from the elements.

Tucker105 (1913) has studied the chemistry of this process 
and concludes that it is of commercial interest only where the 
by-product of pure alumina m ay find use in the aluminum in
dustry. He compares the advantages and disadvantages of 
this and the cyanamide process for ammonia.

Reference 107 (1913) gives an abstract of the patent (U. S. 
1,040,439) discussing the chemistry of the Serpek method for 
decomposing aluminum nitride by  means of alkaline aluminates.

Tucker and Read132 (1912) have studied the reaction between 
nitrogen, alumina, and carbon, and state the necessary conditions 
for a good yield.

Stáhler and Elbert103 (1913) have studied the reaction for the 
formation of boron nitride b y  heating boron oxide or boro- 
calcite w ith carbon in the presence of nitrogen at various pres
sures. From the mixture containing oxide a yield of more than 
85 per cent of B N  was obtained under increased pressure at 
temperatures between 1500 and 1700o C. Using instead of 
oxide, borocalcite (CaBiO j), a nearly theoretical yield was ob
tained between 1400 and 1800° C. without effect from pressure.

O X ID A T IO N  O F A M M O N IA  (O ST W A L D  P R O C E S S E S )

Zeisberg4 (1916) reviews the history of the process and de
velopment of the industry for the catalytic oxidation of am
monia to nitric acid with estimates of costs for American con
ditions. (See p. 433.) He reviews recent patents and other 
literature. He states that a  successful plant in Westphalia 
built in 1909 had an annual production of 2400 tons of 53 per 
cent nitric acid. From Jan. 1911 to Aug. 1912, the efficiency 
was 89.6 per cent on a monthly production of 130 tons of am
monium nitrate. The efficiency of conversion was 83 per cent 
and of absorption 97 per cent. This plant operates on coal- 
tar ammonia. I t  is stated that this product has never appeared 
in the market. In 1912 and 1913, 8 per cent dividends were 
paid to stockholders. In 1910 the process was purchased by a 
London company capitalized at £2,000,000 and a new plant was 
erected in Belgium.

I t  is stated that the diagrams of the converter given by 
Schüphaus29 (1916) are the only ones ever published. It  is 
not possible to ascertain actual dimensions used. A  few other 
details of the probable methods of operation of the process are 
mentioned.

According to Schüphaus29 (1916) the nitric acid needed for 
the manufacture of sulfuric acid b y  the chamber process was 
supplied in Germany, after cutting off of other sources at the 
beginning of the war, by  oxidation of ammonia from ammonia 
water. He describes the process and the apparatus which is 
manufactured and sold by  the Berlin-Anhaltischen Mascliinen- 
bau-Aktiengesellschaft in Berlin.

T he ammonia gas is liberated by treating a  spray of its 3 
per cent solution, mixed with milk of lime, with steam. The gas 
is passed through coolers to condense the water-vapor and then 
through caustic soda scrubbers to a gas holder.

T he ammonia gas is thoroughly mixed with air and passed 
over very fine meshed platinum gauze heated by electric current 
(24 to 26 v., 120-125 amp.) to about 700°, where almost quanti
tative reaction forming nitrogen oxides and water occurs. The 
oxides then go to the lead chambers.

The apparatus is illustrated by cuts and a photograph, showing 
the arrangement of the parts of the system. Details of con
struction are given, but no exact dimensions nor capacities.

Reference 106 (1916) mentions that this process has been in 
successful commercial operation for some time in Belgium and 
probably has a great future.

The process for the oxidation of ammonia gas to nitric acid 
(generally known as the Ostwald process) is described in detail 
in Reference 109 (1913) with the history of its development. Cuts 
show the arrangement of a plant capable of converting 25 tons 
of ammonia per month into about 150 tons of 36° Be. commercial 
nitric acid. The reaction

N H , +  4O -  H N O j +  11,0 
is brought about by passing the mixture of gases over spongy 
platinum, platinum, or platinum black as a catalyzer at a 
temperature of about 3000 C. a t a velocity of 1 to 5 meters per 
second. T he time of contact between gas and catalyzer should 
not exceed V100 of a  second, or decomposition of the product into 
nitrogen and w ater will cut down the yield very seriously. Under
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properly adjusted conditions the yield is very nearly the theo
retical.

The condensation plant is also described in detail, and costs 
are estimated. See Reference 109 (1913).

The successful development110 (1913) of the process using 
platinum for a catalyst is mentioned with outline of its develop
ment at Odda and other places in Norway, Iceland and England.

Meneghini94 (1913) has investigated the oxidation of am
monia by  various oxides as catalysts. His efficiency was highest 
with increased rate of gas flow and with those oxides that were 
effective only a t the higher temperatures, exceeding 95 per 
cent for burnt pyrites, chromic oxide, and oxides of rare earths. 
Values are given for various temperatures.

Kochman120 (1912) mentions the oxidation of ammonia by 
metallic contact agents a t relatively low temperatures as a prac
tical problem and gives a  description and drawing of a  furnace.

Meneghini122 (1912) had previously studied the catalytic ac
tion of electrically heated platinum and found that no reaction 
occurred below 3500 C. Rapid action occurs between 400 and 
45 o° C. The principal product was nitrous acid.

Reinders and Cats125 (1912) also studied the conditions for 
this catalysis using platinum, ferric oxide, platinized copper, 
thoria. W ith the first two 80-90 per cent of the ammonia was 
oxidized to nitric acid and nitrogen trioxide. The velocity of 
the gas current is very important, there being an optimum for 
each catalyzer. The best temperature found for platinum was 
500° C. and for ferric oxide 650-700° C.

II—-PRODUCTION
G E N E R A L

Kubierschky69 (1914) gives the average yearly increase in 
production of fertilizer materials during the past few years. 
The figures for several items are as follows:

Av. Annual 
Y ears Increase  P er C ent

C yanam ide......................................... 1907-12 212.0
N orw ay s a ltp e te r .......................  1903-11 170.0
Am m onium  su lfa te .........................  1901-11 10.5
Chile sa ltp e te r ..................................  1901-11 6 .8

The world’s production in 1913 is given by Reference 83 (1914) 
as follows:

M etric  Tons
A m m onium  su lfa te   ..................................... 1 ,365,000
C h ile sa ltp e te r...............    2 ,740 ,000
Lime n itro g en   .........................................  80,000
Norw egian n itra te , C a(N 03)a..............................  30 ,000

C H IL E  S A L T P E T E R

Summers62 (1915) gives the present annual output of Chile 
nitrate as 2,500,000 tons, of which the United States takes from
600.000 to 700,000 tons. The government tax has netted Chile 
about $500,000,000 in the last 30 years.

Reference 96 (1913) gives the yearly production from 1902 to 
1912.

Bemthsen112 (1912) gives figures for the exports, price, and 
value of Chile nitrate for each year from 1900 to 1912, and for 
the world production, etc., of ammonium sulfate for certain 
years, during the same period.

Scott127 (1912) gives the annual exportations of nitrate from 
Chile at intervals during the years 1830 to 1911, in which time 
it has increased from 935 tons (long?) to 2,420,400 tons.

A M M O N IU M  S U L F A T E

Turrentine6 (1916) advocates reliance by  the United States 
upon the coke-oven by-product for both the war time and agri
cultural consumption of nitrogen products, and gives statistics 
of the present and probable future production. He states that 
the 68 per cent wasted in 1914 equals 350,000 tons of ammonia 
from which 300,000 tons of 100 per cent nitric acid might be made. 
He also estimates that from the surplus coal gas now wasted
800.000 continuous horse power could be generated with which
1.400.000 tons of ammonium sulfate could be produced by nitro
gen fixation processes in time of emergency. He mentions special

measures that should be taken which would further increase 
this production.

In a later Reference (5) he discusses the matter in much greater 
detail, giving statistics of the past development of the coke- 
oven by-product industry and estimates of its future. H e gives 
the production o f ammonium sulfate in the United States for 
each year from 1900-17 and both the probable and possible 
increase by 1920. He states that a t the present (1916) rate of 
increase the total production from coke-ovens alone will be
800,000 tons of ammonium sulfate. In  time of emergency he 
would withdraw all of the supply going into fertilizers. From 
the output at the rate normal on April 1, 1916, nitric acid could 
be made by the Ostwald process equivalent to 271,000 tons of 
sodium nitrate (the importation of sodium nitrate during 1915 
was 577,000 tons) which would more than supply the needs for 
explosives, in times of peace. His conclusion is that such a 
supply of nitrogen compounds is adequate for the United States 
for both times of peace and of war.

Lym n also27 gives curves showing the consumption and pro
duction of ammonium sulfate in the United States between 1900 
and 1913, together with imports and word production.

Reference 11 (1916), a pamphlet issued by the by-products 
interests, gives data on the rate of production, and arguments 
intended to show' that the ammonium sulfate produced is suffi
cient to insure a supply of nitric acid in time of war. The objec
tions to depending upon such a supply are not mentioned, far 
less answered. The pamphlet objects to government manu
facture of nitrates on the ground that it will lower the price of 
sulfate and discourage the by-product industry.

Porter2 gives almost the same data and conclusions as Turren
tine0 and continues with arguments against recent legislation 
for the government’s establishing a plant for nitrogen fixation. 
He gives a list of the by-product coke plants in the United States 
in September, 1916. In connection with Porter’s statement that 
a t the outbreak of the war, Germany had almost reached the 
limit in the production of by-product ammonia, it is of interest 
to note that Reference 7 says that at that time only V i of her coal 
was coked. The coking industry has been much extended since 
but yet it has been found necessary to make ammonia by  the 
Haber process in quantities placed at 300,000 tons per year. 
In other words, the proposal made b y  Turrentine6 that the United 
States Government should meet an emergency by  going into the 
coke business does not seem to have been economical there.

Washburn13 (1916) discusses the availability of by-product 
coke oven ammonia as a source of nitric acid in time of war, 
and points out that its extreme variability, depending upon the 
fluctuations of the iron industry, and the fact that the supplies 
must be gathered from scattered localities, are important draw
backs. The present maximum output, from 21 widely scattered 
points, is equivalent to only about 120,000 tons of concentrated 
nitric acid, which is perhaps two-thirds of a minimum safe re
liance for war: 37 per cent of this total production is used for 
refrigeration and so could not be diverted, particularly in time 
of war: 10 per cent is already used in explosives and chemicals,
and the remaining supply is used in agriculture, where it could be 
ill spared at a time when imported fertilizer materials were cut off.

Germany, with the greatest metallurgical industry in Europe, 
and making 90 per cent of her coke supply in by-product ovens, 
has to turn to atmospheric nitrogen for war supplies.

Childs30 (1916) gives the probable increase in production of 
ammonium sulfate in the United States during 1916 as 30,000 
to 40,000 tons. He gives the statistics of production, imports 
and consumption, in the United States from 1902 to 1915, 
and states that the present production from coking is only 29 
per cent of that possible if by-product ovens were universally 
used. He discusses the future of coke by-products, mentioning 
the probable competition after the war of German products 
from their highly developed fixation processes. He states that the
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semi-direct method is the one used mostly in the United States. 
He also discusses the uses and demand for various by-products.

Landis45 (1915) points out that the supply of ammonia from 
coke ovens has the disadvantages inherent in by-product sources. 
A  ton of coal yields only 5 to 6 lbs. of ammonia. A ny industrial 
depression, and particularly such as results from war [see M in er a l  
In d u stry , 23 (1914), 412-13, 417-22], cuts down the supply at 
once. In  Germany, regulations prohibiting the use of coal 
were passed, in order to force the production of coke and its 
by-products.

Clarke9 (1915) gives an up-to-date list of by-product coke 
ovens built or under construction in (he United States. He 
states that tar and ammonia yields are much lower here than in 
Europe.

The annual production of ammonium sulfate is now about
1.250.000 tons, practically all coming from by-product coke 
ovens or from gas-house retorts. The production in the United 
States per year is equivalent to about 70,000 tons, and is increas
ing annually at the rate of some 15 per cent49 (1915).

In discussing Peacock’s49 (1915) paper, Johnson states that 
the production of ammonia possible in the United States, if all 
coking were done in by-product ovens, is about 225,000 tons 
annually. Only 30 per cent of this amount is saved at present.

American coals52 (1915) contain from 0.9 to 1.4 per cent or 
18 to 28 lbs. of nitrogen per ton, of which 20 per cent, or from 
4V2 to 7 lbs. of ammonia per ton of coal distilled is recovered. 
This yields 18 to 28 lbs. of ammonium sulfate per ton of coal.

Lym n27 (1916) gives a table of the nitrogen content of coals 
from different parts of the United States.

The Mond producer gas system recovers 75 per cent or from 
15 to 20 lbs. of nitrogen, or 60 to 80 lbs. of ammonium sulfate 
per ton of coal consumed. This plant, although installed abroad, 
is not very extensively used in America, as the expense of installa
tion is relatively high.

W agner34 (1916) gives the yields per ton of various American 
coals in tar, ammonia, sulfur and naphthalene. The ammonia 
yield varies from 4.33 per cent for Alabam a coal to 9.60 for Oak 
Creek, on the basis of ash and moisture-free coal. He discusses' 
the subject of coke and coal and furnaces for coal distillation, 
etc., very fully but says little about by-products.

The world production for 1914 is estimated by the American 
Coal Products Company57 (1915) to have been 1,300,000 to
1.350.000 metric tons against 1,409,000 in 1913. England 
produced 426,413 tons, or about 6200 tons less than in 1913. 
Figures could not be obtained for Germany. (See Consumption, 
Ammonium Sulfate, p. 432.)

In the United States, 183,000 tons, or 12,000 tons less than 
in 1913 were produced. This decrease was m ostly during the 
last six months, and was due to the depression in the iron and 
steel trade caused by the war. The recovery possible from the 
coal now coked is 700,000 tons57 (1915).

The principal source, and the one promising the greatest ex
tension in the near future, is the by-product coke oven. The 
Coal Gas W orks have the next largest total output, though the 
unit production is much smaller and widely scattered. Other 
sources are the by-product recovery gas producer, shale oil dis
tillation, and the English blast furnaces using splint coal57 
(1915). Statistics of production for the years from 1900-14 
for the different countries are given, w ith sources in each.57

Tutwiller74 (1914) gives a table showing the rate of production 
and value of coke, tar, ammonium sulfate, etc., from 1903-1908.

Reference 83 (1914) gives the world’s production of ammonium 
sulfate in 1913 as 1,365,000 tons, compared with 1,214,000 tons 
(metric) in 1912. The production of the various countries in 
tons was as follows:

1913 1912
G e rm a n y ...................................................... 549 ,000  492,000
E n g lan d .......................................................  420 ,000  379,000
U nited  S ta te s .   ....................................... 177,000 151,000
F ran c e ........................................................... 75 ,400 69 ,000
B elg ium   .......................................  48 ,600  50 ,000

In 191381 (1914) the production of ammonia in terms of 
ammonium sulfate in the United Kingdom was about 420,000 
tons (long). T he exports were 325,000 tons.

Canada produced in 191376 (1914) 10,608 tons of ammonium 
sulfate from coke ovens.

The production in 1910 and 1911 in the United Kingdom114 
(1912) calculated as sulfate was 367,500 and 378,500 tons (long).

T he production of G reat Britain in 1911 and 1912, calculated 
as sulfate, was, according to  Bradbury and Hirsch85 (1913), as 
follows, in long tons:

1911 1912
G as w orks...........................................................................................  169,000 166,000
Iro n  w orks........................................................................................... 20 ,000  20,000
Shale w orks......................................................................................... 61 ,000 61,000
Coke, carbonizing works and  producer gas p la n ts   135,000 132,000

385 ,000  379,000

The figures given in Reference 108 (1913) are:
1912 1911 1910

G a sw o rk s ...................................................... 172,094 168,783 167,820
I ro n w o rk s .....................................................  17,026 20,121 20,139
Shale w orks......................................................  62,207 60,765 59,113
Coke oven w orks......................................................  104,932 105,343 92,665
Producer gas and  carbonizing w orks .................. 32 ,049  29 ,964 27,850

388,308 384 ,976  367,587

Scott127 (1912) gives similar data for 1906, 1909 and 1910.
A  comparison of the export trade of England and Germany 

during 1912 and 1913 gives the following totals in metric tons:
1912 1913

G erm an y ...........................................  56,897 74,318
G reat B rita in ......................................  285,134 270,697

The amounts exported to each country are given in Reference 
78 (1914).

T ufts144 (1 9 1 1 )  reviews briefly the various commercial sources 
of ammonia. He believes that the by-product coke oven can
not long be a leading factor in the situation as the world’s de
mand for ammonia is increasing a t a  rate that in seven years 
will take almost all the production possible if all the world’s 
coke were made in by-product ovens. A  corresponding rate of 
increase in coke consumption cannot be expected.

O X ID A T IO N  P R O C E S S E S

Washburn13 (1916) states that the world’s yearly fixation of 
nitrogen by the arc process is some 32,000 net tons compared 
to 200,000 tons by  the cyanamide process. T he former process 
is practically confined to Norway, while the latter has been 
applied in Norway, Sweden, Germany, Austria, France, Japan, 
and Canada.

He (1916) also states18 that there are employed in the World’s
Nitrogen Fixation industry 1,000,000 continuous horse power,
and gives the distribution as follows:

C a n a d a . . ..................................................................  30,000
G erm an y .....................................................................    350,000
N o rw ay ............................      450,000
D alm atia, I ta ly , .Sw itzerland, Jap a n , F ra n c e   150,000

980,000

From the condition of operating no arc processes, Germany 
has developed in 18 months an industry producing nearly 10,000 
tons of nitric acid per year21 (1916).

James B . D uke32 (1915) is accredited with the statement 
that the Southern Electrochemical Company will shortly be 
producing a t G reat Falls, S. C., by  the Pauling process, nitric 
acid at the rate of 4 tons per day. The product will be placed 
on the market a t a price lower than that of acid made from sodium 
nitrate.23 The plant uses 3000 kw. and is the only nitrogen 
fixation plant in the United States.

Reference 133 mentions that operation of a plant using the 
Pauling process with an estimated capacity of 8 tons of calcium 
nitrate has been begun by the Southern Electrochemical Com
pany a t Nitrolee, S. C.

Earlier press notices 134 (1912) stated that this plant, which 
was designed to use the surplus power of the Southern Power 
Company, would turn out 5 tons of nitric acid or 8 tons of cal-
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ciuin nitrate per day with a possible later development to a 
capacity of 50 tons.

Baur36 (1916) in a table of the power consumption of the 
electrochemical industries of the world gives the following figures 
for nitrogen fixation:

Pow er Y early P roduction  
P r o c e s s  K w .  M etric  T ons Y i e l d  p e r  K w . H r .

N itric acid from
a ir ..................... 295.000 180,000 1 kg. N  =  65 kw. hr.

=  40 ,000 N  or 1000 kg. N  as
=  310,000 C a(N Os)2 n itra te  => 7.5 kw. yr.
=  270,000 N rN O j

Lime nitrogen. . 55 ,000  150,000 1 kg. N  =  1 7 .5 k w .h r.
=  30 ,000  N  or 1000 kg. N  as lime

nitrogen =  2 kw. yr.
(1 kw. yr. =  8760 kw. hr.)

Installations of the arc process at Rjukanfos have already 
reached 185,000 kw. and with the completion of the works at 
Tyin and M atre nearly 300,000 kw. will be applied to the pro
duction of calcium nitrate. Plants for the production of nitric 
acid by the Moscicki process using 74,000 kw. are being installed 
in Switzerland. T he arc process, because of the relatively 
small power consumption of each unit, and the ease of starting 
and stopping, is especially applicable to intermittent water 
powers.

Calcium nitrate will probably soon disappear from the market 
as it cannot compete with Chile nitrate, nor with ammonium 
sulfate, even when the latter is made from cyanamide48 (1915).

Scott51 (1915) states that in Norw ay alone nearly a quarter 
of a million horse power is employed for making nitric acid 
from the air: one factory uses 140,000.

Washburn53 (1915) gives the annual productive capacity of 
the oxidation processes as over 30,000 tons of fixed nitrogen, 
worth at the normal average value about $250 per ton. This is 
about half of the amount of nitrogen fixed by the cyanamide 
process. The single factory a t Niagara Falls has a capacity 
equal to one-half of the total world’s installed capacity by arc 
processes.

Baekeland58 (1914) states that the Norway factories alone 
are using, for the production of nitrates, over 200,000 electrical 
horse power with a capital investment of $27,000,000 and are 
contemplating an expansion to 500,000 horse power.

Scott127 (1912) estimates the horse power consumption of the 
successive installations of the Birkeland-Eyde process year by 
year as follows:

Y ear H . P. I n s t a l l a t i o n
1903...................................... 25 E xperim ental p lan t, Frognerkilens
190 3 .....................................  160 E xperim ental p lan t, Ankerl5kken
190 4 ...................................... 660 Arcndal
190 5 ...................................... 45000 F ir s t N otodden (Svaclgfos)
1910...................................... 15000 Second N otodden (Lieufos)
191 2 .....................................  140000 F irs t R juken  In sta lla tion
191 3 ...................................... 120000 Second R juken In sta lla tion
191 4 ...................................... 70000 V am m a >
191 5 .....................................  80000 M atre
191 6 ...................................... 70000 T yin

Scott127 (1912) states that (in 1912) Great Britain was not 
fixing an "ounce” of nitrogen.

R E D U C T IO N  P R O C E S S E S  

HABER PROCESS

It  is claimed that the Badische factory is a t present producing 
ammonium sulfate at the rate of 300,000 to 350,000 tons a year, 
an increase of 200,000 tons over the usual rate.27

References 8 and 23 (1916) confirm this figure and estimate that 
the total production by the Haber process in 1917 will be 500,000 
tons, compared with 30,000 tons in 1913.

It is also stated that at the beginning of the war the German 
Government subsidized the Badische factory to the amount of
100,000,000 M . to avoid a shortage28 (1916).

It  was estimated in Reference 78 (1914) that the minimum 
production for 1914 would be 30,000 metric tons.

It  was stated77 in 1914 that the Badische Anilin- und 
Soda-Fabrik was increasing its capital by £900,000 to cover the 
cost of erecting a plant to be capable of producing 130,000 tons 
of ammonium sulfate annually by the Haber process.

CYANAMIDE PROCESS

The Canadian factory of the American Cyanamide Com
pany has a capacity for fixing nitrogen equivalent to 90,000 
lbs. of ammonia per day, and is increasing its capacity up to
110,000 lbs. in 24 hours25 (1916).

Two plants in Germany, one in Bavaria, and another near 
Cologne, are producing 45,000 tons between them23 (1916). 
Another plant is being erected in Westphalia, which will 
use 10,000 h. p. and is expected to produce 200,000 tons of con
centrated nitric acid per year28 (1916).

Landis21 (1916) states that at the beginning of the war, Ger
many had three factories, with a  total capacity of about 50,000 
tons of cyanamide per year, but within 18 months was producing 
almost 500,000 tons. (See also Baur, above, under Oxidation 
Processes.)

During 1914 the world production of cyanamide in 14 fac
tories was some 300,000 tons, averaging over 20 per cent nitro
gen46 (1915).

An article in the E n gineering News** of January 1915 
gives a list of the factories of the world and the output of each. 
The total product is given as 333,500 short tons.

The cyanamide industry58 (1914) represents an investment 
of $30,000,000 in 14 factories, three m Germany, two each in 
Norway, Sweden, and Italy, and one each in France, Switzer
land, Austria, Japan and Canada. The horse power employed 
is 200,000, and the annual amount was valued a t $15,000,000. 
An English Company was contemplating installations of 600,000
H. P. in Norway, and 400,000 in Iceland.

ICubierschky65 (1914) in a lecture on artificial fertilizer ma
terials gives the cyanamide production for each year from the 
beginning of the industry in 1906 a t 500 tons to 208,000 tons in 
1914. The average yearly increase between 1907 and 1912 
was 212 per cent.

Haber0 (1914) gives the amount of nitrogen fixed by this 
method as 36,000 tons.

Pranke58 (1913) states that the world’s production in 1913 
was estimated at 120,000 tons per year in 16 factories, four each 
in Germany and Italy, two in France, and one each in Austria, 
Norway, Sweden, Switzerland, Japan and Canada.

Scott127’128 (1912) gives a list of the factories and outputs 
therefrom of calcium cyanamide in 1912.

AMMONIA AND NITRIC ACID FROM CYANAMIDE

' Washburn53 (1915) states that' no ammonia is being made 
from cyanamide in America outside of the American Cyanamide 
Company’s laboratory. European plants are producing it 
at the rate of 15 tons per day, and there is ready for operation 
in Norway a plant designed to transform 60 tons of cyanamide 
per day into ammonia to be combined with the nitric acid from 
the Birkeland-Eyde factories.

Kaiser33 (1916) states that the B . and A . M asch. A.-G. built 
during 1915 over 30 plants for the oxidation of ammonia from 
the Frank-Caro process, capable of handling over 12,000,000 
kg. of ammonia, and have under construction apparatus for
17,000,000 kg.

The foundation in England of a  company with a capital of 
$10,000,000 to manufacture nitric acid from ammonia, the 
latter being derived from calcium cyanamide, b y  the Ostwald 
process, is mentioned in Reference 109 (1913).

I t  is stated110 (1913) that the plant at Odda is capable of 
consuming 80,000 tons (long) per year of calcium cyanamide. 
Plants are projected with the following capacities:

Aura, N o rw a y . ..................................................................... 200,000 tons CaCN*
(C ontrols power for 2,000,000 tons)

D agenham , E n g lan d ................................. *............................. 12,000 H N O 3
Trafford P a rk ....................    12,000 HNOa
M anchester, S co tlan d .............................................   9,000 HNOa

Ire la n d ................................................................. 3,000 H N O i
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in — CONSUMPTION
G E N E R A L

In the year before the war35 (1916) Germany consumed
217.000 metric tons of inorganic nitrogen as follows:

C hile sa ltp e te r (im p o rted )...........................................................  100,000
C alcium  n itra te  ( im p o rte d ) . ...................   5 ,000
A m m onium  su lfa te  (dom estic p ro d u c tio n )............................ 95 ,000
C alcium  cyanam ide (*/* im p o rted )..............................................  17,000

During the first year of the war only 12V2 per cent of this 
quantity was obtained or produced. B y  the aid of a government 
grant of £7,500,000 large quantities of cyanamide and ammonium 
salts were made for m ilitary purposes35 (1916).

England’s consumption of ammonium sulfate in 1914 was
106.000 tons and exports 313,877 tons. German sales of the 
Deutsche Ammoniak-Verkaufs-Vereinigung for home consump
tion was 321,404 tons. Her exports for the year were 75,868 
metric tons, and imports 34,628 metric tons57 (1915).

In 191381 (1914) the United Kingdom consumed ammonia 
calculated as ammonium sulfate to the amount of 97,000 tons 
(long). The estimated home consumption in G reat Britain was
90.000 tons108 (1913). The consumption114 (1912) of ammonia in 
the United Kingdom  in 1911, calculated as sulfate, was 85,500 
tons.

T he consumption in the United States was 272,000 tons, com
pared with 262,000 in 191357 (1915).

The world consumption in 1913 is given83 (1914) as follows:
M etric  T ons

G e rm a n y ........................................................................... 460,000
U nited  S ta te s .................................................................. 235,000
J a p a n .................................................................................  115,000
E n g lan d ................................................................................  97 ,000
F ran c e ...................................................................................  90 ,000

The world consumption of sodium nitrate'5 (1913) for 1910-12 
is given as follows in long tons:

1910 1911 1912
Shipm ents from  S outh  A m erica   2 ,3 0 0 ,0 0 0  2 ,4 1 2 ,0 0 0  2 ,4 7 8 ,0 0 0
Consum ption  in U. K ...............................  120,000 132,000 130,000
C onsum ption  on C o n tin en t....................  1 ,531 ,000  1 ,564 ,000  1 ,778 ,000
Consum ption  in U . S ................................  501 ,000  556,000 481,000
C onsum ption  in o th e r co u n trie s   89 ,000 103,000 115,000
C onsum ption  in  w orld..............................  2 ,2 4 1 ,0 0 0  2 ,3 5 5 ,0 0 0  2 ,5 0 4 ,0 0 0

Reference 96 (1913) gives the yearly consumption from 1902 
to 1912.

Bem thsen112 (19x2) discusses the increasing demand for nitro
gen compounds, giving the world production, increase, and 
price for sodium nitrate, and ammonium sulfate during the ten 
years from 1900.

Lam y141 (1911) gives the growth in exports of nitrates from 
South America as follows:

1830........................  800 tons
1835........................  7 ,000  tons
1850........................  20 ,000  tons-
1860........................  70 ,000 tons
1870........................  150,000 tons

1880................... 300 ,000  tons
1890................... 800,000 tons
1900................... 1 ,300 ,000  tons
1905................... 1 ,500 ,000  tons
1909................... 2 ,0 0 0 ,0 0 0  tons

The approximate consumptions (tons) in 1910 were:
F rance  G rea t B rita in  G erm any  Belgium  U nited  State9

250,000 100,000 500 ,000  200,000 400,000

U SE S

Washburn13 (1916) states that even the Allies are employing
500,000 continuous horse-power in the fixation of nitrogen for 
explosive materials.

Washburn13’18 (1916) estimates that a war supply of nitric 
acid for the United States should amount to a t least 180,000 
tons per year, which is24 (1916) two-thirds of the estimated 
consumption of the German army.

H e also points out w hat Germany has accomplished by the 
liberal use of fertilizer, that is, in quantities seven times as large 
per average acre cultivated as is the practice in the United States. 
From  an area less than 80 per cent that of the State of Texas, 
she now' raises 95 per cent of the food for a  population nearly 
70 per cent as large as that of the United States. In ten years 
our exportation of wheat and flour has fallen from 31 to 13 per
cent of the production, and general crop production has in
creased only 10 per cent, while the population increased 21 per 
cent. From less than one-half the area Germany harvested in 
1907 over double the quantity of grain and potatoes. While

cost of food rose 80 per cent in the United States it  increased only 
one-half as much there.

Reference 7 (1916) gives the German consumption of nitrogen 
for 1913 as follows:

T ons of 
T ons N itrogen

Am m onium  su lfa te ..................................................  460 ,000 92 ,000
N itra te  of lim e (N orw egian).................................  35 ,000  4 ,500
N itra te  of lim e ............................................................ 30 ,000  6 ,000
Am m onia, H ab er process........................................ 20 ,000 4 ,000
N itra te  of so d a ..........................................................  750 ,000 116,000

The consumption of Chile nitrate increased from 155,000 
tons in 1885 to 747,000 tons in 1913; of ammonium sulfate, from
125,000 tons in 1900 to 460,000 tons in 1913. T he yield of 
wheat per hectare had doubled in Germ any while increasing 
only Vio in France in which latter country only */« as much 
potash and 1/t as much nitrate of soda is used per hectare as in 
Germany.

Figures giving the yields per acre of five principal crops in 
different countries are given by Harris8 together with data showing 
Germ any’s large consumption of nitrogen fertilizers. The material 
seems to come from the same original source as Reference 7.

Landis21 (1916) gives the present annual nitric acid consump
tion of Germany as 250,000 to 300,000 tons for munitions, be
sides the equivalent of 850,000 tons of sodium nitrate, 40,000 
tons of nitrate of lime, and about 20,000 tons of Norwegian cy
anamide, for agricultural and manufacturing purposes. The 
last items are estimated from the normal importation, which 
is now wholly cut off, and replaced by domestic production. 
T he investment involved is over $100,000,000. It  is quite 
possible, however, that the agricultural consumption is curtailed.

During 1912 Germany consumed 750,000 tons of Chile salt
peter, 425,000 tons of ammonium sulfate, 50,000 tons of lime 
nitrogen, and 50,000 tons of Norwegian saltpeter20 (1916).

The imports of nitrates into Germany and Austria amount to 
about 750,000 tons annually. The consumption' during the 
war is estimated a t 750,000 tons of nitric acid for each side. 
This is based on an average consumption of 5 tons (3 to 10) 
of nitric acid J)er ton of explosives made, and 150,000 tons of 
explosives used per year20 (1916).

Christopher56 (1913) mentions that in Germany practically 
the whole production of ammonium sulfate is used on the soil, 
while in England, out of a production of 369,000 tons a year, 
only 70,000 tons are so used.

Sodium nitrate and ammonium sulfate constitute 80 to 85 
per cent of the value of the raw nitrogen compounds produced 
in the world amounting in 1913 to nearly §200,000,000. Of 
this it is estimated that 80 per cent went for agricultural purposes. 
T he farmers’ purchases of nitrogen used east of the Mississippi 
during 1914 came to about $75,000,000, of which more than 90 
per cent was in the form of ammonia. The normal annual con
sumption of nitric acid in the same region is about $7,000,000. 
T he price per unit of nitrogen and the present rate of increase 
of consumption (10 per cent) is about the same for the two 
forms53 (1915).

The fertilizer question is one of great importance to the United 
States53 (1915). In the ten years from 1900 to 1910 population 
has increased 21 per cent, and the crop production only 10 per 
cent. Beef production fell 32 per cent, and the importation of 
foodstuffs more than doubled, with a marked decrease in the ex
ports. Foodstuffs advanced in cost by 80 per cent between 1896 
and 1912, and the increase in the cost of living was 59 percent.

These figures indicate the necessity for increasing yields, 
as has been done in Europe, where the yield per acre is from 50 
to 100 per cent greater than the United States, chiefly because of 
the use of fertilizers, which in Germany is, for instance, per acre, 
15 times, in value in the United States, the average used on culti
vated lands east of the Mississippi. Experiments in Indiana 
and Illinois have shown an increase in yield of wheat valued at 
from 2 to 3 times the cost of the fertilizer.

T he present artificial fertilizers, however, contain from 85
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to 90 per cent of material having 110 fertilizer value. To meet 
the conditions of long distance transportation and haulage over 
roads nearly impassable in the spring, it  is essential that for the 
present mixtures should be substituted a concentrated substance 
of the proper composition and with the required physical and 
chemical properties.

Peacock49 (1915) emphasizes 'the necessity of lowering the 
present prohibitive price of nitrogen products to check this in
crease in price of farm products.

Washburn63 (1915) points out that arc methods of fixation 
cannot supply ammonia, and so must be limited to supplying 
the relatively small demand for nitric acid. The ammonia 
processes, on the other hand, supply a  product for the conver
sion of which into nitric acid processes have already been suffi
ciently developed to leave little doubt of their ultimate success, 
even though as y et no thoroughly workable commercial plant 
is perfected, or in entirely satisfactory operation (in the U. S.).

Furthermore, the product of the arc processes, nitric acid, is 
not suited to the long-distance transportation from the remote 
localities where power is cheap enough to permit of its manu
facture. Calcium nitrate is too hygroscopic for fertilizer purposes.

Washburn tends to the conclusion that the most promising 
solution of the fertilizer problem lies in the production of an 
ammonium phosphate compound deriving its ammonia from 
the cyanamide process.

Peacock43 (1915) gives the annual nitrogen consumption of 
the fertilizer industry in the United States as equivalent to more 
than 100,000 tons of ammonia, increasing by  about 8 per cent 
each year.

About 50 per cent of the Chile nitrate imported into the United 
States is used in the manufacture of explosives, and another 
25 per cent in the arts requiring nitric acid62 (1915).

IV— COSTS

P R IC E  O F N IT R O G E N

The price of combined nitrogen62’49 (1915) is fixed by the 
price of Chile saltpeter, of which the 95 per cent pure contains 
about 15.5 per cent of nitrogen. W ie n  the latter sells for 2 
cents per lb. for the 15 per cent grade, the price of nitrogen is
13.2 cents per lb. and the price of ammonium sulfate containing 
21 per cent of nitrogen should be 2.7 cents per lb. The cost of 
converting nitrate into nitric acid increases its value 50 per 
cent. Hence, there is this added margin for the direct produc
tion of acid by  other processes.

The price of Chile saltpeter has averaged since 1909, $35 to 
$40 per ton f. o. b. Chile, or $45 f. o. b. Liverpool. T he present 
cost of production is from $10 to $20 per ton, leaving a profit 
on the mining of $5 to $10 after paying a tax to the Chilean 
government of $12.25 per ton.

The Liverpool price of ammonium sulfate approximates that 
of sodium nitrate, varying from $45 to $60 per ton. T he nitro
gen content is about 21 per cent.

The cost of converting ammonia into ammonium sulfate is 
about $15 per ton of the salt, and the cost to the by-product coke 
oven of producing the ammonia required for a ton is about $10.

Peacock40 (1915) considers that it  will be necessary to get the 
production cost at the factory down to 4 cents per lb. of ammonia, 
in order to have any process of nitrogen fixation compete suc
cessfully with by-product ammonium sulfate. This seems to 
necessitate a  process giving other by-products of value. A  
low-priced ammonia once obtained, oxidation processes will 
follow easily. A  concentrated end-product such as potassium 
or ammonium nitrate, or ammonium phosphate, with a  factory 
cost not exceeding 5 cents per lb. of combined nitrogen in the 
form of ammonia will probably be necessary in order to meet 
the competitive resources of by-product ammonia.

Summers62 (1915) also believes that the solution of the prob
lem must be sought through improvement of processes.

Carlson69 (1914) gives the value of a  kilogram of nitrogen in 
the various forms showing the increase from the value as ele
ment up to a complex drug like veronal.

F IX A T IO N  C O S T S

Washburn13 (1916) claims that the arc process is at a great 
disadvantage compared with the cyanamide. For the fixation 
of a unit of nitrogen the former requires from five to six times as 
much power as the latter. The production of 180,000 net tons 
of concentrated nitric acid per annum requires 540,000 continuous 
horse power by  the former and 100,000 continuous horse power 
b y  the latter method. A t  the moderate American cost of installa
tion of $100 per continuous horse power, the total installation 
cost of the arc process for the above rate of production would be 
$80,000,000— and for the cyanamide process, $30,000,000. 
Even at an installation cost of $60 per continuous horse power 
on the switchboard, concentrated nitric acid costs a third more 
b y  the arc process. Even with power a t the abnormally low 
figure of $10 operative cost per continuous horse power on the 
switchboard, the pound of nitrogen by the arc process costs for 
power alone as much as the total cost of the pound of nitrogen 
by the cyanamide process, including power, materials, labor, 
interest, amortization, and depreciation.

He also states that the cost of production of nitric acid by the 
cyanamide process as it  is being established b y  an English Com
pany throughout the allied countries is substantially 70 per cent 
of the cost of production from Chilean nitrate.

Gilbert14 gives a  comparative cost analysis of the arc and 
cyanamide processes. He does not state his authorities but his 
conclusions coincide with those of Washburn and others.

The German nitrogen monopoly agrees to  sell nitrogen after 
the war a t a maximum price of less than half w hat farmers nor
m ally pay24 (1916) in the United States.

Germany has expended on her nitrogen fixation industry since 
the beginning of the war, $ioo,ooo,ooo24 (1916).

Washburn18 gives the cost of Chilean nitrate as $2.40 to $2.60 
per unit of ammonia (20 lbs.) (=  $50 a ton), and of cyanamide 
as 80-90 cents per unit of ammonia.

Norton17 (1916) believes from observation of European prac
tice that the minimum-sized plant for economical fixation of 
nitrogen is about 30,000 horse power.

He also states that in order to compete with the cyanamide 
process using power a t $20 per horse power, the arc processes 
must get power at $3 or $4 a horse power, but if the final product 
desired be nitric acid, the arc process can compete a t $7, $8 or 
$10 per horse power.

Summers62 (1915) considers in detail the relative costs of tlje 
various processes for fixing nitrogen. From certain initial 
estimates of costs of labor, etc., he concludes that under the 
best conditions the manufacturer caimot meet expenses and 
pay more than $15 per kilow att year. Hence the acid cannot 
find application in fertilizers, and the process can be utilized 
only if it m ay be coupled with some other product.

He computes that the electrical power requirements of the 
various processes are as follows:
D irec t oxidation  processes requ ire  p e r kg . of n itro g en .............. 65.0 kw. hr.
C yanam ide process, aside from  p rep a ra tio n  of n itrogen gas,

requires per kg. of n itro g en ...................................   16.6 kw . hr.
Serpek process, besides energy from  coal, requires per kg. of

n itro g en ...................................................................................................  12.0 kw. hr.
H a b er sy n th e tic  am m onia  process, besides p rep ara tio n  of 

n itrogen and  hydrogen, com pression and  refrigerating , re 
quires per kg. of n itro g en .................................................................  1.5 kw. h r.

Baur36 (1915) gives the yields and costs of the various arc 
processes as follows:

Yield, g. of Price  in C ost in
HNOa p e r C entim es Pfennigs

kw. h r. per kw . h r. per kg. N
M oscicki.......................................................  0 .3 0  15
P au lin g ................................................  60 0 .6 0  30
B irk e lan d ............................................  70 1 .20  60
S chönherr............................................ 75

Hence at a m arket price of 1.23 M . per kg. of nitrogen as 
calcium nitrate, this substance can only be made a t a profit,
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where power can be obtained in sufficient quantities at a  price 
less than 0.5 centime per kilowatt hour.

The lime-nitrogen process requires about 2 kw. yr. per ton of 
nitrogen fixed, and the Haber or synthetic ammonia process, 
3 kw. yr. per 1000 kg. of nitrogen.

Washburn53 (1915), while giving no specific cost data, draws 
comparisons which he states are derived from actual working 
records, between the costs of the various processes.

Under the most favorable conditions the factory cost, ex
clusive of all power costs, of nitrogen in the form of commercial 
nitric acid, made by the arc process, is greater than the total 
cost of nitrogen as cyanamide, including power used at $10 
per continuous horse-power year. Hence the cyanamide process 
can fix nitrogen, with power at $10 per horse-power year, cheaper 
than the cheapest of the arc processes with power free, or with 
all labor, raw materials and supplies free, and a charge of from 
§8 to $10 per horse-power year. The total cost of nitrogen in 
nitric acid from the arc process cannot b y  any chance be less 
than double that of nitrogen in cyanamide, thus giving the latter 
form a wide margin for its conversion into nitric acid, if desired. 
The indications arc that weak nitric acid can be made by the 
cyanamide process for about 3/i of the cost by the arc process, 
but as power is brought below $10 per continuous horse-power 
year, the production cost of the latter process will diminish 
until it becomes about the same as for the former a t $4 per horse
power year.

The cost of producing ammonia gas by the Haber process 
under the most favorable conditions, is nearly double that by 
the cyanamide process.

The investment necessitated by the arc process per unit of 
nitrogen as weak nitric acid, assuming the investment for power 
to be between $50 and $75 per horse power upon the switchboard, 
is about three times that per unit of nitrogen as ammonia, or 
twice that per unit of nitrogen as nitric acid derived from cyan
amide. T he fixed investment for ammonia production for the 
cyanamide process m ay be as low as one and one-half times the 
market value of the annual product compared with three times 
for the Haber process. For nitric acid by  the cyanamide process 
the investment m ay be only one and one-fourth times the annual 
product, while for the arc process, with a power investment of 
$75 per continuous horse power, the fixed investment would be 
from three to four times.

In the United States the m ajority of manufacturing con
cerns vary in fixed investment from one to one and a half times 
the market value of the annual product, exceeding this propor
tion only in very special cases. T he most reliable class of in
vestments, such as public utility corporations do not exceed 
$4 to $6 investment per dollar of gross revenue.

Washburn63 (1915) points out that though the Haber process 
demands relatively little power, yet the cost in the vicinity of 
New Y o rk  of the electrical energy demanded is as much as the 
total power cost for cyanamide a t other available sites. Its 
successful employment by  the Badische Company is due to 
their pressing need for a w ay of disposing of large quantities of 
by-product sulfuric acid.

Peacock49 (1915) believes that synthetic ammonia processes 
such as that of Haber m ay have local application, but will never 
become commercially important.

The plant investment required for the production of cyanamide 
ammonia is about half that for Haber, or synthetic ammonia. 
The cyanamide plant costs per unit of nitrogen fixed, about 
one-quarter as much as the arc process plant, and even the cy- 
anamide-ammonia-nitric-acid plant costs only from one-third 
to one-half as much to install as the arc. T he electric power 
required per unit of nitrogen fixed is one-fifth and the labor about 
the same as that of the arc process. The further conversion of 
the ammonia into nitric acid requires only a small fraction of 
additional power and labor. Moreover, the cyanamide is

readily transported, and can be easily and economically con
verted into ammonia and nitric acid by  small units at the point 
where used46 (1915).

Haber64 (1914) states that the Frank and Caro or cyanamide 
process fixes 50 g. of nitrogen per kw. hr. including all power.

T he energy consumption in the fixation of one ton of nitrogen 
as calcium cyanamide is given by P ran ke" (1913) as about three 
horse-power years including manufacture of carbide and all 
subsequent factory’ operations.

Kroczek92 (1913) gives the horse-power consumption of 
the various processes as follows:

H . P . h r. p e r kg.
(2.2 lb.)

K aw alsky -P au ling ........................................................... 97
B irke land -E yde ................................................................  84
Schön h e r r ...........................................................................  80
Calcium  cyan am id e ........................................................  33
A lum inum  n itr id e ...........................................................  16

Scott157 (1912) gives the nitrogen content and comparative 
prices of various artificial fertilizers as follows:

P e r cen t Price per 
N itrogen  T on  (Long)

A m m onium  sulfa te  from  gas w orks.....................  19.75 £13
Chile n itr a te .................................................................. 15.50 £  9 15s
N orw egian calcium  n i t r a te ...................................... 12.75 £  8 10s
C alcium  cyanam ide .................................................... 18.00 £1 0

Roeber149 (1910) gives the yields of the various processes as:
Schdnherr (Badische C o .) ..............................  75 g. HNO» per kw. hr.
B irke land-E yde ........................  70 g. H N O 3 p er kw . hr.
P au lin g ..................................................................  60-75 g. HNOa per kw. hr.
C yanam ide  ................................................  • 76 g. HNOa per kw . hr.

Scott127 (1912) gives the yield of the Birkeland-Eyde process 
as 500-550 kg. of nitric acid or S53-938 kg. of calcium nitrate 
per kw. yr. The best yield at Notodden has been 900 kg. of 
100 per cent nitric acid per kw. yr.

The Pauling process guarantees 60 g. of 100 per cent nitric 
acid per kw. hr. and a cost of 120 francs per kilow att as cost of 
the electrochemical plant itself.

Dobbelstein116 (1912) gives the costs of installation and operation 
for a plant employing the Hausser method with coke oven gases.

Reference 84 (1914) gives the yields of the Serpek process as 
2 tons of alumina and 500 kg. of fixed nitrogen (as ammonia) 
per kw. yr.

Beckman135 (1911) describes the general financial status of the 
nitrogen fixation industry as being "well paying” and gives in
come figures. He makes a mistake, however, in stating that the 
Birkeland-Eyde process has been abandoned. [See Reference 
130 (1911)-]

Franklin140 (1911) gives a very general review of the status of 
nitrogen fixation processes, considering only the Birkeland-Eyde, 
Schonherr, and cyanamide processes, and their relative costs, 
with data taken from other authors.

Roeber149 (1910) gives a good general review of the various 
processes for nitrogen fixation, with costs, and present status 
of industry.

Voorhees150 (19x0) discusses the relative costs and actual value 
to the farmer of the various constituents of artificial fertilizers, 
and shows where economy should be effected.

A M M O N IA  F R O M  C A L C IU M  C Y A N A M ID E

Landis25 (1916) gives estimates on the plant and operating 
costs for the production of 30,000 lbs. of ammonia per day, based 
on designs made b y  the American Cyanamide Company, in the 
light of European practice, and after six months’ experience in 
America with a small plant, imported from Germany. These 
involve the use of an autoclave unit of nine shells requiring a 
continuous motor load of about 200 h. p.

The plant, without power or pumping plants, equipped to 
put out as final product an ammonia gas saturated with moisture 
at the temperature of the condenser water available m ay be 
erected for $120,000. This does not include cost of land, founda
tions, or sludge disposal. T he cost of operation, including the 
items of power, steam, water, labor, chemicals, repairs, interest, 
depreciation, etc., comes to $451.43 per day, or $0.01505 per 
pound of ammonia. The detailed items are given in the original.
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Laboratory experiments b y  M anuelli71 (1914) have shown the 
yield to be from 90-99 per cent of the theoretical. • The cost 
should be about 20 centimes per kilo of nitrogen.

OXIDATION OP AMMONIA
Zeisberg* (1916) gives costs deduced for American conditions 

from the costs given in Reference 109 and compares them with 
estimates from other sources for small and large plants.

He gives the cost of making nitric acid from sodium nitrate 
as a t least 1.75 cents per lb. for labor, repairs, and sulfuric acid 
and with sodium nitrate at 2.64 cents per lb. the cost of the 
nitrogen used per lb. of nitric acid would be 3.750 cents compared 
with 4.280 cents for the Ostwald process. B ut the Ostwald 
process will become increasingly more profitable as the price of 
Chile nitrate and consequently of ammonia becomes less. These 
estimates are based on an 85 per cent efficiency for the Ostwald 
process and a 97 per cent efficiency for the retort method of m ak
ing nitric acid. Zeisberg concludes that ammonia itself is so 
valuable that there is little hope that the Ostwald process can 
ever compete successfully with the arc processes for the produc
tion of nitric acid.

Kaiser33 (1916) claims to be able to oxidize ammonia to nitric 
acid with a 90-95 per cent yield at a cost of 1.25 kg. of coke per 
kg. of ammonia, besides the power for driving fans.

Dieffenbach62 (1914) computes that a t the selling price ex
isting, oxidation of ammonia to nitric acid is less profitable 
than conversion to sulfate. B u t in factories producing dilute 
nitric acid, absorption by nitric acid should be yet more 
economical.

In Reference 109 (i9 i3 )th e  cost of manufacture of nitric acid 
from ammonia from gas liquor is given for a plant capable of 
producing monthly 148.4 tons of 53 per cent nitric acid from 
25 tons of nitrogen in the form of ammonia. The cost of plant 
is estimated a t $55,000, and the items are given. Operating 
costs per month should be as follows:

Pow er, 14,400 h. p. hrs. a t  3 c en ts ........................................ $  437 .50
S team , 20,000 k £ ........................................................................... 337 .70
T o ta l operation  including above and  in te rest, labor, etc. 2 ,1 8 7 .5 0  
C osts per ton  of 100 per c en t H N O j.....................................  39 .94

These figures include the plant and cost of production of am
monia gas from gas liquors. Detailed items are given with esti
mates of profits. The estimates are based on English conditions.

V— A PPEN D IX  
R E C O V E R Y  O P N IT R O G E N  C O M P O U N D S

BY-PRODUCT COKE OVENS
Christopher86 (1913) gives a history* of the development of 

ammonia recovery from coke ovens with the yields at various 
periods, descriptions of the types of ovens, with comparative 
working costs and values of the products. A  bibliography 
is included.

The yields obtained in 1870 are given as 10 gallons of tar and 
16 lbs. of ammonium sulfate per ton of coal in gas works, and 
5 to 11 gallons of tar and 4 to 6 lbs. of ammonium sulfate from 
coke ovens. This had been increased in 1881 by  the Simon- 
Carves plant to 6.12 gallons of tar and 28 lbs. of ammonium 
sulfate.

PRODUCER GAS PLANTS
A  further resource for the recovery of nitrogen compound 

is the ammouia-recovery producer-gas plant. The Lym n ap
paratus is a recent system based upon the general principles of 
the M ond process, but with the high and bulky towers replaced 
by vertical washers. T he form and operation is fully described 
and illustrated. Operating costs are given for a plant producing 
from 2812 to 2830 kw. hr. per hour, with a consumption of 
from 64.6 to 70.2 tons of coal yielding from 1.76 to 1.94 tons of 
ammonium sulfate in 24 hours. The nitrogen content of the 
coal used was 0.8 per cent, and the cost $3.00 to $3.25 per 
ton. Including a 10 per cent depreciation charge, the cost of 
gas is 0.14 per kw. hr. Reference 56 (1915) gives further 
details.

COAL GAS MANUFACTURE 

W agner75 (1914) describes and gives the costs, etc., for re
covery of ammonia and other products in coal gas distillation 
by the Feld system. The raw. liquor usually contains from 1 to 
2 per cent of ammonia from which all but about 0.005 per cent 
is recovered.

The operating costs, without depreciation and interest, for 
the ammonia recovery from a plant carbonizing 300 tons of coal 
per day should be for a 250-day year:

$32,530 if aqua  am m onia, and
$12,811 if am m onium  sulfa te  be the  final product.

W ith ammonia at 8 cents per lb., aqua ammonia of 26° at $102 
a ton, and ammonium sulfate a t $60 a ton, the annual profits 
for the two processes should be $47,030 and $30,809, respec
tively.

If the Bueb process for the extraction of cyanogen be com
bined with the above Feld process, the operating expenses will 
be $11,546 and the profit $48,039.

Tutwiller74 (1914) describes in detail the methods of coal gas 
manufacture and by-product recovery, giving cuts and diagrams 
of apparatus. He gives analyses, proximate and ultimate, of 
a typical coal. He also describes in detail the concentration of 
ammoniacal solutions, illustrating with cuts and diagrams. 
His article is very full.

Rittm an and W hitaker60 (1915) give a bibliography of the 
chemistry of gas manufacture of 274 references covering the 
headings:

C arbonization  and distilla tion  of coal.
G as producers, w ater-gas.
P etro leum  oil d istillation.
Oil gas.
R eactions of hydrocarbons.
H igh tem p era tu re  and  high pressure reactions.
Low tem p era tu re  carbonization.
Chem ical equilibrium  and  catalysis.
G eneral lite ra tu re .
Books.

PEAT PRODUCER-GAS PLANTS 

Lym n27 (1916) gives an historical resume of the development 
of producer-gas by-product recovery in Europe and outlines the 
latest features of his own system. He mentions the systems and 
improvements of Young and Beilby, Mond, Duff, Grossley and 
others, describing each and discussing the advantages of each. 
The article is very fully illustrated with diagrams, etc. He 
gives detailed costs of operation and estimates 011 three different 
types of installation. He gives the yield of a Lym n plant as 
61 lbs. of ammonium sulfate per ton of coal, which is a "nitrogen 
efficiency of 70 per cent.”  He also discusses the adaptability 
of various fuels and states that peat containing 60 per cent of 
w ater can be used. Plants burning peat have been in opera
tion in Europe for several years.

N ature19 (1916) in the course of an article discussing the 
distillation of peat in producer-gas plants gives figures on the 
recovery of by-products. Peat contains from 0.5 to 2.5 per 
cent of nitrogen, almost all of which m ay be liberated as am
monia by passing steam over the material heated to 350-550°. 
The following yields have been obtained from large-scale ex
periments:

G erm any I ta ly  E ngland
N itrogen  con ten t in per c e n t......................  1 .0  1 .58  2 .3  2 .2
(M oisture  c o n te n t) .......................................  (40-60) (15) (58) (63)
A m m onium  sulfa te  recovered per ton

of theoretically  d ry  p e a t .........................  70 lbs. 1151bs. 2151bs.
168 “

Producer-gas plants treating peat are in successful operation 
a t Portadown,- Ireland (400 brake horse power), near Osnabruck, 
Germany (3000 H. P.) and at Orentano, Ita ly  (700 metric H. P.). 
T he last two recover ammonium sulfate. The German plant 
consumes 210 tons of peat (60 per cent moisture) in 24 hours. 
The Irish plant using peat a t 5s. a ton obtains power at 1/n 
penny per H. P. hr. I t  is stated that the amount of combus
tible m atter in the world’s peat deposits exceeds that in all the 
known coal fields.
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MISCELLANEOUS

Ammonia Recovery from Waste Liquors— Knoedler45 (1915) 
has been able to recover 28 per cent ammonia from waste liquors 
of the W elsbach Company containing about 1 per cent, by  a 
distillation plant which he describes in detail, a t a cost of opera
tion of $2.24 per 1000 lbs. T he output of his plant was 3000 
lbs. of 26 per cent ammonia per day.

Ammonium Chloride from Recovery Plants— A  process has 
been patented and is being applied by the Berlin-Anhaltische 
Maschinenbau Aktien-Gesellschaft or the manufacture of am
monium chloride instead of ammonium sulfate from by-product 
ammonia, with the idea of supplying the market for the pure 
salt, and also avoiding a future overproduction of sulfate79 
(1914).

W agner75 (1914), in the course of an illustrated article on coal 
gas residuals and the Feld system, describes processes and ap
paratus for the recovery of ammonia gas by  continuous stills 
and its conversion into ammonium sulfate.

The results obtained by slow distillation of coal in vacuum at 
various temperatures are discussed b y  Cobb, Burgess and 
Wheeler*0 (1914).

A  tar scrubber for the direct process101 (1913) for ammonia 
recovery from gases, avoiding the customary absorption and 
redistillation, is described, with cuts, b y  Strommenger. A  good 
sulfate containing 25 per cent of N H j is obtained.

H eck90 (1913) describes in some detail the operation of the 
Brunck direct, and the Koppers semi-direct, processes, with esti
mates of the relative saving effected by each.

Ohnesorge57 (1913) outlines the history and recent develop
ment of the direct process for recovery of ammonium sulfate.

The direct process using a  Pelouze extractor is briefly described 
by Pfudel1M (1912).

Brown137 (1911) gives working directions for the operation of a 
waste ammonia recovery plant and for concentration and testing 
of the product.

Cooper138 (1911) has carried out some experiments upon the 
direct recovery of ammonia, and gives the diagram of his tar 
extractor.

P R O D U C T S  M A D E  P R O M  CYAN A M ID E

Cyanamide is capable of a number of conversions to products, 
such as urea, dicyanamide, creatinin.

Washburn states that the United States imports annually 
for the celluloid industry $50,000 worth of high-grade urea which 
can now be supplied from this source. Urea is also applicable 
in the manufacture of explosives, when not prohibitively ex
pensive53 (1915). Its nitrogen can be converted almost quan
titatively into cyanides b y  fusion with salt, giving a yield equal 
to nearly 25 per cent of the weight of the cyanide equivalent.

Clennell37 (1915) discusses the chemistry of this reaction, and 
of others for making cyanides, as given by the literature and 
patents.

Cyanam ide itself is an excellent agent for case-hardening, 
and hundreds of tons are being used abroad in the manufacture 
of war materials, and will probably find extensive use here when 
the peculiarities of the trade have been overcome48 (1915).

Sulzer130 (1912) makes ammonia and formic acid from cal
cium cyanamide b y  fusing with charcoal and sodium carbonate, 
and then heating with water in an autoclave.

Carlson59 (1914) discusses in a  general w ay the use of cyan
amide as a raw material for the manufacture of other products 
such as cyanides, urea, veronal and other drugs. He gives the 
value of a kilogram in the various forms from element to com
plex drug.

N O M E N C L A T U R E  O F C Y A N A M ID  IN D U S T R Y

The following definitions of terms used in the Cyanamid 
industry are given by P ran ke" (1913):

Lime-Nitrogen— Crude calcium cyanamide, ground to a fine 
powder after removal from the ovens in which it  is formed. It  
contains about 55 per cent calcium cyanamide, C N .N C a, 
about 2 per cent calcium carbide, and about 20 per cent free 
calcium oxide.

Cyanamid— This is a trade name for the completely hydrated 
material prepared for use as a fertilizer in the United States. 
I t  contains about 45 per cent calcium cyanamide, 27 per cent 
calcium hydroxide and no carbide. T he name is always capi
talized and has no final "e .”

Cyanamide— The compound represented by the formula 
C N .N H 2. I t  is sometimes referred to as acid cyanamide, or 
free cyanamide.

Calcium Cyanamide— The chemical compound of the formula 
C N .N C a, or CaC N j, as it is frequently written.

Calcium Cyanamid— T he name used by the United States 
Departm ent of Agriculture and b y  some State Departm ents of 
Agriculture to designate the commercial Cyanamid. I t  is 
sometimes used to indicate the substance represented by the 
formula C N .N C a, but for the sake of clearness the compound 
C N .N C a  will be called calcium cyanamide in the present paper.

Nitrolim— The trade name for the material sold in England 
for agricultural purposes. I t  is a lime-nitrogen to which has 
been added just enough water to destroy the carbide. Prac
tically all the free lime is present as calcium oxide.

Kalkstickstoff— The commercial material manufactured in 
Germany for use as a fertilizer. I t  is similar to nitrolim.

Stickstoffkalk— A  crude calcium cyanamide made by nitri
fying a calcium carbide which contains about 10 per cent of 
calcium chloride. Its manufacture in Westergeln, Germany, 
under the Polzeniusz patents was discontinued in 1910.

Calciocianamide— The Italian commercial product, com
pletely hydrated.

Cyanamide de Calcium— The French commercial product, 
completely hydrated.

E Q U IV A L E N T S
1 M . (M ark) =  $0.238 1 (centim e) =  1/100 franc
1 (pfennig) =  1/100 M . 1 kg. (1000 g.) =  2.205 lbs. (Av.)
1 £  (pound) =  £4.8665 1 kw. hr. =  1.359 H . P.
I s. (shilling) =  1 /20 £  1 long ton  =  2240 lbs.
1 fr. (franc) ~  $0.193 1 m etric  ton  — 2204.62 lbs.

P O W E R  C O ST S

The average coal consumption per kw. hr.3 (1916) was found 
to be 2.77 lbs. (bituminous) a t a  modern 18,500 kw . steam tur
bine plant a t Worcester, M ass. The unit cost of production 
per kw. hr. was 5.3 mills for fuel ($4.28 per ton) and 1.12 mills 
for operating labor cost. T he cost analysis is given.

Dunn10 (1916) discusses the relative construction and opera
tion costs of hydro-electric and steam plants for the generation 
of electricity. He gives comparative unit analyses of cost of 
operation.

Stillwell12 (1916) gives similar data and also shows the varia
tion in total cost of power for various costs of coal.

Scheuer22 (1916) gives the cost of power from hard and soft 
coal at different prices in Germany, with and w ithout b y 
product recovery. He also gives statistics of coal production 
and by-product yields of various kinds.

Baekeland15 (1916) states that a t $1.25 a  ton for good steam 
coal power can be obtained cheaper than the price now paid at 
Niagara.

In Reference 24 (1916) Washburn discusses the relation of the 
water power problem to nitrogen fixation, describing the differ
ence between Norwegian and United States w ater powers. 
He gives estimated costs of installing plants, etc.

There is considerable interest in the possibility that certain 
of these processes might be adapted to utilized off-peak and 
off-season loads52 (1915).
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In figuring the costM (1914) of water power, it is the tendency- 
abroad to include only operating costs, and not the investment 
on the plant, contrary to the practice in the United States. 
This should be taken into consideration in making comparisons. 
There are many plants in operation in the chemical industries 
abroad, whose real costs of power production are no lower than 
many of the more favored locations in this country.

Scott127 (1912) discusses the power question as it  affects Great 
Britain, and goes into comparison and details in regard to the 
cost of installation of hydro-electric, and steam plants, and the 
relative advantages of coal and gas-fuel, and of surface combus
tion. He gives the capital and running costs for a producer- 
gas engine power station for 3000 brake horse power.

In N orw ay127 (1912) the electric horse-power year costs $4 
to $6 compared with $10'to $15 in the U. S.

Lyon and Keeney03 (1913) give the cost of power used for 
various electrochemical processes in 25 different localities from 
hydro-electric and steam plants.
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AD D ITIO N AL M ATERIAL AND CO M M E N T

The galley proof of the above article was sent to thirty different 
libraries, firms and individuals for criticisms and suggestions of 
further material. The following items were obtained in this w ay:

F. C. Zeisberg and F . G. Liegenroth, of the E . I. du Pont de 
Nemours and Company state that the gases from the Birkeland- 
Eyde furnace are withdrawn a t 1100° C. and contain about
1.25 per cent of NO. The concentration of N O  in the product 
of the Schönherr furnace is only about 1.75 per cent and the 
yield is the same as for the Birkeland-Eyde. The temperature 
of the escaping gases is 1200° C. for the latter and 800 to 1000° C. 
for the former. Both of these furnaces, as well as the Pauling, 
take single-phase current. The Schönherr uses 5000 volts and 
the Birkeland-Eyde is now built to take as high as 4000 kw. 
The power factor of the last has been raised to 0.8 in recent 
developments.

The enrichment of air with oxygen as done in the Kilbum - 
Scott process is an old idea.

A t Notodden the strength rarely rises above 30 per cent 
HNO3 b y  weight in the acid delivered.

The total power in Norw ay (Rjukanfos and Notodden) used 
for fixation processes is 350,000 H. P. (250,000 kw.). The T yn, 
M atre and Vamma developments will not be so employed for 
sometime, at least.

H. G . H. T arr of R. D. Wood and Co. writes: “ I feel quite 
certain that the combination of a by-product gas and steam 
plant will produce cheaper power than can be attained in any 
other w ay. I  am preparing an article which will be published 
in one of the periodicals in the next two or three months, in 
which I shall go more into detail.”  This article will appear in 
the M etallurg ica l and Ch em ical E n gineering . M r. T arr has al
ready published in Pow er  for November, 1908, comparative 
analyses of the costs of operating water-power and gas-power 
plants.

C. W . Andrews of the John Crerar Library supplied the fol
lowing references to books:

Georg B rion, "L uftsa lpe te r, seine G ew innung durch  den elektrischen 
Flam m enbogen.”  B erlin  & Leipzig (G. J .  Göschen, 1912, 153 pp .).

T heodor PfeifTer, “ Stickstoffsam m elnde B akterien , B rache und  R a u b 
bau .”  (E d. 2. Berlin, P . P a rey , 1912, 100 pp.)

W ilhelm  Schneidewind, “ W eitere Versuche ü b e r die W irkung ver
schiedener S tickstofform en aus den Jah ren  1908-1911.”  (Berlin, D eu tsch  
Landw irtschafts-G esellschaft, 1912, 171 pp.)

The following books, some of which also were suggested by 
C. W . Andrews, belong to an earlier period than that covered 
by this paper, but m ay be of interest to those who wish to study 
the earlier phases of the subject:

R o b ert H uber, "Z u r S tickstoff-F rage.”  (Bern, S täm pfli & Cie., 
1908, 116 pp.)

K onrad  W ilhelm  Jurisch , "S a lp e te r und  sein E rsa tz ."  (Leipzig. 
H irzel, 1908, 356 pp.)

Adolf Koenig, "U b e r d ie O xydation  des Stickstoffes im gekühlten  
hochspannungsbogen bei M inderd ruck .”  (Halle, K uapp , 1908, 76 pp.)

This book consists of a brief review of the chemistry of nitrogen 
oxidation and a detailed report of the author's experiments.

W ilhelm  Schneidewind, "D ie  S tickstoffquellen und  die Stickstoff- 
düngung ." (Berlin, P . P arey , 1908, 139 pp .)

P. Vageier, "D ie  B indung des a tm osphärischen Stickstoffs in N a tu r  
und  T echnik .”  (B raunschw eig, Vieweg, 1908, 132 pp.)

The greater part of this book is devoted to the fixation of 
nitrogen by bacteria, only 19 pages being given to technical 
methods. A  diagram of the arc chamber of the Bradley and 
L ovejoy process is shown.

E d u a rd  D onath , "D ie  technische A usnutzung des atm osphärischen 
Stickstoffes.” (Leipzig & W ien, F . D euticke, 1907, 250 pp.)

This book is a good detailed treatment particularly of the 
chemical aspects of the subject, w ith descriptions of apparatus 
and many references to the literature. The Bradley-Lovejoy 
process is described quite fully.

Johannes Brode, "U eber d ie O xydation des Stickstoffes in der hoch- 
spannungs fiam m e.” (H alle. K uapp , 1905. 63 pp .)

F . Lepel, "D ie  B indung des atm osphärischen  Stickstoffes, insbe
sondere durch  elektrische E n tlad u n g e .”  (J. Abel Greifswald, 1903, 
42 pp.)
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C u l l u m .  8vo. Price, 10s. T h e  M acm illan C o .,  London.

Paraffin: T he  Vaporizing of Paraffin  for H igh  Speed  M otors. E d w a r d
B u t l e r .  12mo. 120 pp . Price, $1.25. J . B . L ipp inco tt Co., P h ila 
delphia.

Refining In d u s try  in  the  U nited S ta tes. O i l  a n d  G a s  J o u r n a l .  Price, 
$1.00. Oil and Gas Journal, T u lsa , Okla.

Saw s: T heir C are and  T rea tm en t. H . W . D u r h a m .  8 v o .  272 pp. 
Price, 5s. W m . R ider & Son, London.

S team -B o ile rs : T heir T heory  and  D esign. H .  D . P a r s o n s .  5 th  E d. 
8vo. 377 pp. Price, $4.00. Longm ans, G reen & Co., N ew  Y ork.

V entilation: Som e M odern  M ethods of V entilation. R .  G r i e r s o n .
8vo. 202 pp . Price, 8s. 6d. A rchibald  C onstable  & Co., London.

W elding: A P rac tica l M anual of A utogenous W elding. R .  G r a n j o n  
a n d  R .  R o s e m b e r g .  8 v o .  273 pp . Price, 5s. Charles G riff in  & Co., 
London.

W iring: S ta n d a rd  W iring for E lectric  L ight and  Pow er. H .  C . C u s h i n g ,  
J r .  16mo. 360 pp . Price, $1.00. T he  A uthor, 63 P a rk  Row, New 
Y ork  C ity.

N E W  JOU RNALS
A bstracts of Bacteriology. Published under th e  D irection of the  S o c i e t y  

o p  A m e r i c a n  B a c t e r i o l o g i s t s .  B i-m onthly. Price, $5.00. W illiam s 
& W ilkins Co., B altim ore.

The Jou rna l of D airy In d u stry . E d ited  by J . H .  F r a n s b n .  B i-m onthly. 
Price, $5.00. W illiam s & W ilkins Co., Baltim ore.

T he  Jo u rn a l of Urology. E d ited  by H u g h  H .  Y o u n g .  B i-m onthly. Price, 
$5.00. W illiam s &^Wilkins Co., B altim ore.

R E C E N T  JOU RNAL A R TICLES
A ir"jD rying. C a r l  H e r i n g .  Metallurgical and Chemical Engineeringt 

Vol. 16 (1917), No. 4, pp . 187-190.
Alloys: A B ibliography of Alloys: B inary, T ern a ry  and  Q uaternary  

System s: C l a r e n c e  E s t e s .  Metallurgical and Chemical Engineering, 
Vol. 16 (1917), N o. 5, pp . 273-282.

Amino Acids: Sur quelques dérivés des am ino-acides. J . T .  B o r n w a t e r .
Recueil des travaux chimiques des P ays-B as et de la Belgique, Vol. 36
(1917), No. 5, pp . 281-284.

A nalysis of L ight Oils. G u s t a v  E g l o f f .  Metallurgical and Chemical 
Engineering, Vol. 16 (1917), No. 5, pp. 259-263.

Atom: S tructu re  of th e  Atom. S a u l  D u s h m a n .  General Electric Re
view, Vol. 20 (1917), N o. 3, pp . 186-196.

B leached G round wood. O t t o  S c h ü t z .  Paper, Vol. 19 (1917), No. 23, 
pp. 64-66.

B rick Sew ers. J . F .  S p r i n g e r .  M unicipa l Engineering, Vol. 52 (1917), 
N o. 2, pp . 47-52.

C arbonization of K elp for th e  Recovery of P o tash . J . W . T u r r e n t i n e .  
Metallurgical and Chemical Engineering, Vol. 16 (1917), No. 4, pp. 196- 
199.

Cleaning the  B last Furnace  G as. L. B r a d l e y  a n d  O t h e r s .  The Iron  
Trade Review, Vol. 60 (1917), N o. 9, pp . 517-520.

C oncrete: T he  P ro g ress  of R einforced C oncrete. E .  D. A n d r e w s .  
The Engineering Review, Vol. 30 (1916), No. 6, pp . 168-170.

D ry  C oncentration  of Gold O re. L e o n a r d  G o o d d a y .  Engineering and  
M in ing  Journal, Vol. 103 (1917), N o. 7, pp. 305-306.

F ertilizers: P e rm a n en t Soil Fertility . S . B . H a s k e l l .  The Am erican
Fertilizer, Vol. 46 (1917), N o. 5, pp . 21-25.

Flo tation , P a s t and  P resen t. N . C . B o n n e v i e .  M ining  Am erican, Vol. 
74 (1917), No. 1826, pp . 8-9.

F lo tation’s R em arkab le  Advance in  1916. The M in ing  and Engineering  
World, Vol. 46 (1917), N o. 1, pp . 29-32.

G erm any’s M anganese  Supply. F r a n k  J o v i e .  The Iron Age, Vol. 99
(1917), N o. 8, p. 496.

G raphite D eposits in B u rn e t and  Llano C ounties, T exas. W . B . P h i l l i p s .  
M anufacturers* Record, Vol. 71 (1917), No. 8, p. 45.

G rinding  W heels and  G rinding M achines. C . W . B L A K E S L E E . The 
Engineering M agazine, Vol. 52 (1917), No. 5, pp . 697-710.

H ydrocarbons: Sur les points de fusion  de  quelques hydrocarbures.
C . J .  E n k l a a r .  Recueil des travaux chimiques des P ays-B as et de la 
Belgique, Vol. 36 (1917), No. 5, pp . 247-249.

H ydro-electric  Pow er and  E lectrochem istry  and  E lectrom etallurgy  in 
F rance. C . O . M a i l l o u x .  Metallurgical and Chemical Engineering, 
Vol. 16 (1917), No. 5, pp . 265-273.

M anganese : O n th e  E stim ation  of M anganese  in  H igh Speed S teels.
C. T . N e s b i t .  Chemical News, Vol. 115 (1917), No. 2985, pp . 61-62.

M anganese  Significance in  S tee l M etallurgy . F .  H .  W i l l c o x .  The 
Blast Furnace and Steel P lant, Vol. 5 (1917), No. 3, pp . 97-100.

M agnesite : T he Origin an d  G eo-chem istry  of M agnesite . S . H. D o l -  
b e a r .  M in ing  and Scientific Press, Vol. 114 (1917), N o. 7, pp . 237-238.

M agnetic P roperties  of S h ee t S teel. T .  S p o o n e r .  The Electric Journal, 
Vol. 14 (1917), No. 3, pp . 90-97.

M eta l Spraying w ith Oxy-A cetylene “ P isto l.”  L a t h r o p  C o l l i n s .  A cety
lene Journal, Vol. 18 (1917), N o. 9, pp . 494-502.

M etallurg ical P rob lem s of the  R and. H . F .  B a i n .  M in ing  and Scien
tific Press, Vol. 114 (1917), N o. 7, pp . 227-235.

M etric  System : T h e  A doption of th e  M etric  System  in th e  U nited S tates. 
The Scientific M onthly , Vol. 4 (1917), No. 3, pp . 193-219.

M ill an d  S m elte r C onstruction in  1916. The M in ing  and Engineering  
World, Vol. 46 (1917), N o. 1, pp . 1-28.
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WHOLESALE PRICES PREVAILING IN THE NEW  YORK MARKET ON MARCH 15

INO RG AN IC  CHEM ICALS

A cetate of L im e................................... .. .100 Lbs. 3 .25 © 3 .5 0
Alum, lum p a m m o n ia ....................................... .100 Lbs. 4.00 @ 4.2 5
Alum inum  Sulfate, h igh-grade....................... 65 .00 © 70 .00
A m m onium  C arbonate, dom estic ................. ..........Lb. 10 @ 10»/«
A m m onium  Chloride, w h ite . .......................... ..........Lb. IS @ 18 V*
Aqua A m m onia, 26°, d r u m s ......................... ......... Lb 5>A ® 6
Areenic, w h ite ...... ............... ............................... 14 @ 15
B arium  C hloride ..................................... .. 90 .0 0 @ 9 2 .0 0
B arium  N itra te .................................................... 11 @ 11»/*
B arytes, prim e w hite, fo reign .................... 35.00 © 40.00
Bleaching Pow der, 35 per c e n t...................... .100 Lbs. 3.50 © 3.75
Blue V itrio l...................................................................... Lb. 9*/« @ 9‘/»
Borax, crystals, in b ag s .................................... .........Lb. 7>/i @ 8
Boric Acid, powdered c rysta ls ....................... ......... L b. 121/1 @ 12»/*
Brim stone, crude, dom estic ............................ .Long Ton 45 .00
Brom ine, technical, b u lk ................................... ......... Lb. 1.30 @ 1.40
Calcium  Chloride, lum p, 70 to  75%  fused.......... Ton 23 .00 © 24.00
C austic  Soda, 76 per c e n t............................... ......... Lb. 4 .4 0 @ 4 ,5 0
Chalk, ligh t p re c ip ita te d .................................. -------Lb. 4>/i © 4*/*
C hina C lay, im p o rted ....................................... ......... T on 18.00 @ 30 .0 0
Feldspar.................................................................. ..........Ton 8 .00 @ 15.00
F uller’s E a rth , foreign, pow dered ................ ......... T on 3 5 .00
G lauber’s Salt, in b b ls ...................................... .100 Lbs. 65 @ 70
G reen V itriol, b u lk ............................................. .100 Lbs. 1.15 @ 1.20
H ydrochloric Acid, com m ercial, 18°............. ...........Lb. l 1/« @ I*/*
H ydrochloric Acid, C. P ., conc., 2 2 ° ........... .........Lb. 1*/« @ 1’/ .
Iodine, re su b lim ed ............................................. 3 .5 0 © 3 .55
Lead A cetate, w hite c ry s ta ls .....................................Lb. 14 @ 141/*
Lead N itra te ......................................................... ......... Lb. 15 V* @ 15'/»
L itharge, A m erican ............................................ ..........Lb. 8‘/ i © 9 V i
L ith ium  C a rb o n a te ................ .. ..........Lb. 1.02 @ 1.05
M agnesium  C arbonate, TJ. S. P .................... ......... L b. 24 @ 26
M agnesite, "C alcined” ..................................... 67 .50 @ 70.00
N itric  Acid, 36» .................................................... . .  . .L b . 5 '/ j © 5'/*
N itric  Acid 4 2 ° ..................................................... . .  . .L b . 6>/< © 6 ‘/ i
Phosphoric Acid, sp. gr. 1.750..................................Lb. 30 @ 32
Phosphorus yellow ............................................. ......... Lb. 80 © 90
P laster of P a r is . ........................................... 1.50 © 1.70
Potassium  B ichrom ate, casks...........................____ Lb. 37 @ 38
Potassium  Brom ide (g ranu lar).........................100 Lbs. 1.00 @ 1.05
Potassium  C arbonate, calcined, 88 @ 92% .,------ Lb. 45 © 75
Potassium  C hlorate, crystals, s p o t................ -------Lb. 61 @ 62
Potassium  Cyanide, bulk, 98-99 per cen t. , . .  M ix tu re 1 .50 © 1.60
Potassium  H ydroxide, 88 @ 9 2 % ................ ......... Lb. 86 © 88
Potassium  Iodide, b u lk ........... ........................ ......... Lb. 2 .90
Potassium  N itra te ......................................... 30 @ 32
Potassium  Perm anganate, b u lk ..................... 3 .8 0 @ 4 .0 0
Quicksilver, flask............................................... 115.00 @ 120.00
R ed Lead, A m erican, d r y ................................ 10 '/j © 10*/*
S alt Cake, glass m a k ers '.................................. ......... T on 18.00 @ 20.00
Silver N itra te ....................................................... ..........Oz. 45 '/«
Soapstone in b a g s ............................................... .........Too 8 .00 © 12.00
Soda Ash, 5 8 % ..................................................... . 100 Lbs. 3 .1 0 @ 3.15
Sodium  A c e ta te .................................................. 9 @ 91/*
Sodium  B icarbonate, dom estic ...................... . 100 Lbs. 1.95 @ 2.05
Sodium  B ichrom ate ..............■.............. ............. ..........Lb. 16 © 161/.
Sodium C h lo ra te .................................................. 24 25
Sodium  F luoride, com m ercial......................... ..........L b . — @ —
Sodium  H yposu lfite ........................................... .100 Lbs. 1.75 @ 1.85
Sodium  N itra te , 95 per cent, s p o t............... .100 Lbs. 3 .7 2  V* © 3 .7 5
Sodium  Silicate, liquid. 40° B é ................... .100 Lbs. 1.05 <3 1.25
Sodium  Sulfide, 30% . crystals, in  b b ls . . . . ......... Lb. 2V« @ 2V*
Sodium  Bisulfite, liquid, 32 s . g .................... .o iy * © ■ Ol*/*
S tron tium  N i t r a te . ............................................. 28 © 30
Sulfur, flowers, sublim ed.................................. . 100 Lbs. 2 .35 @ 2.75
Sulfur, ro ll............................................................. . 100 Lbs. 2 .20 © 2.25
Sulfuric Acid, cham ber, 6 6 °  B é ..................... ......... Ton 29 .00 © 30.00
Sulfuric Acid, oleum (fum ing)....................... 38 .00 40 .00
Talc, A m erican w h ite ....................................... 10.00 © 11.00
T erra  A lba, Am erican, No. I ......................... .100 Lbs. 85 © 90
Tin Bichloride, 5 0 ° ............................................ . 100 Lbs. 13.50
T in  O xide............................................................... 56 58
W hite Lead, Am erican, d r y ............................ 9 V* © 91/*
Zinc C arb o n ate .................................................... 24 © 26
Zinc Chloride, com m ercial.............................. 15 © 151/*
Zinc Oxide, Am erican process X X ............... ..........Lb. 12 V* © 121/,
Zinc S u lfa te .................................... ..................... 6Vi © 6»/,

O RGANIC CHEMICALS

Acetanilid, C. P., In bbla............................................. Lb. 45 © 50
Acetic Acid, 56 per cent, in bb ls................... ..........Lb. 7 ■/* © 8
Acetic Acid, glacial, 9 9 '/ i% . in carboys . . ......... Lb. 24 © 26
Acetone, dru m s.................................................... 22 © 23

Alcohol, denatured , 180 p roof..................... ............Gal. 66 8 67
Alcohol, grain, 188 proof............................... ............Gal. 2 .7 8 @ 2.80
Alcohol, wood, 95 per cent, refined----- ............Gal. 1.05 © 1.07
Amyl A ceta te ..................................................... ............Gal. 3 .5 0 @ 4 .0 0
Aniline O il........................................................... ............Lb. 271/* @ 28
Benzoic Acid, ex-toluol................................... ............Lb. 8 .0 0 @ 8 .5 0
Benzol, 90 per c e n t ..................................... 59 @ 60
C am phor, refined in bulk, bbls................... ............Lb. 90 @ 90 V ,
Carbolic Acid, U. S. P ., crystals, d ru m s .. ...........Lb. 43 @ 45
C arbon B isulfide............................................... ............Lb. 5V* © 61/.
C arbon Tetrachloride, drum s, 100 g a ls ... ............Lb. 151/. © 16
C hloroform .......................................................... ............Lb. 60 @ 61
C itric  Acid, dom estic, c ry s ta ls .................... ............Lb. 72 © 75
Creosote, beechw ood........................................ ............Lb. 1.75 @ 2.0 0
Cresol, V . S . P ..................................................... ........... Gal. 1.25 0» 1.30
D extrine, corn (carloads, b ag s)..................... .100 Lbs. 3 .45 @ 3 .5 0
D extrine, im ported  p o ta to ......................................... Lb. 121/* @ 13
E ther, U. S. P., 1900........................................ ..........Lb. 15 @ 20
Form aldehyde, 40 per c e n t . . . ....................... ......... Lb. 13 @ 13V*
Glycerine, dynam ite , drum s included ......... ..........Lb. 54V* © 55
Oxalic Acid, in casks......................................... ......... Lb. 45 @ 46
Pyrogallic Acid, resublim ed b u lk .................. ......... Lb. 3 .25
Salicylic A cid....................................................... ......... Lb. 80 @ 90
Starch, cassava .................................................... ......... Lb. —
Starch , corn (carloads, bags) p e a r l.............. .100 Lbs. 2 .45 @ 2.50
S tarch , p o ta to ...................................................... ......... Lb. 12 V* @ I2V*
Starch , rice ............................................................ ......... Lb. 8 @ 8V»
F lour, sago............................................................ ......... Lb. 4»/* © 5
Starch , w h eat....................................................... ......... Lb. 5 © 6
Tannic Acid, com m ercial................................. ..........Lb. 65 @ 70
T arta r ic  Acid, c ry s ta ls ........................ ......... Lb. 85 © 86

OILS, W AXES, ETC.

Beeswax, pure, w h ite .................................. 52 © 54
Black M ineral Oil, 29 g ra v ity ................. 131/1 @ 14
C astor Oil, N o. 3................................. ................ Lb. 19V* © 20
Ceresin, yellow ............................................. ................ Lb. 14 @ 18
Corn Oil, c ru d e ............................................ 12.25 @ 12.50
Cottonseed Oil, crude, f. o. b. m ill........ ................Gal. 89 © 89'/*
Cottonseed Oil, p. s. y ............................... I3V* @ 14
M enhaden Oil, crude (so u th e rn )............ nom inal
N e a t’s-foot Oil, 2 0 ° ..................................... 1.20 @ 1.30
Paraffine, crude, 118 to  120 m. p ........... ..................Lb. 61/, © 6*/.
Paraffine Oil, high viscosity ..................... ................ Gal. 291/» @ 30
R osin, "F ” G rade, 280 lbs........................ ................ Bbl. •6.15 @ 6.,25
Rosin Oil, first ru n ...................................... 37
Shellac, T. N .................................................. ................ Lb. 52 © 53
Sperm aceti, cake.......................................... ................ Lb. 24 © 25
Sperm  Oil, bleached w inter, 3 8 ° ............ ................Gal. nom inal
Spindle Oil, No. 200................................... ................ Gal. 24 © 25
Stearic  Acid, double-pressed.................... ................ L b. 151/* @ 16
Tallow , acidless............................................ 1 .04 @ 1.05
T a r Oil, d is tilled ........................................... 30 @ 32
T urpen tine, spirits o f ................................. ................ Gal. 52

M E T A L S

A lum inum . N e. 1, ingo ts ............................................Lb. 57
A ntim ony, o rd in a ry ......................................................Lb. 32
B ism uth, N . Y ................................................................Lb. 3.05
C opper, e lectro ly tic ........................................................ Lb.
Copper, la k e ......................... ...........................................Lb.
Lead, N . Y .................................................................100 Lbs.
N ickel, e lectro ly tic........................................................L b . 50
P la tinum , refined, s o f t ................................................. Oz.
S ilver.................................................................................. Oz.
T in   ..........................................................................Lb.
T ungsten  ( W Oa).................................................P e r U n it 17.00
Zinc. N . Y .................................................................. 100 Lbs.

F E R T IL IZ E S  M A T E R IA L S

A m m onium  S u lfa te ................................................ 100 Lbs. 5 .2 5
Blood, dried f. o. b . C h icago .................................... U nit
Bone, 4 and  50, ground, ra w ............................... Ton 32 .00
Calcium  C y an am id .............................U n it of A m m onia
Calcium  N itra te , N orw egian............................. 100 Lbs.
C asto r M ea l..................................................................   .U n it
F ish Scrap, dom estic, dried, f. o. b. w orks U nit nom inal
P hosphate, acid, 1 6 p e r c e n t .......................................T on 11.50 @ 11.75
P hosphate  rock; f. o. b. mine:

F lorida  land pebble, 68 per c e n t.................... Ton 2 .0 0  @ 2 .1 0
Tennessee, 78-80 per c e n t................................ Ton 5.00 @ 5 .50

Potassium  “ m uriate .”  basis 80 per c e n t............... T on 415.00 @ 425.00
P yrites, furnace size, im p o r te d .....................   U nit nom inal
T ankage, high-grade, f. o. b. C hicago...................U n it 4 .2 5  & 10

@ 59
@ 33
@ 3 .1 0

36 
36

9 .75 
@ 55

105.00
73
53V*

@ 17.50
10.00

©  5 ,5 0
4 .3 0  

@ 33 .00
3.25
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President

P. S* Order WHATMAN through your 
regular Dealer who will furnish samples
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;.Fi l t e k B u >e r s
H . R e e v e  A n g e l s . C o ..In c .

120 L i b e r t y  S t r e e t

N e w  Y o r k  C i ly

To the AMERICAN CHEMIST 

Dear Sir:-

Thie booklet ■—  just from the press —  
contains information about WHATMAN Filter Papers 
and gives typical applications of the various 
grades.

It will assist you to determine the 
ViHAT.VAm grade beet suited to your requirements, 
—  a grade which day be more suitable than the 
one you now use —  and perhaps more economical.

If you have any difficulty in making 
your selection, our Service Department will 
gladly assist you.

copy.
Do not fail to write to-day for your

Yours very truly,

H. REEVE ANGEL & CO., INC.
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SANBORN
Single and Multiple Effect

EVAPORATORS
FOR ALL DUTIES

Sanborn Single and Multiple Effects for evaporation and distillation; adapted to 
any duty and built of metal or alloy suited to operating conditions} made in any 
size and in combinations securing highest economy. Under this system, true 
film evaporation is obtained without the aid of any mechanical devices, by means 
of the shape and grouping of the heating elements.

No moving parts, fewest joints and minimum cost of up-keep. Gases evolved 
during operation can be entirely removed and utilized, if desired.

N O T E : —  The Sanborn System is applicable to many types of 
existing installations at small expense, reducing up-keep costs and 
increasing the efficiency from 50 to 100 per cent.

For conditions when film evaporation is not desired, we build improved sub
merged tube apparatus to meet the particular requirements.

S E N D  F O R  C A T A L O G U E

ENGINEERS, DESIGNERS AND MANUFACTURERS 
o f General Equipment

W R IT E  US

SANBORN EVAPORATOR COMPANY
SO B R O A D  S T R E E T , N E W  Y O R K  C I T Y
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Here’s your chance, gentlemen!

Some man in your organization should be kept informed 
of economy records in metal treatment.

The Nichrome Carburizing Box, through its ability to 
resist scaling, distortion and cracking, is making some en
vious records.

Why keep that man in the dark?
The coupon below will make sure that he gets inside 

information.

Nichrom e
Carburizing Box

i c h r o m e
Patented

Refractory Cements

Driver-Harris Wire Co., Harrison, N.J.

Please keep this man posted on records of the 
Nichrome Carburizing box.

M r.............................................................................. .........

Address...............................................................................

The numerous applications for Alundum cement 
for the electrical insulation of high tem perature de
vices have become increasingly im portant as the prop
erties of these mixtures have become better known.

The cement RA 162 has been found generally serviceable and 
may be used for the preparation or repair of many electrical heat
ing devices in the laboratory and in the shop. This is supplied in 
the dry powder form and after mixing with sufficient water to make 
a plastic mass, may be applied readily, dried and burned to a 
perm anent hard shape.

Are you making use of this new composition?

N o r t o n  C o m p a n y
W ORCESTER, M ASSACH USETTS. U. S. A.

R efractories S ales D epartm ent
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P-W-R CHEMICALS P-W-R
A FU LL L IN E

of Standard Purity and Excellence
Complete List on Request

SUPPLIED BY DEALERS THROUGHOUT THE UNITED STATES

POWERS-WEIGHTMAN-ROSENGARTEN CO

Laboratories and

G eneral Offices

Philadelphia

B ranch H ouses

N ew  Y o rk  
S a in t Lou is

MAIN LABORATORIES

A  L E A K IN G  V A L V E  in  an  acid  p la n t is like a spendthrift whose extravagance more than offsets the econ
omies of a provident parent. How to cure either is a problem. We believe we have cured the leaking valve,

This cut is merely suggestive. W hile we make 

thousands o f  cocfe l i fe  it, the real purpose o f  this 

" a d "  is to invite your attention to our

NEW  ACIDURTH  
LEAK-SAVER VALVE

(P a te n t applied for)

W rite fo r  p articu lars and stale your  
norm al requirem ents

A C I D U R T H  E Q U IP M E N T  M A D E  I N  C A L IF O R N I A  B Y

S T E I G E R  T E R R A  C O T T A  A N D  P O T T E R Y  W O R K S

729 M IL L S  B U IL D IN G SA N  F R A N C IS C O , C A L IF O R N IA
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ELYRIA

C losed Ja c ke te d  S t i l l  
w ith  A g ita tor  

an d  C ondenser. 
100 to 1000 gal.

Acid a n d  A lk a l i  R e s i s t a n t  
Glass Enameled A pparatus

The Chem ical Resistance equal to “ Chem ical”  Glass. 

M echanical strength equal to steel. 

P ro o f against damage by alternate heating and cooling.

T h e  il lu s tr a tio n  sh o w s a

STILL WITH AGITATOR AND CONDENSER
T h is  is a  s till h a v in g  a ja c k e t, a  special a g ita to r  and  a  reflux condenser 

a tta ch e d  to  a special o u tle t. J a c k e ts  can  b e h a d  o f a n y  len gth  desired  an d  th e  
arran gem en t can  be ch an ged  to  su it special con d itio n s. M a d e  in a n y  size up  to  
500 gallons, w ith  or w ith o u t sin gle or d ou b le m otio n  a g ita to rs.

We can furnish Storage Tanks, Stills, Vacuum Pans, Autoclaves,
Closed Jacketed Tanks, also Agitators or Mixers of any type, Con
densers, Pre-Heaters, Coolers, etc. Practically all of our 
apparatus is specially designed to suit our customers’ needs.

COMMUNICATE WITH US

T he Elyria Enameled Products Com pany
Elyria, O h io

N e w  Y o rk , 5 0  C h urch  Street Chicago, 1033  W . Lake Street
P ittsburgh, 1237  O liv er Bldg. San Francisco. 16  California Street

Los A ngeles, California, 3 2 0  S to ry  B uilding

SOLE AGENTS FOR SALE 
TO THE UNITED STATES

20/21 QUEENH1THE,
LONDON, E. C.JOHNSTON, HORSBURGH &  CO.,

H a n d -m a d e Laboratory F ilter Papers o f  the highest quality

G rad es  J. G .  5 7 5 ,  5 9 5 ,  5 9 7 ,  5 9 8 ,  6 0 2  and 6 0 4

Supplied in the ream, in flat circles, 
and in H and Folded Circles

S O X H L E T  E X T R A C T I O N  T H I M B L E S

Stocked by principal dealers

Are you in need of Equipment 
or Materials?

Refer to the Classified List of Chemical Equipment
on Pages 30-44

American Chemical Society
35 East 41st St.  

N E W  Y O R K , N . Y .
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W O R K S  L I K E  A  T Y P E W R I T E R

lie Heusser Assay and Analytical Balances
No accidental jarring or draught disturbances

P ress one or m ore k e y s  and  th e  w eig h ts  y o u  w a n t go  dow n  on the pan  h an ger and s ta y  
th ere. R a ise  th e  k e y s  and  th e  w eig h ts  go  b a c k  in to  p la ce  again . T h ese  op eratio n s are 
perform ed w ith o u t op en in g tire b a la n ce  case. R a p id  and  a cc u ra te  w eig h in g  is th e  resu lt. 
S u b sta n tia l and  d u ra b le— -all th a t  a  fine b a la n ce  should  be, p lu s th e  con ven ien ce o f th e  a u 
to m a tic  arran gem en t to  sa v e  y o u r  tim e an d  render y o u r  w o rk  ea sy  and  sure. Sen d  fo r  fu ll 
description-— th ere  are m a n y  in terestin g  d eta ils th a t  w e w ill g la d ly  exp lain .

Laboratory Apparatus

Chem icals In str u m en ts
Coors Porcelain

Massco Clay Goods  
Scorifiers M uffles

Better Crushing and Grinding at Lower  
Cost

Assay Furnaces, Crushers, Pulverizers—we 
are headquarters for Laboratory Supplies. 
Ask for bulletins on various lines handled, or 
catalog of our complete line. We fill orders 
promptly.
Complete stocks carried in Denver, Salt Lake 
City and El Paso.

W h en  y o u  p urch ase A b b é  E q u ip m e n t it  is n o t sim p ly  a  case o f b u y in g  a  B a ll or P e b b le  

M ill, a C u tte r, C rush er, P ressure B lo w er or V a cu u m  P um p. I t  is a case o f g e ttin g  th e  

resu lt o f conscien tious E n gin eerin g S erv ice  b ased  on m a n y  yea rs  o f experience in  th is 

p a rticu la r field.

A n d  th is  service  m eans P ro m p t serv ice  as w ell. W e c a rry  in  sto ck  o v er 100 m ach in es 

and can u su a lly  m a ke p ro m p t deliveries.

I f  yo u  are lo o k in g  for large  c a p a c ity , low  pow er consum ption , continuous op eration — in 

short, S A T I S F A C T I O N — then  in v estig a te  A B B É  E qu ip m en t.

A B B E P E B B L E  M IL L  
(P aten ted )

F o r W et or D ry  G rinding, F o r C harging 
C apacities up  to  4,000 Pounds, Lined 

w ith  e ither Silex, Porcelain,
C ast Iro n  o r Steel

Abbé Engineering Co.
222 B road w ay N e w  Y o r k

The Mine & Smelter Supply Co.
D E N V E R  S A L T  L A K E  C I T Y  E L  P A SO

N ew  Y o r k  O ffice , 42 B ro a d w ay

Use Our Testing Laboratory
W e m ake no charge for grindin g, crushing, c u ttin g  or m ix

ing sam ples and  su b m ittin g  fu ll rep o rts on su ita b le  m achines. 

W e op erate  a con sid erable n u m ber of m ills fo r  th is  purpose.

G et in touch with us



Do You Need 
Pyrometers ?

I f  y o u r  w o rk  requires th e  a ccu rate  register
in g  and  record in g o f h igh  tem p eratu res y o u  
need a  p yro m eter.

G ra n tin g  th a t, th e q u estion  arises, "w h ich  
p yro m ete r to  b u y ? ”

U n d o u b te d ly  y o u  w a n t th e  b est for a ccu racy , 
d u ra b ility  and  for y o u r  sp ecia l requirem ents.

A  carefu l com parison  o f o th er ty p e s  w ith  
H eraeu s L e  C h a te lie r  P yro m eters  w ill lead  to  
th e  selection  of th e  la tte r  b ecau se no p o ssib ility  
for p erfectio n  h as b een  overlo o k ed  in H eraeus 
P yrom eters.

W e are eager to  su b m it th e  fa cts  an d  acco m 
p lishm en ts as co n tain ed  in B u lle tin  N o . 2.

W h en  m a y  w e do so?

Charles Engelhard
30 Church Street New York City

.  ' £■  • »  ^ 

rmuttttr

Kennicott-Sargent
— and—

Campb ell-Hurley 
Colorimeters

R eco m m en d ed  fo r  ra p id ity  w h ile  m a in ta in 
in g  th e  h igh est efficien cy. T h e  sta n d a rd  and 
u n kn ow n  solutions com e in  c o n ta c t w ith  glass 
on ly.

No. 1354'—is a Binocular instrument showing 
two large discs of color about l/ \  inch apart.

No. 1355—is a Monocular instrument showing 
one small disc of color divided perpendic- 

£ ularly.
Som e ob servers p refer th e  tw o  large discs 

w h ile  oth ers p refer th e  sin gle d iv id ed  disc. T h e  
cam era o f N o. 1354 is rem o v ab le  for storin g.

Price of either instrum ent, F. O. B. Chicago, $19.80

F u ll particulars upon request

N o . 1354— K e n n ic o t t- S a rg e n t  
C o lo r im e te r

N o . 1355— C a m p b e ll-H u r le y  
C o lo r im e te r

Importers, Makers and Dealers in Chem icals  
and Chem ical Apparatus o f High Grade only

125-127 W EST LAK E ST R E E T C H IC A G O , ILLIN O IS
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Crowell Compressors 
and j| 

Vacuum III 
Pumps figi]

Norman Hubbard’s Sons
HIGH GRADE

VACUUM PUMPS

SIN G L E
S T A G E

R O T A R Y

The total absence of valves, springs, gears or un
balanced parts gives trouble-free operation.

Our customers state that their Crowells run for 
years without attention other than such necessary 
care as any machine will require in order to keep it 
in workable condition.
This machine is economical both in power and in 
floor space required for its installation. M ade in 
ten standard sizes from 2 to 400 cu. ft. per minute 
capacity, for pressures up to 25 lbs. or a vacuum of 
2 9 ' to 30".

S e n d  fo r  d e s c r ip t iv e  c a ta lo g

Crowell Manufacturing Co.
290 T a affe  P lace, B rooklyn , N . Y .

267 W A T E R  S T R E E T , B R O O K L Y N , N . Y,

T H E  S P E R R Y  F I L T E R  P R E S S

is a carefu lly  b u ilt and rugged m achine. A ll p arts 
are m achined w ith  great accu racy . O n ly  the best 
grade of cast iron and cold-rolled steel sh aftin g 
is used.

C lo th s w ear longest on our p aten ted  p late  surface.

W e can so lve yo u r F iltratio n  Prob lem s in our 
L a b o ra to ry — on ly  scientific m ethods em ployed.

V ie w  in  o u r  
p l a n t  s h o w in g  
t h e  m a s s iv e  
c e n te r  h e a d  u s e d  
in  t h e  S p e r r y  
d o u b le - e n d e d  
f i l t e r  p r e s s , 
w e i g h t  o v e r  
2000 p o u n d s

K R. SPE R R Y & CO., Manufacturers
B A T A V IA , IL L ., N ear C H IC A G O

A g e n t fo r  N . Y . C ity  a n d  V ic in ity , H . E . JA C O B Y , 95 L ib e r ty  S t . ,  N« Y .

L e s s  t o r  I
FILTERING

Y o u  can get along with less attendance, 
less cloth replacement and less wash water 
if you do your work with

SHRIVER FILTER PRESSES
Their wide joint and accurate plate sur
faces, smooth castings and bevelled edges 
have boosted dividends for many firms.

Write to

T. S H R IV E R  &  C O .
Office and Works, 830 Hamilton St., HARRISON, N . J.
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No w R e a d y

A  GERMAN-ENGLISH  
DICTION A R  Y  

FOR CHEMISTS
B y  A u s t i n  M . P a t t e r s o n ,  Ph.D . (Johns Hopkins), 

formerly Editor of Chemical Abstracts; Editor of Chemical 

Terms for W ebster’s N ew  International Dictionary

T H E  b o o k  con tain s o ver 30,000 defin itions, an d  includes term s from  a ll b ran ch es o f C h em 
is tr y  and  th e  va rio u s ch em ical industries, also su ch  term s from  allied  sciences as are lik e ly  
to  a p p ear in  ch em ical literatu re .

I t  is u p -to -d a te  on ra d io a c tiv ity , collo idal ch em istry , e tc ., and  defines m a n y  com m on  a b b re
via tio n s  seldom  foun d in th e  d iction aries.

A s  a  n ovel fe a tu re  it  includes a gen era l v o c a b u la ry  e q u iv a le n t to  a  go od  p o c k e t d ictio n a ry , 
so th a t  th e  user n eed n o t refer to  a  sep a ra te  w o rk  fo r  th e  m ore com m on  G erm an  w ords. T h e  
m ean in g w h ich  a  gen eral w ord  u su a lly  h as in  ch em ical a rtic les is p la ced  first.

Those concerned with chemistry in any of its numerous'branches 
will find this book an invaluable aid to them in their work.

332 p ages, 5 x 7. F lex ib le  b in d in g . $2.00 n e t.

J u s t  P u b l i s h e d

MICROSCOPIC EXAMINA TION OF STEEL
' B y  Professor H e n r y  F a y ,  Ph.D ., D.Sc., Professor of A nalytical Chem istry, Massachusetts Institute 

of Technology.

T h is  b o o k  w ill p ro v e  o f v a lu e  to  ev eryo n e in terested  in th e  in spection  of steel. I t  p resen ts 
an  o u tlin e  o f m eta llo gra p h ic  m ethods, illu s tra tin g  ty p ic a l exam ples.

86 pages, 6 x 9 ,  illus. Cloth, $1.25 net.

BULLENS— S teel an d  Its  H e a t T reatm ent.

This book brings together the theoretical and 
practical sides of the general subject of steel 
and its heat treatment.

438 pages, 6 x 9 ,  illus. C lo th , $3-75 n e t-

FREE EX AM INATION O F F E R -N O  CASH  IN ADVAN CE T
T hese books will be sen t to  you for 10 d a y s’ free exam ination  I

no cash in advance. M erely  ind ica te  on th e  coupon if you are  a  .
m em ber of th e  Am. C hera. Soc., o r a  subscriber to  th e  J r . of In d . &
Eng. Chem . I f  n o t a m em ber or a  subscriber, you can  supply  a  |
reference, or s ta te  y ou r position . I

Y ou a re  to  rem it th e  price of th e  books w ith in  10 days  a fte r f
th e ir  receip t o r re tu rn  them , postpaid , w ith in  th a t  tim e.

JO H N  W I L E Y  &  SONS, Inc. j
432 Fourth Avenue, NEW YORK CITY  \

L o n d o n : C h a p m a n  &  H all, L td .

Montreal, Canada: Shanghai, China: Manila, P . I.: |
Renouf Publishing Co. Edward Evans & Sons, Ltd. Philippine Education Co. |

I

U PTO N — The S tru ctu re  an d  P roperties of the M ore  

Common M ateria ls of Construction.

T h is  b o o k  covers a ll th e  m ore com m on m a 
teria ls , a lloys, steels o f d ifferen t ty p e s, etc. 

332 pages, 6 x 9 ,  illus. C lo th , £2.50 net.

FE.EE e x a m i n a t i o n  c o u p o n
John  W iley Sons, Inc.

432 F o u rth  Ave., N . Y . C.
G entlem en: K ind ly  forw ard me for 10 days’ free exam ination th e  

following books:

I  will forw ard th e  am o u n t of th e  books w ith in  10 days a fte r 
th e ir  receip t or re tu rn  th em  postpaid , w ith in  th a t  time.
N a m e ............................................................................................................................
A ddress ...................................................................   „

In d ic a te  on th e  following line if you are  a  m em ber or a  subscriber; 
o r you can  give a  reference, o r s ta te  y o u r position.

Jr. I. & E. C  4-17
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R E C E N T  I M P O R T A N T  M c G R A W -H IL L  BO OK S
SE N T  O N  A P P R O V A L FO R  F R E E  E X A M IN A T IO N

Megraw — T he Flotation Process
B y H e r b e r t  A . M e g r a w ,  M ining and M etallurgical Engineer, 

member Editorial Staff E n g in eerin g  and M in in g  J o u rn a l. 250 
pages, 6 X  9, f u l ly  illustrated, $2.50 net, postpaid.

A  com prehensive discussion o f th e  flo ta tio n  process, 
w h ich  tou ches a ll th e  essen tia l po in ts concern in g 
flotation , its  th e o ry  and  a p p licatio n . Theory aiid 
practice are brought u p  to the m iddle o f  1916.

T h e  discussion of th e o ry  confines itse lf to  details 
su scep tib le  o f proof. I t  succeeds in b asin g flo tatio n  
on a  few  sim ple p h ysica l fa cts.

A  large p a rt o f th e  b o o k  is d ev o te d  to  a  record  of 
flo tation  p ra ctice  a t  th e  m ills th a t  h a v e  m ade a  te ch 
n ical an d  p ra ctica l success o f it. T h e  m ethods fo l
low ed  are described in detail.

H eath — T he Analysis of Copper
A N D  ITS ORES A N D  A LLO Y S

B y  G e o r g e  L. H e a t h ,  Chief Chemist, Calum et &  Hecla 
Smelting Works, M em. A. I. M . E ., Am. Chem. Soc., etc. 
292 pages, 6 X 9 ,  illustrated, $3.00 net, postpaid .

T h e  firs t con n ected  a cco u n t o f th e p rin cip a l m ethods 
em p lo yed  in th e  an a lysis  o f copper, its  ores and  a llo ys, 
b y  th e  lead in g refineries, foun dries an d  cu sto m  sam plin g 
w orks.

T h e  b o o k  is rep resen ta tiv e  o f th e  b e st p ractice.

T h e  a u th o r has h ad  th e  b ro a d est experience and  shows 
a  th o rou gh  fa m ilia r ity  w ith  th e  m ethods, in  general 
use, fo r  th e  con tro l o f operations and  v a lu a tio n  of 
m aterial.

T h e  w o rk  is inten ded  fo r  th e  tech n ica l ch em ist and 
th e  a d va n ced  stu d en t. G r e a t em phasis is la id  on th e  
n ecessity  o f correct sam pling.

Bacon and Ham or— The Am erican Petroleum  Industry
B y  R a y m o n d  F o ss B a c o n ,  Ph .D ., Director of the Mellon In

stitute of Industrial Research, and W i l l i a m  A l l e n  H a m o r ,  
M .A ., Assistant to the Director of the Mellon Institute of Indus
trial Research. Volume I. 456 pages, 6 X 9 ,  155 illu stra tio n s. 
Volume II. 519 pages, 6 X 9 .  174 illu stra tio n s. P e r  S et, $10.00 
net, postpaid.

A  com prehen sive and  a u th o r ita tiv e  trea tm en t o f 
th e  A m erican  p etro leu m  in d u stry  is n ow  a va ila b le . 
I t  is th e first to  co ve r p resen t-d a y  A m erican  p ra ctice  
and  is d istin ctly  m odern in e v e ry  respect.

T h e  w o rk  has been produced  w ith  g re a t th o ro u g h 
ness and  care un der th e  m ost fa v o ra b le  conditions. 
M u c h  research  w o rk  on problem s in conn ection  w ith  
th e petroleum  in d u stry  h as been co n d u cted  a t  th e  
M ello n  In stitu te  o f In d u stria l R esea rch  under th e  
sup ervision  of D r . R a ym o n d  F oss B aco n , D ire cto r  
o f th e  In stitu te , an d  on e o f th e  a u th o rs o f th is w ork.

T h e  p resen t w o rk  w as u n d ertak en  a t  th e  u rgen t 
req u est of p rom in en t petroleu m  techn ologists.

METALLURGISTS and CHEMISTS’ HANDBOOK
LIDD ELL

B y  D o n a l d  M . L i d d e l l , C o n su ltin g  M e ta llu rg ica l 
E n g in eer an d  M a n a g in g  E d ito r  o f th e  Engineering and  
M in in g  Journal. 603 pages, 4 X 7 ,  flexib le leather, 
illustrated, #4.00 net, postpaid.

A  co m p a ct referen ce p o ck etb o o k  o f ta b le s  an d  d a ta

for th e  m eta llu rg ist and  chem ist.

S ix  hun dred  pages, p a ck ed  w ith  tables, form ulae, 
con stan ts, and  sim ilar referen ce d a ta  to  su p p ly  th e 
fa c t  or figure w h ich  y o u  w ou ld  oth erw ise spend hours 
in search in g for.

Send No M oney— Just the Coupon
Our Free Examination Offer enables you to examine these or 
any other McGraw-Hill books for ten days in your own home or 
office without incurring any obligation to purchase if dissatisfied. 
Send no money. Merely fill in and mail the coupon.

McGraw-Hill  Bo o k  G x in c
2 3 9  W e s t  3 9 t h  S t r e e t .  N e w  Y o r k  

Lo n d o n :H i l l P u b l i s h i n g  C o ..l t d .
6 & S B O U V E R I E  S T , E .C .

F R E E  EXAMINATION COUPO N
McGraw-Hill Book Company, Inc., 239 West 39th St.f New York 

\ o u  m ay  send m e th e  following on 10 days’ approval. I  agree"to 
p a y  for or re tu rn  postpaid  w ith in  ten  days  of receipt.

1

Signed....
Address..

Reference   ....................... .................. ............ ... .......... .......... .....................

(Reference not required o f  members o f  the Am erican Chemical 
Society. Books sent on approval to retail customers in  U . S .  and 
Canada only.) j .  j .  j?. Qm 4


