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EDITORIALS
T H E  IN D E X  TO C H E M IC A L L IT E R A T U R E

U nder this title, the U. S. P aten t Office has pub­
lished a statem ent1 describing the work undertaken 
b y the Classification Division, so as to enable rapid and 
com plete searches to be made on an y subject of chem i­
cal literature. This is a gigantic piece of work, em ­
bracing not m erely patent literature, but practically 
all fields of chemical literature.

Before the chemical card index was commenced, 
anything like a com plete search of the literature was 
practically  impossible, and the va lid ity  of chemical 
patents was more or less in d o u b t; for, after the most 
elaborate search possible was made, a five-line para­
graph in the files of some little  known chem ical journal 
published in Japanese, Russian or other not readily 
understood language, would be sufficient if cited in 
court to invalidate the granted patent.

It will be several years before this card index is 
complete, although much assiduous w ork is being done 
on it. In the meantime, enough has already been 
accomplished th at anyone m aking a  search on 
the literature of a chemical subject, can save much 
labor and tim e b y  consulting the index of the P aten t 
Office. I t  should be noted th at the index is accessible 
not only to the examiners of the Paten t Office, but to 
patent law yers practising before the office, as well as 
to chemists and scientific workers all over the land. 
Hence, this card index is becom ing a national monu­
ment to chemical literature.

For those not living too far aw ay, a visit to W ash­
ington to consult the index m ay prove the shortest 
and cheapest w ay to m ake a search in chem ical litera­
ture. I t  would be highly desirable, however, if 
duplicates of this index could be obtained for the more 
im portant libraries all over the country. I t  is true 
th at copying this card index w ould be rather expensive, 
but there is no doubt th at the enormous value of such 
a copy would be fu lly  worth the expense. W h y could 
not some of the libraries of the country work together 
and have several copies printed at the same time, and 
thus distribute the cost of the task  among them ­
selves?

I t  is interesting to quote from the report m entioned 
a b o ve:

“ In planning the chemical card index, since it was mani­
festly impossible to index all chemical literature, it was de­
cided to cover the work of the past by making a judicious selec­
tion of certain works of a general nature, such as the 2o-volume 
work of Gmelin, the annual volumes of the Chemical Society of 
London, the 4-volumc edition of W a tts ’ “ Dictionary of Chem­
istry,”  Richter's "Lexicon of Carbon Compounds,”  and other 
works of that character; by indexing these works the literature 
of the past would probably be as completely covered as it could 
be by any plan which the office had the force and means avail­
able for accomplishing.”

“ For the future it was proposed to keep the abstract journals
1 A ppendix  K  of the  R eport of the  In v es tig a tio n  of th e  U . S. P a te n t 

Office, by  the P res id en t’s  Commission on E conom y and  Efficiency, D ecem ­
ber, 1912. H ouse of R epresenta tives, 62d Congress, 3d  Session, D ocum ent 
N o. 1110.

of the Chcmical Society of London, the German abstract 
periodicals, Bcrichtc and the Ccntra/blall, and other works of 
that character indexed up to date.”

“ Later when the Am erican Chcmical Society, in '1907, com­
menced the publication of its very complete set of abstracts, it 
was determined to omit the periodicals in German and other 
foreign tongues, and retain in the card index only the yearly 
index volume of the Chemical Society of London in addition to 
the American abstracts.”

The above reference to the usefulness of the abstracts 0] 
the American Chemical Socicty would be decidedly more 
satisfactory i f  it were not- accompanied by the following 
statement:

"T h e  question has been raised whether the annual index 
of the Chemical Socicty of London is not duplicated by the 
work of the American abstractors to such an extent as to render 
it useless to include both publications in the index.”

“ It is found upon comparing the published lists of the pub­
lications indexed by each set of abstracts as follows: 

Publications abstracted by the London So­
c ie ty ........................................................................ 101

Publications abstracted by the Am erican So­
c ie ty .......................................................................  516

Publications abstracted by the London So­
ciety not abstracted by the A m erican . . . .  29

These 29 publications not covered by our American workers 
include the following viz.: German, 8; English, 12; Dutch, 
Swedish, and French, 2 each; and 1 cach of Italian and 
Japanese.

"Com paring 6 pages of the English Socicty Index of 1909 
w ith the corresponding Am erican work of the same year it is 
found that out of 256 articles and monographs indexed by the 
English workers, 159 of these articles were not in any way 
referred to in the Am erican Society A bstracts.”

"These two facts together seem to fully answer the question, 
and show the necessity of including both works in the index.’ 

M ay this criticism  stim ulate our American ab­
stractors to greater zeal and accu racy, aside from the 
fact th at m any justified criticism s have been made 
th at in some instances the abstracts are carelessly 
drawn up and g ive  a very  wrong idea of the originals.

Various difficulties were encountered in outlining 
a general plan for the index. If chem ical bodies each 
had b u t one instead of several names, and if in chemical 
literature one never m et w ith  bodies as y e t unnamed 
and therefore referred to  b y  chem ical formulas only, 
then undoubtedly the d ictionary plan pure and simple,, 
w ith the names of the substances alphabetically 
arranged and the references to literature and patents- 
collected under their proper titles, w ould answer every 
requirement, and w ould be, in fact, the only proper 
system  to use. P ractically , however, most bodies 
known to chem ists have a  p lu ra lity  of names, and the 
names approved and used in prior decades are generally 
not the names in highest repute nor in ordinary use 
to-day, nor is it a t all sure th a t the names now in use 
will in m ost or even in m any cases remain in use in 
years to come.

W here a chem ical com pound has several names (as- 
indeed is usually the case), were it possible to decid
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now (which perhaps m ight be done) which one of them 
is, on good scientific grounds, the m ost appropriate 
for index purposes in view  of present knowledge, and 
further (which of course could not be done), could 
one be assured th at such name would remain the 
approved name for all future tim e, such title could, 
without hesitation, be now adopted as the indexing 
title, under which all references to literature or patents 
could be entered, and all other titles and nam es cross- 
referenced into it; but while this m ight be done now 
in certain cases, which and how m any of these names 
now used and approved will remain in use in years 
to come is som ething th at no one can a t present de­
termine. E vid en tly  the d ictionary plan, unmodified, 
was not the best, and some better system  had to be 
devised not open to these objections.

The system adopted w as based on the chem ical 
formula. In establishing for the P aten t Office a  card 
index to chemical literature, it was therefore decided 
to use, as an indexing basis, the kind and num ber 
of the component atom s of a chem ical compound, 
these being its m ost unvarying characteristics, being 
subject only to errors of chem ical analysis, and being, 
therefore, the most stable and unchanging basis for 
any scheme for the indexing and digesting of chem ical 
literature: a conclusion reached a t about the same tim e 
independently b y  Richter, as illustrated in his since 
published Lexicon der Kohlenstoff-Verbindungen, and 
by other later workers in this field, the P aten t Office 
system differing from  th at of R ich ter in being sim pler 
and of more general application.

It was found th at the sim plest, most certain, and 
most direct system , was to rewrite the so-called em ­
pirical chemical form ula in a p articu lar manner, th at 
is to say, to write the atom s in the alphabetical order 
of their chemical sym bols, upon lib rary  catalogue 
cards of standard size, and place these cards, ar­
ranged in a lp h a b e tica l, order, in standard library 
cases. For exam ple, take the follow ing chem ical 
compounds:

(CH3)2C,H ,(N 0 2)2.........................  D initrobutane
(CHj),CHN0 2................................  Isopropylic nitrite
KHjC30 4..........................................  Potassium  acetate
CH3CI...............................................  M ethyl chloride
Cu(As0 2) ,........................................ Copper arsenite

Rewriting them and arranging them  alphabetically  
by formulas instead of titles, they are:
As,CuO,................................................ Copper arsenite
OH3CI...................................................  M ethyl chloride
C:H,KO(..............................................  Potassium  acetate
CjHjNO,..............................................  Isopropylic nitrite
C(HsN20 , .............................................  D initrobutane

Pr e l im in a r y  r e p o r t  u p o n  a  p r a c t i c a l  a c c e l e r a t e d

TEST FOR PAINTS AND VARNISHES1
B y  A . M . M u c k e n f u s s

There being com p aratively  few  constants in nature,

, 1 Author's a b s trac t of p ap er p resen ted  a t  th e  M ilwaukee m eeting  of
* American Chemical Society. M arch 25-28, 1913.

I t  should be noted, however, th at the com pounds 
containing carbon and hydrogen, and broadly included 
in the dom ain of organic chem istry, constitute so large 
and im portant a class th at it is fu lly  justifiable to de­
p art slightly  from the strictly  alphabetical arrange­
m ent of chem ical sym bols, and w rite C alw ays first 
and H accom panying C alw ays second, in order to 
bring more closely together in the index bodies more 
or less closely related in chem ical and physical proper­
ties.

In practice, therefore, the- following general rule 
has been followed in com piling the chem ical card index 
of the P aten t Office: R eject w ater of crystallization
and rewrite the em pirical form ula in the alphabetical 
order of the chem ical sym bols, excep t th at in carbon 
compounds, C is to be w ritten first and H second. 
Follow  this rewritten form ula w ith  the constitutional 
formula, when given, adding the w ater of crysta lliza­
tion, if any, but arrange the cards alphabetically  
b y  the rew ritten formula.

The reason for disregarding w ater of crystallization 
m ay be illustrated as follows: The three bodies,
N a,SO , or anhydrous sodium sulfate, N a2SO < + 
ioH jO  or G lauber’s salt, and the h eptahydrated  salt, 
N a,SO , +  7H 20, are in this w ay  indexed under the 
same indexing form ula, NajO^S, and are thereby 
brought together, as th ey  should be, for in solution 
they are chem ically identical. If, on the other hand, 
w ater of crystallization were taken into account for 
indexing purposes, the corresponding indexing form u­
las would become N a20 4S, H 20N a2O,,S, and H ,4N a2O nS, 
respectively, and these three p ractica lly  identical 
bodies would, in consequence, be w idely separated 
in the index, w hich result w ould evid en tly  be a very  
undesirable one.

The index was commenced and has been continued 
on the library-card catalogue plan, using the regular 
standard card, size 7»/* b y  121/* centim eters, or ap­
p roxim ately  3 b y  5 inches, w ithout rulings excep t 
a single colored horizontal line 3/s of an inch below the 
top of the card— this for typ ew ritten  cards and cards 
upon which printed m atter cu t from books and period­
icals is pasted. A  lim ited use has also been made 
of cards having ruled lines, where for certain reasons 
the cards are w ritten  b y  hand.

I believe it w ould be v e ry  desirable to  have an e x ­
change of opinions on this subject in the correspond­
ence colum n of this journal. I t  is our d u ty  to assist 
b y  an y helpful suggestions possible, the good work 
which is now being perform ed b y  the W ashington 
Paten t Office.

L. H. B a e k e l a n d

it follows th at m ost m aterials are continually  changing 
their properties w ith  use, though a t w idely varyin g  
rates. In  the case of paints, varnishes and some 
other m aterials affected b y  exposure to atm ospheric 
agencies of destruction, this change of properties is 
quite rapid a t first and continues generally a t a di-

ORIGINAL PAPERS
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minishing speed. The coating when fresh is liquid, 
but soon becomes “ ta c k y ,”  and later firm but elastic, 
finally descending into a condition of brittleness, 
chalkiness, and other m anifestations of old age. 
Among' the properties of the paint and varnish film 
m ight be enumerated: perm eability to various liquids 
and gases, electrical conductivity, elasticity, and 
hardness. A ll such characteristics are changing from 
the moment the coating is applied until it is finally 
destroyed. W hat is the internal cause of the altera­
tions and to  w hat extent are th ey independent of 
each other? It  seems to be generally agreed that 
there are four classes of changes going on within a 
protective coating: A —Chemical: (1) Reactions be­
tw een constituents of the air and the vehicle, gum,
and in some cases the pigment. (2) Reactions be­
tw een the coating and the surface covered. .(3)
Reactions upon each other of the various constituents 
of the coating. B — Physical: (4) Alterations in crys­
talline form, size of particles, and the like, in the 
pigm ent, and physical changes in the vehicle pro­
duced b y  the above chem ical actions. The line of 
dem arcation between the physical and the chemical 
is steadily growing more obscure and nowhere is its 
haziness more m anifest than in such a com plex m ix­
ture as th at of the organic, inorganic, colloidal, crys- 
tallic m aterials of a paint film.

It  being self-evident th at reactions like the above 
are the causes of the aforesaid changes in properties, 
it seems to follow that, w ith the exception perhaps 
of the first physical alterations referred to, it is im­
possible for an y one property of the film to gain or 
lose in value w ithout also a difference becoming m ani­
fested in all the other properties. In other words, 
the variable properties of the paint and varnish coat­
ing are dependent and not independent functions. 
Here we have the foundation for the research outlined 
below. If the film becomes “ flat,”  there will be an 
alteration of the density, perm eability, hardness, 
and of all other properties. Theoretically, therefore, 
it is only necessary to  measure one of these character­
istics at various periods during the life of the coating 
in order to obtain an index of the alteration at all 
other points. Since the coefficient of change with 
tim e will be different for each property, the greater 
the number of these measured, the better; though 
from a practical view  point, it m ay not be worth 
while to measure more than one accurately. These 
variables differ considerably in importance and ease 
of measurement. Some cannot be measured w ithout 
in jury to the film, as hardness, and some not w ith­
out unfair treatm ent, as resistance to chemicals.

Of all these characteristics, perm eability is second 
to none in im portance and stands first in ease of meas­
urement. I t  seems generally agreed among experts 
th at differences in the perm eability of the membranes 
lie at the base of the explanation of the wide con­
trasts between the durability of protective materials.. 
M any methods, more or less accurate, have been de­
vised for rating the perviousness of the paint film, in 
recognition of its im portance as a distinct property, 
entirely aside from its periodic measurement as an

index to durability. A s to the latter, the panel test  ̂
is the standard and b y  its results, slowly obtained 
though th ey be, all other processes w ith similar pur­
pose should be gauged. In the course of the numer­
ous accelerated paint tests described in the literature,' 
little attention has been paid to the age of film, thick­
ness of coat, tem perature and hum idity of air, amount 
of sunshine, etc., after coats were applied. As will 
be shown later, no inferences can be drawn from meas­
urements for the durability of membranes, unless all 
factors entering into the process of drying and decay 
are carefully standardized or unless all panels of a 
set of com parative tests are subjected to practically 
identical conditions as regards both intensity and 
duration.

The attem pt was made at the outset of this inves­
tigation to devise for measuring permeability an 
apparatus th at could be operated as accurately as 
needed, w ithout in any w ay subjecting the mem­
brane of the m aterial to unfair treatm ent. Further

F ig . 1

objects were sim plicity, ease of manipulation, a wide 
range of conditions for measurement, and the possi­
b ility  of construction in various forms and from various 
m aterials. Fig. 1 exhibits several parts of the third 
and present form of the apparatus and Fig. 2 shows 
the parts assembled in several units arranged side by 
side on a shelf. In Fig. 1, A  is the base; B, the general 
cover; D, the convex ring; C, the concave ring; E,

F ig .  2

the clamping ring; L, the two latter clamped together 
with a steel porous surface stretched tightly  between 
th em ; F, the p a n ; G, the wire r in g ; H, the wire screen
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disc; K , the weighed dish containing the w ater a b ­
sorbent; and I, the corresponding unw eighed dish. 
The cover to the w eighed dish is sealed w ith  a com ­
posite wax of proper viscosity. T h e m aterials used 
are cast iron, glass, and painted  tin, but there is yet 
room for m any im provem ents in this regard. W hen 
setting up this apparatus, the base is leveled and 
sufficient m ercury is placed in each groove. Sufficient 
water is also poured into the cen tral trough. Just 
beyond the w ater is a tube' opening through a plug 
of cotton to the outside air and across from  this is a 
similar space for placing another tube, if perm eability 
to another gas besides w ater vapor is to be measured. 
The general cover of glass perm its observation during 
the interval of a m easurem ent and has a tube which 
serves both as a handle and as a means of com m uni­
cation with atm ospheric pressure, the end of this 
tube being plugged w ith  w ater absorbent and cotton 
to prevent ingress of m oisture. The painted surface 
is prepared b y  first clam ping or otherw ise sealing the 
two rings together or the concave ring to the clam p­
ing ring by means of springs or wire through the small 
holes placed around at equal distances. A  porous 
surface of strength and uniform ity is placed between 
the rings before clam ping and is autom atica lly  stretched 
because of the “ d o v eta ilin g ”  of the parts into each 
other. This also m inim izes danger of later leakage 
through points of contact. T he porous surface is a l­
ways of the same m aterial th a t the p ain t is intended to 
cover, steel wire cloth  for steel, hardened paper for 
wood, or cement and sand for concrete. This search 
for a satisfactory and fair im itation  of the actual sur­
face will continue to  be the su bject of study, com ­
mensurate with its im portance.

The ring com pleted form s a “ p an el,”  the area of 
whose surface for pain ting is 341 sq. cm. The paint 
or varnish is applied uniform ly w ith  a brush ju st as 
to any other kind of panel or surface and b y  weighing 
before and after, the w eight of coating m ay be ob­
tained as accurately as desired, depending on whether 
the parts fit well and allow  v e ry  little  “ d e a d ”  m aterial 
to creep under the areas of clam ping contact and 
whether or not the w eighing is recorded im m ediately 
after each coat is spread.

The blank is run as follow s: In vert the pan on
&e base and place on it the wire ring. Upon this 
place the wire screen disc and then the unweighed 
dish. Finally p ut the cover in position. A fter  
some hours, when a uniform  condition has been 
-eached, note the tim e, rem ove cover, replace the 
unweighed with the w eighed dish, rem ove dish cover, 
and replace general cover. T h e n ext day, a t the same 
tiZGe, raise general cover, replace cover of weighed 

and weigh the dish. The increase of weight in 
Hgrams is the “ b la n k ”  (generally ab out 50 m illi­

grams) to be subtracted from  the num ber of m illi­
grams obtained in the n e xt step. T h e pan is now re- 
7 J' ed and the panel w hose p erm eability  is sought 

 ̂?^aced in position. A fte r  this, the steps are ex a ctly  
in the case of the b lank. T h e  final result give:-; 

l~~. r'et milligrams for tw en ty-fo u r hours. Jf the 
.-«nod is not tw en ty-four hours, the figure is calcu­

lated  to th at interval, w hich gives the “ a ctu a l”  per­
m eability of the panel.

A n  inspection of the construction of the apparatus 
will dem onstrate that, during the m easurem ent, it is 
impossible for m oisture to escape from the trough, 
except through the paint film of the panel. I t  is 
further im possible for it to enter or escape from  the 
apparatus, disregarding an y  slight leakage, w hich 
is canceled b y  the blank. B o th  sides of the film are 
nevertheless open to atm ospheric pressure; hence 
there is no excess in to ta l pressure in an y  one direc­
tion. The area under the film has a h um idity  of 
100 per cent, w hile th a t above has a h u m id ity  ap ­
proaching as near to zero as the a c tiv ity  and q u an tity  
of the absorbent and the perm eability  of the film will 
perm it. U nder these conditions, the vapor is absorbed 
b y  the film on its under side and evolved  on its upper 
side in a steady stream.

The m echanism b y  w hich the w ater or other sub­
stance passes through the film w ill be discussed in a 
later paragraph, when results bearing upon the point 
have been presented. T h eoretically  the standard 
value for perm eability w ould be th a t obtained under 
standard conditions as regards each com ponent th at 
effects the result, or a t  standard tem perature w ith  
unit area of film, unit w eight or volum e of coating, 
etc. A t present, there is no need of attem ptin g to  
establish such a standard. P ractica lly , however, 
there is need of adopting a  m ethod of com parison b y  
w hich successive results on the sam e and on different 
coatings m ay be com pared w ith  each other. T he 
data to be presented later w ill indicate th at, allow ing 
for errors in spreading the p ain t a lready explained, 
the perm eability decreases as the w eight of the film 
increases. W hether the actu a l results tim es the 
w eight of film equal a constan t fo r  th e sam e coating 
w ill be determ ined b y  later m easurem ents, b u t it  
seems to be true where the divergence in w eight of 
film is not too large. T h e follow ing proportion is 
then applicable: W eight of film in gram s : 10 : ;
"w e ig h t perm eability”  : “ actual perm eab ility.”  In  
other words, the w eight perm eability represents the 
result th at w ould be obtained if the film o f area g iven  
had weighed ex a ctly  10 gram s. The m ajor portion 
of the d ata  presented in th is p aper is p lotted  on th is 
basis, largely because the extra  calculation involved  
slight additional labor and afforded the best read y  
means of comparison. I t  is true th a t a  film vre:ghir.g 
5 gram s would prob ably  n o t h ave ex a ct! j  tw ice  th e  
perm eability o i one ox th e sam e m aterial -weighing 
the standard 10 gram s b u t if 5 gram-, is the w eight 
of the regulation num ber of coats for th a t m aterial, 
the results on 5 gram s should be the basis of calcula­
tion. If the densities of the Squids are very  d iver­
gen t some other m eans of com parison m ast be adopted 
before it can be stated th at one substance is " h ig h ”  
and another “ lo w "  in perviousaess.. W hite th e 
“ a c tu a l”  perm eability m akes com parison or. the 
basis of equal num ber o f coats, y e t  a " c o s t "  m ay 
v a ry  g rea tly  according to  th e  thickr.es-; and spread­
ing qualities o f the m aterial applied. O f coarse both 
the w eight and volum e o f a  coatin g  change w ith tim e,



but it would appear unnecessary to make more than 
one determ ination of these under uniform conditions 
in order to secure a comparison sufficient for all prac­
tical purposes.

One of the first points noticed during this inves­
tigation was th at successive measurements on the
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were reversed, and finally the panel brought to its 
original position. Thus the moisture passed first 
from the inside out, and this direction was reversed 
twice for the white and once for the varnish. This 
order was changed in the case of corroded lead, with 
also tw o reversals.
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same panels w ithout intervening exposure did not 
check w ith each other. This was not surprising since 
an appreciable tem perature coefficient was to be 
expected. Unless otherwise stated, the results pre­
sented in this paper were under conditions of suffi" 
ciently uniform tem perature, on the average 3 2 .9 0 
Q The exact coefficient under all conditions will 
be a m atter for later determination. The effect of 
tem perature is m arked. Thus, it was found that 
the panel of white (Fig. 3) which gave a perm eability 
of 854 and 853, successively, at 3 2 .9 0 C., gave two 
days later, w ith no intervening exposure, 137 and 
139 at 10. 90 C., or a drop of 32.52 milligrams for each 
degree In  this case, the coefficient is 0.0381 per 
degree C., based on the result at the higher tempera-

ture. . ,
Measurements have been made on panels w ith no 

w ater in the trough underneath, w ith results of about 
100 less the blank, representing the moisture actually 
in the film at the beginning. This is mentioned merelj 
as proof th at during the measurements the source 
of the w ater is ultim ately in the trough of the base.

Fig 3 is presented as a test of the accuracy of the 
apparatus under the degree of uniform ity considered 
sufficient for practical purposes. Three panels were 
prepared at different tim es from concave and convex 
rings. E ach  was placed in a unit of the apparatus 
and kept there day after day w ith a dish of absorb­
ent continually drawing w ater through the film. 
Generally it was a weighed dish and measurements 
were made daily, though this was not alw ays con­
venient. For the varnish and composite white, 
the uncoated side was at first down; later the sides

R e s u l t s  o n  F ig . 3 

Co r r o d e d  L ea d

W t.
of

coat
14 .3 8

Meas . D ays
A ctual

perm ea­ Meas. D ays
A ctual
perm ea­ Meas.

Days
inter­

Actual 
per- 

■ mea-

No. in terval b ility No. interval b ility No. val bility

1 0 1197 2 1 1298 3 1 1296

4 1 1292 5 1 1273 6 1 1251

7 1 1253 8 2 1241 9 1 1223

10 1 1156 11 2 1894 12 1 1889

13 2 1896 14 2 1839 15 2 1847

16 1 1869 17 1 1868 18 4 1812

19 1 1821 20 2 1830 21 2 1110

1 0

O u t s id e  

1302 2

W h it e

1 1445 3 1 1339

4 1 1298 5 1 1285 6 1 1285

7 1 1261 8 1 910 9 1 918

10 1 903 11 2 884 12 1 854

13 1 853 14 6 1106

1 0

E x t e r io r  

1915 2

V a r n ish

1 1911 3 1 2049

4 1 2001 5 1 1995 6 2 1799

7 1 1775

It is easily apparent that the lead shows the great­
est contrast and the exterior varnish the least, when 
comparing perm eability on either side. Whether 
this expressed any particular advantage cannot yet 
be stated The position of the panel on the base 
is im portant, but the length of tim e elapsing before a 
measurement is made after the panel is m position is 
unim portant for a small number of days. The steady 
decrease in perm eability noticed is due doubtless to a 
slight drying action 'in progress even while the panel 
is on the base and in the absence of light. The fluc­
tuations apparent enable one to gauge the degree of 
error probable for all other measurements to be sub­
mitted, which were made w ith the coated side up.
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reach the protected surface than to m oisture which 
at other times and on wooden surfaces m ust be a l­
lowed to escape freely. This point w ill later receive 
further experim ental trial, too m any other phases of 
the research being more im portant at present. It  
may be concluded th at the surface covered is proba­
bly the chief cause of the contrasts observed. A  
paint coating is in more intim ate contact w ith  the 
moisture of the under surface than w ith  the m oisture 
of the air (except during a rain). The under surface 
of wood during a m easurem ent absorbs m oisture 
more rapidly than the p ain t coating itse lf; hence, 
the permeability is higher from this direction.

PRACTICAL R E S U L T S  O X  P A IN T S  A N D  V A R N IS H E S

It has been shown so far th at each of the various 
components of w h at is term ed “ the w e ath er” has its 
own peculiar effect upon perm eability. The n ext 

t̂ep in this investigation w ould naturally  be to e x ­
pose panels of various com positions until each is ev i­
dently “ broken dow n,”  m easuring perm eability from 
time to time. This has been done, and the results 
are presented on ten charts below. A ll of the panels 
involved were not exposed a t the same tim e nor to 
exactly the same conditions b u t those reported to ­
gether were coated a t the same tim e, measured at 
the same time, and given the same kind and length 

exposure as far as practicable. In order to obtain 
more quickly  the exposure used was severe, 

her the same com parative results would be 
urouuced from a m ilder treatm ent, only future experi­
ments can tell. T h e rate of decay of paint and var- 

is well known to differ considerably w ith the kind 
c-eSrce of exposure. A  good paint under favora- 

De Auditions will last perhaps six years, while the

same paint on the same surface will not last tw o years 
w ith  a succession of bad seasons in a severe clim ate. 
In  certain areas of the tropics situated on the southern 
slopes of m ountains, we m ay actu a lly  see in nature 
p ractically  all the extrem es of tem perature, light, 
and hum idity regularly every  tw en ty-four hours for

p art of the year. Such w as the exposure b y  w hich 
the results to be tabulated  were obtained. No ele­
m ent in it w as more intense than th at found in actual 
service. The panels were not subjected to" acid fumes, 
soaking in water, or an y  other unnatural condition 
th at could be a source of criticism.

To describe this part of the w ork properly would 
double the length of this paper. Suffice it now to 
state th a t air-tight cylindrical boxes, sufficiently 
large (7 ft. in diameter, 4 ft. in height), were used, 
the weathering force em anating from the axes. The 
exposure used was indeed artificial, but of the same 
kind as th at acting naturally. R ain was im itated 
w'ith a whirling garden sp ray; sunlight, b y  the use of 
the m ercury vapor and tungsten lam ps in com bina­
tion; and cold weather, b y  adm itting the outside air 
a t night. P len ty of ventilation was afforded b y  use 
of a fan while the lam ps were in operation. T he 
panels were arranged around the sides of the boxes 
so as to be easily rem oved or replaced, care being 
taken to  have those of an y one com parative set a t 
the same level in the box. Since the lam ps could not 
be located exactly  along the axes of the b o x  and in 
an y event m ercury lam ps do not radiate equally in 
a ll horizontal directions, the lam ps and panels were 
rotated along the above axes for different positions 
w ith reference to each other from  d ay  to day, so th at 
each panel w ould receive p ractically  its share of e x ­
posure. This illustrates one of the m any precautions 
observed in order to secure valid  results. From  7
a . m . to 6 p . m . ,  the panels were subjected to a good 
im itation of a hot, breezy, sum m er day, the tem pera­
ture going up to 600 C. for p art of th e tim e. From  
6 p . m . to ir  p . m . there w as rain, and from  11 p . m . 

to  7 a . m . cold weather.

The most interesting point about Fig. 3 is the ap­
parent fact, suspected b y  experts, th a t a p ain t film is 
more pervious in one direction than the other. Paint 
thus may have the advan tage of “ va lve  action ,” 
offering a greater resistance to w ater w hich tends to
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Perm eability, of course, is sim ply one of m any be reported w ithin the proper lim its of this paper,
indications of paint and varnish decay. Nothing Am ong these should be m entioned the effects of the
more is claimed for the process being outlined in this exposure on several lines of paints for structural iron,
article than recognition as an additional m ethod of

which will be prosecuted as rapidly as possible, will
dem onstrate the real meaning and value of the prac- spread over steel panels, and on specially prepare 
tical results now to be subm itted. The finished m ixtures of lead and zinc w ith  various oils and diiers.

R e s u l t s  o n  F ig . 7— I m p l e m e n t  P a in t s

W eight
of

co a t
Meas.

No.

D ays
in te r­
va l

Perm eab ility
M eas.

No.

D ays
in te r­

val

P e rm eab ility Perm eability

A ctual B y  w eight A ctual B y  w eight N o. in te rv a l A ctual B y weight

A R , ........................ ............ 3.41 1 0 2044 697 2 3 2227 759 3 S '/s 3074 1048

A R ; ........................ 1 0 1871 612 2 3 1878 614 3 5 ‘/ 2 3265 1042

A verage ............. 1 0 654 2 3 686 3 5>/s 1045

A S i......................... 1 0 2374 506 2 3 2323 495 3 5 >/2 2596 553

A S2......................... 1 0 2428 520 2 3 2357 516 3 S '/s 2632 563

A verage ............. L 0 513 2 3 505 3 5 Vs 558

A T i ......................... ............ 3 .2 9 1 0 2119 697 2 3 2428 799 3 5V 2 3239 1066

A T 2......................... ............ 3 .03 1 0 1929 594 2 3 2922 900 3 5 Vs 4609 1419

A verage ............. 1 0 645 2 3 849 3 5V 2 1242

A U i........................ 1 0 2408 910 2 3 2440 922 3 5 Vs 240S 910

A U2........................ 1 0 2350 S77 2 3 2143 799 3 5 Vs 2155 804
A v e rag e .. . . . . . 1 0 893 2 3 860 3 5>/2 S57

A R i ........................ 4 4V 2 4515 1540
A R 2........................ 4 4V 2 5574 1823

A verage............. 4 4V 2 1681
A S i......................... 4 4V 2 3360 716
A S2......................... 4 4V 2 3216 688

A verage............. 4 4V 2 702
A T X................ 4 4V 2 4365 1436
A To......................... 4 4V 2 5967 1838

A verage............. 4 4V 2 1637
A U j........................ 4 4V 2 2553 965 5 7 3121 1180
A U2........................ 4 4V 2 2010 750 5 7 2746 1024

A verage............. 4 4V 2 857 5 7 1102

products of these tests were either purchased in the One of the first pieces of w ork com pleted was on a
open m arket or m ixed under the direction of the w riter line of agricultural paints. The samples were from
in the laboratory. The composition is based either m aterials in actual use b y  m anufacturers for the coat
on published analyses or determinations in the labora- ing of their products. The panels were p r e p a r e d  in
tory. The raw materials were of the best grade and ex a ctly  the same w ay  w ith  the same material as in
had received the “ 0. K .” of the factory  chem ist, the painting of a plow  or wagon, all coats being »P
unless otherwise stated. plied at dipping consistency. There was first sprea

M any interesting results were obtained th at cannot on each as nearly as possible to  the same thickne^
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the ordinary “ pink p rim er”  consisting .of lithopone 
and some iron and zinc oxides ground to a paste in 
linseed oil. A ll panels were given  as a final coat as 
nearly as possible the same thickness of the same 
short oil (linseed) No. 1 kauri varnish, so the only 
difference between the panels, disregarding the above 
sources of error, consisted in the interm ediate coat of 
vermillion or green. F ig. 7 illustrates the great 
difference noted, and the num erical results are appended

below. As in all later diagram s presented w here 
duplicate determ inations were m ade, on ly  average re­
sults are plotted.

It will be noticed th a t where a m aterial has slight 
durability, as A  R  and A  T , the duplicate w ith  the 
thinner coating shows the greater change in perm ea­
bility, as m ight be expected. In  the light of later 
data, it is justifiable to  conclude th a t a ll of these panels 
would have decreased in perm eability  if the second 
measurement had been m ade after a sufficiently short 
period of exposure, 1 1/3 days being too long. R eason­
ing now once for all, we conclude th at as long as per­
meability is going down, the rate of oxidation  is 
greater than th at of dissolving action, hydrolysis, 
and decreasing elasticity . B u t when the latter 
changes have produced a larger effect th an  the former, 
the curve of perm eability  turns up and the film itself 
soon goes flat, chalks, checks, or cracks. The rise in 
permeability w ould thus seem to be finally the result

of actual pores evidenced in the appearance or of 
a decreased thickness of film. This is borne out b y  
the condition of these panels at the end of the testing 
period; for it is easy to separate them  b y  their m arked 
difference in appearance. Thus a rem arkable con­
trast is shown betw een these im plem ent coatings. 
I t  w ould be difficult to believe th a t A  S and A  U 
are not more durable than A  R  and A  T.

The next set of tests to be presented is a group of

eleven varnishes, em bodied in Fig. 8. The actu a l 
d ata are presented herewith:

R e s u l t s  o n  F ig . 8— E l e v e n  V a r n is h e s

A ctual A ctual A ctual
per­ p e r­ p e r­

Mcas. D ays m ea­ Meas. D ays m ea­ M eas. D ays m ea­
No. in te rva l b ility No. in te rva l b ility No. in te rv a l b ility

B F i . .  1 0 1782 2 5 V s 15215
B Fo. . 1 0 1898 2 5Vs 14365

Ave. 1 0 1790 2 5Va 14790
B E i .  - 1 0 1507 2 5 Vs 16064
B E 2. . 1 0 1418 2 5V 2 15574

A ve. 1 0 1462 2 5 Vs 15819
B N i. .  1 0 2978 2 5V 2 3090 3 41/2 3008

B No. . 1 0 2900 2 5 Vs 2922 3 4V 2 2916
A ve. 1 0 2939 2 5 Vs 3006 3 4 Vs 2962

B N i. . 4 12V* 5816 5 13
B N2. . 4 12Vs 4696 5 13

Ave. 4 12V2 5256 5 13
B G i. . 1 0 2590 2 5 Vs 12612

B Go. • 1 0 2123 2 5 Vs 9335
A ve. 1 0 2356 2 5V 2 10975

B K i . .  1 0 2465 2 5Vs 8119
B Ko. . 1 0 2273 2 5 V 2 6578

Ave. 1 0 2369 2 5 V 2 7348
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R e s u l t s  o n  F ig . 9 — E x t e r io r  V a r n is h e s

P erm eab ility  P e rm e ab ility  Perm eability
W eight M eas. D ays <— —----- *------------- * M eas. D ays /------------- *------------- * M eas. D ays /------------- --------------

of c o a t No. in te rv a l A ctual B y  w eight No. in te rv a l A ctual B y  w eight No. in te rv a l A ctual B y  weight
B O ................ 1 0 2727 1012 2 17 2620 972 3 19 2836 1052
B P ................ 1 0 3308 1366 2 17 3033 1253 3 19 2832 1170
B Q ......................... 1 0 2421 1024 2 36 2212 936 3 31 3025 1280
B R ......................... 1 0 2097 935 2 17 1929 860 3 19 1642 749
B O ................ 4 31 6782 2516
B P ................ 4 31 5644 2353
B R ......................... 4 31 2246 1002

The composition of the m aterials is sufficiently 
described thus:

^  A-Gloss consisting of ab o u t 45 p e r c en t of rosin and  55 p e r cen t 
benzine 

B C -D am m ar in tu rpen tine  
B E -S h o rt oil varn ish  (linseed and  rosin)
B 1*-S hort oil v a rn ish  (C hina wood and  rosin)
B H -S h o rt oil varn ish  (linseed and  No. 3 kau ri)
B I-Sam e us B X below, b u t con tain ing  m ore rosin  
^  L-Contains abou t twice as m uch oil as th e  s tan d a rd  coach v a rn ish es  
B N -Long oil v a rn ish  (C hina wood and  rosin)
B G-Consists of half B F  and  B N by  volum e 
B K -S hort oil varn ish  (linseed and  No. 1 kau ri)
B M-A s tan d a rd  tu rp en tin e  coach varn ish

1 hat these perm eability tests agree w ith  well es­
tablished methods is shown b y  the results of exposure 
of these m aterials placed on regulation wooden panels 
and exposed on the roof during the winter. The 
num ber of days after beginning of exposure when check­
ing first became noticeable is first given: then the 
condition at the close, after 38 days.

more durable than rosin com positions; also that in 
short oil rosin varnishes, china wood oil is better than 
linseed. Com paring B N, B M, and B L, it would 
appear th at on long oil varnishes, if the effect of rosin 
is considered, china wood is more durable than lin­
seed oil and th at an increase in linseed oil adds to the 
perm anency, since B L , though it starts higher in 
perviousness and loses its gloss more quickly, yet 
outw ears B M. A n oth er set óf varnishes (exterior) 
was g iven  a long exposure m ainly as a means of test­
ing out the process, for it w as im practicable at the out­
set to expose duplicate panels. T he results are worth 
reporting, as is seen in Fig. 9 and the table appended, 
because th ey illustrate w ell the stead ily  changing char­
acter of perm eability. T he appearance of these panels 
corresponds w ith  the w eight perm eabilities, and as a 
fact th ey  have been assorted b y  eye in the same 

order as is shown in F ig. 9.

R e s u l t s  o n  F ig . 8 — (C o n tin u ed )

A ctual A ctual A ctual
per­ p e r­ p e r­

M eas. D ays m ea­ Meas. D ays m ea­ M eas. D ays m ea­
No. in terval bility' No. in te rva l b ility No. in te rv a l b ility

B H i . . 1 0 4346 2 5Va 9157
B H2. . 1 0 4363 2 5Va 10844

Ave. 1 0 4354 2 5Va 10000
B M i. .  1 0 4170 2 5Va 4042 3 4Va 4044
B M2. . 1 0 3804 2 5Va 4173 3 4Va 3620

Ave. 1 0 3987 2 5Va 4107 3 4Va 3820
B M i. . 4 12V2 7056 5 13
B M2. . 4 12 V 2 5456 5 13

Ave. 4 12Va 6256 5 13
B L i . .  1 0 6037 2 5 l/ 2 5667 3 4Va 5802
B 1-2. . 1 0 6050 2 5V 2 5652 3 4Va 6300

Ave. 1 0 6043 2 5Va 5659 3 4V 2 6051
B L i. . 4 12»/a 5253 5 13
B L j . , ‘ 4 12 Va 5688 5 13

Ave. 4 12 Va 5470 5 13
B A i. . 1 0 826 2 5Va 45246
B A2. . 1 0 688 2 5*/2 46184

Ave. 1 0 757 2 5Va 45715
B C i ..  1 0 989 2 5Va 18295
B C2. . 1 0 968 2 5V 2 18100

Ave. 1 0 978 2 5 V 2 18200
B I i  . .  1 0 2974 2 5V 2 10037
B I 2. . 1 0 2401 2 5 l/ 2 9412

Ave. 1 0 2687 2 5Va 9724 :: . . . i f .

F ir s t  c h e c k in g F in a l  c o n d it io n

B A 7 days, o r a t  th e  first rain P rac tic a lly  no coating left
B C 7 days, o r a t  th e  first rain Mostly' scaled  off
B F 13 days N o w orse th a n  on 13th day
B E 13 day’s B ad ly  checked
B K 17 days Very' slightly' checked

None of the others has as y e t  begun to check, but 
experiences teaches th at th ey will also act very much 
in agreem ent w ith their perm eability  changes.

These were the first varnishes tested and eviden tly  
the first period of exposure (5J/ 2 days) was far too 
long; for b y  that tim e all but three had “ gone to 
pieces,” so much so th at in the m easurements much 
absorbent was practically  exhausted. Measurements 
on rosin m ixtures to be presented later indicate 
th at these varnishes also at first decreased in per­
m eability and that during the 51/. days interval 
much interesting history was lost. Nevertheless, 
it is rem arkable how closely the slopes of the curves 
agree w ith  experience.

Com paring B K , B H, B F, and B 
No. 3 kauri is less durable than No.

E , we see that 
i b u t both far
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Fig. 4 shows a portion of the panel of B  R  at the 
end of the test, having a perm eability of 2246. W hile 
checked up slightly, the m ajor portion of the coating 
is still left to view . Fig. 5 is a corresponding portion 
of B P. This panel has a perm eability  of 5644 and it 
is evident th at little  of the original varnish film has 
withstood the exposure. The differences betw een 
these two photographs show th at the num erical d ata 
upon which these charts are based have real m eaning 
in expressing the condition of the panels.

All of these are standard coach varnishes, excep t 
B Q, which is a china w ood oil m ixture. B O and 
B P  are seen to  be running “ neck and n eck ,”  if we 
allow for the lack  of check panels and for the thinner 
coating of B O. B R  gains its greater d urability  
from its greater oil content. China wood oil m akes 
its best showing in B Q, this being m anifestly a fine 
varnish.

The evil effect of rosin in an exterior paint is well 
known, though the word “ ja p a n ” often covers a 
multitude of such sins in the paint form ula. In order 
to obtain a graphic representation of this evil, a 
sample of a standard outside white, B U, was divided 
into three portions. One p art w as left unadulterated. 
Ten per cent, of the vehicle b y  w eight w as rem oved 
from the second portion and an equal w eight of gloss 
oil substituted. In the third  portion, tw en ty-five 
per cent of gloss oil w as sim ilarly replaced. Panels 
were then constructed and tested. The records of 
these m easurements are now  subm itted, accom ­
panied by the striking contrast of the curves shown 
in Fig. 10.

1, 2, 3. In the cases of more durable coatings, it is 
som etimes possible to  arrange the panels in the order 
of durability  long before the m easurem ents are com-

R e s u l t s  o n  F ig . 10— E f f e c t  o f  R o s in  

P erm eab ility

pleted or before any of the films show signs of age. 
F ig. 6 gives the appearance of B S, containing 2 5

P erm eab ility P erm eab ility
W eigh t 
of c o a t

Meas.
No.

D ays
in te rv a l A ctual B y  w eight

B U i .............................. 1 0 1623 2308
B U2.............................. 1 0 1491 2207

A verage................... 1 0 2258
B U i .............................. 4 31 1004 1427
B U j .................. 4 31 1039 1537

A verage.................. 4 31 14S2
B T ,.................. 1 0 1212 2270
B T>........... 1 0 1088 1917

A verage.................. 1 0 2094
B T j............. 4 31 1667 3122
B T2. . . 4 31 1660 2926

Average.................. 4 31 3024
B S ............... 1 0 1163 1618
B S .................... 4 31 4559 6341

M eas. D ays M eas. D ays

17
17
17

17
17
17

17

1155
1196

792
826

883

1642
1770
1706

1483
1455
1469

1228

19
19
19

19
19
19

980
990

890
722

1232

1394
1465
1429

1671
1272
1471

1714

The composition of the gloss oil has been already 
stated. B T, therefore, contains only about 4 
per cent of rosin, w hile B  S contains about 11 per cent. 
Doubtless the reader w ill observe th a t B S appears 
to fall in perm eability m ore slow ly than either of 
the other m aterials a t first. If a m easurem ent had 
been made at the end of 5 days, instead of 17, it is 
believed th at B S w ould h ave shown the m ost rapid 
decrease. It w ould appear also to  be frequ en tly  
true, if one reasons from  all the d ata  presented in this 
paper, that the sm aller the angle of bend plotted  at 
the points of m easurem ent, not beyond the line 
"here the curve first points upward, the sooner will 
the curve take an upw ard trend and the coating 
break down. This is indicated on Fig. 10 b y  angles

per cent of gloss oil. The film is quite flat and the 
cracks shown are large. These cracks began after 
the second m easurem ent. P robably in no line of pro­
tective  coverings is there so m uch w aste of m oney as 
in the so-called barn paints, in spite of their cheap­
ness. In order to develop this point, three liquid 
paints belonging to this class were m ade up on differ­
ent lines, C A , C B, and C D, and each divided into 
tw o portions. One portion, m arked x, rem ained un­
treated, while in the other portion, m arked y, rosin 
in decreasing quantities w as incorporated for the 
several form ulas. Thus, C A y has m ore rosin than 
C D y, b u t not more than th a t found in m any com ­
m ercial barn paints. D uplicate panels were m ade 
up for each of the six liquids and the results of their



W eigh t > 
of coat

C D*v

A verage.
CDyi.....
C Dy2.......

A verage.

A v erag e ..
C D.v*...........
C Djca...........

A v erag e ..
C Bn ...........
C B j1}...........

A v e ra g e ..
C  By*...........
C Bj,*...........

Average.
CB.Vi.......
C B x>...........

A v e rag e .. 
CB.VJ.......
C  B a2...........

Average.
c  An........
C Ajñs...........

A verage.
C A.V*...........
C A v ..........

Average.
C  A-vx.........
C  Av>...........

A verage.

R e s u l t s  o n  F i g . 11- 

P erm eab ility
-B a r n  P a in t s

P erm eab ility
D ays Meas. D ays  *----------- » Meas.

in te rv a l A ctual B y  w eight No. in te rv a l A ctual B y  w eight No.
D ays

in te rv a l

Perm eability

A c tu a l B y  weight
7.81 0 2606 2035 2 3 1963 1533 3 IV 4 1956 1528

0 2731 2411 2 3 2332 2059 3 IV 4 2002 1766
0 266S 2223 2 3 1796 3 IV 4 1647
6 1838 1436 5 7 1891 147S
6 1907 16S4 5 7 1927 1705
6 1560 5 7 1591
0 2817 2042 2 3 23SS 1733 3 1V4 2351 1704

6 .7 6 0 2S3S 1915 2 3 2364 1602 3 I3/* 2363 1599
0 197S 1 3 1667 3 IV * 1651
6 2207 1600 5 7 2203 1597
6 22S3 1543 5 7 2298 1554
6 1571 5 7 1575

9 .07 0 2035 1S46 2 3 1359 1224 3 1V 4 1205 1093
S . 93 0 1916 1711 2 3 1206 1077 3 1V 4 1057 944

0 177S 2 3 1150 3 1V 4 101s
13 6324 5730
13 5430 4850
13 5290

5 .32 0 3932 20S 7 2 3 3504 1896 3 1V 4 3357 1736
5 .3 9 0 4047 21SI 2 3 3637 1960 3 lV i 374S 2021

0 2134 -7 3 197S 3 1V 4 1903
6 3139 1670 5 7 309S 164S
6 3032 1634 5 7 3063 165S
6 1652 5 7 1651

6.73 0 1415 955 2 3 10905 7360 3 IV 4 18948 12320
6 .5 9 0 1435 94$ 2 3 11715 7720 3 1V 4 17525 11570

4 .8 0
0 951 2 3 7540 3 1V 4 12195
0 4498 2164 2 3 4116 1975 3 73/V 3429 1649

4 .6 0 0 4659 2143 2 3 472$ 2175 3 7V 4 3660 1684
0

3526
2153
1692

2 3 2075 3 73/4 1666

7
3306 1750

1721

In the case of these paints the contrast is evident 
a t a glance. C A y  goes to pieces so quickly that

A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l .  5, No. 7IN D U S T R I A L  

its accom pany-testing are presented as Fig. 11, w ith 
ing tabulation.

544 T H E  J O U R N A L  O F
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even the first three d ays showed a considerable rise 
in perviousness. C B y  broke down before the fifth 
day, while C D y held up until the 6th m easurem ent, 
and then only is ju st beginning to pass C Dx, having 
only a trace of rosin. A tten tion  m ay be called to 
the first slopes of these curves as another prediction 
of the fate of a coating, for C D y points downward 
farther than C D.%' and bends upward sooner. The

R e s u l t s  o n  F ig . 2 0 -

w ith checks at the end of the test. It m ust, however, 
be rem embered th at the exposure was severe, though 
there was no rain for the first tw o days. T h at in 
m ilder w eather there w ould be a great contrast be­
tw een these two coatings should not be asserted a t 
present.

From  the very  first it  was realized th at the severest 
and indeed final gauge of the value of perm eability

-E x t e r io r  E n a m e l s

W eight of M

E  C i............

EQj.......
Average.

E C i..............

E C2............
Average.

E D i...........
E D 2............

Average. 
EDi.......
E D2............

Average.

co a t
5 .7 4
5 .7 3

8 .5 3
8 .6 5

N
D ays

in te rv a l
0
0
0
13A
13A
l3/ 4 
0 
0 
0
I3/ 4
l3/ 4
I3/ 4

P erm eab ility  P e rm eab ility  P e rm eab ility
' *-------- — » M eas. D ays /------------*----------- -v M eas. D ays    *----- »

A ctual B y  w eight No. in te rv a l A ctual B y  w eigh t No. in te rv a l A ctual B y  w eight
2168
2287

2130
2229

2536
2794

2262
2508

1246
1313
1279
1246
1255
1250
2162
2419
2290
1930
2170
2050

2047
2186

5017
5910

2462
2734

2161
2447

1177 
1252 
1214 
2880 
3386 
3133 
2101 
2366 
2233 
1627 
1872 
1749

2045
2125

2276
2539

1174
1218
1196

1940
2195
2067

same is true n otab ly for C By  and x. The tw o curves 
of C Ax and C B x  are nearly parallel. Investigation 
showed that the tw o coatings represented b y  these 
have almost the same com position. W hile in the 
process being outlined, coatings are judged b y  w hat 
they “ d o” rather than b y  w hat th ey  contain, y e t it 
is apparent th at their conduct under the test is a 
function of their composition.

FlC. 14

as a measure of durability  w ould be upon the best 
exterior paints. F ive representative outside whites 
were among the first exposed (in duplicate panels) 
and tested at convenient periods. Fig. 13 is an em ­
bodim ent of the facts developed in the tabulated  
perm eabilities on page 546:

Fig. !4  is a photograph of panel No. 1 for paint 
C Ay, which went to pieces so rapidly. The illus­
tration is of its condition after three days exposure. 
It is checked up even worse than the view  indicates.

Two exterior enam els were spread on panels in 
duplicate and tested a t frequent intervals for nearly 
two weeks, at the end of w hich tim e th ey  had begun 
to break down. Fig. 20 and the accom panying 
table explain the effect of exposure upon them.

The values on duplicates agree v e ry  well. E  D 
s- ows up far better than E C, the latter being covered

The com position of these whites corresponds some­
w hat to their conduct. C K  has the highest per 
cent of lead and of pigm ent of the five and its curve 
exhibits n ext to the greatest bends. One of the 
panels of C K  has a small crack, so th at this covering 
w ill probably be the second to break down. Gener­
a lly  cracks and checks appear sim ultaneously on 
duplicates, and the resulting increased perm eabilities 
agree well. C L  contains the highest percentage of
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zinc, and its curve has the least tendency so far to 
turn upwards. C 0  is composed of less zinc than 
C N and possesses a correspondingly greater inclina­
tion upwards in change of perm eability. C N and 
C M have about the same composition, and the curves 
for these are similar up to the thirty-sixth  day. Each 
contains one or more inert pigments but C N holds 
less zinc and less of the inerts. A t the final measure­

m ent both panels of C N showed cracks to about the 
same extent. I t  is difficult to believe that the ex­
planation for the difference in conduct of these two 
coatings is to be found in the published analyses. 
R ather, the w riter believes th at in the nature of the 
“ jap a n s”  used in both cases originates the marked 
contrast.

It  would probably take six m onths under present 
R e s u l t s  o n  F ig . 13— O u t s id e  W h it e s

W eight of 
coat

as. D ays 
o. in te rva l

C K o ...........
Average.

C K i .......
C K 2...........

Average.
C L , ........
C L2.............

Average.
C L , .......
C L o ...........

Average.
C N ,...........
C N 2...........

A verage.
C N ,...........
C N2...........

A verage.
C O ,.......
c o2........

Average. 
C O , .......
c o2........

Average.
C M ,......
C M 2......

Average.
C M ,........
C M j...........

A verage.

P erm eability  

A ctual B y  w eight

P erm eab ility P erm eab ility
Meas. D ays 
No. in te rva l

M eas. D ays
A ctu a l B y  w eigh t No. in te rv a l A ctual By weight

22 .08 1 0 1466 3237 2 17 1204 2658 3 19 1046 2310
19.41 1 0 1233 2393 2 17 890 1728 3 19 800 1553

1 0 2815 2 17 2193 3 19 1931
4 53 900 1987
4 53 749 1454
4 53 1720

11 .03 1 0 2349 2591 2 17 1961 2163 3 19 1840 2030
11.61 1 0 1922 2231 2 17 16 33 1896 3 19 1371 1592

1 0 2411 2 17 2029 3 19 1811
4 53 1324 1461
4 53 1116 1295
4 53 1378

1 4 .0 3 ’ 1 0 1382 1939 2 17 1054 1452 3 19 867 1216
14 .SS 1 0 1308 1946 2 17 979 1457 3 19 797 11S6

1
4

0
53 1229

1942
1725

2 17 1454 3 19 1201

4 53 1040 1548
4 53 1636

10.90 1 0 15S0 1722 2 17 1204 1312 3 19 1064 1160
10.91 1 0 1520 1658 2 17 1227 1339 3 19 1070 1167

1
4

0
53 982

1690
1071

2 17 1325 3 19 1163

4 53 888 969
4 53 1020

14.22 1 0 1623 2308 2 17 1155 1642 3 19 9S0 1394
14.80 1 0 1491 2207 2 17 1196 1770 3 19 990 1465

1
4

0
53 815

2258
1159

2 17 1706 3 19 1429

4
4

53
53

S44 1249
1204
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R e s u l t s  o n  F ig . 19— S e v e n  R e d  L ea d s

P e rm e a b il i ty  P e rm e a b il i ty  P e rm e a b il i ty
W e ig h t  o f  M eas. D a y s  . * . M eas. D a y s    ‘   M eas. D a y s  .-----------•------------

c o a t  N o . in te rv a l  A c tu a l  V o lu m e  N o . in te rv a l  A c tu a l V o lu m e  N o . in te rv a l  A c tu a l  V o lu m e
I) s t ........ 1 0 478 422 2 18 317 306 3 15V2 250 220
ß s 2............... 1 0 6S5 507 2 18 640 450 3 151/a 703 522

Average........... 1 0 464 2 18 378 3 15 V 2 371
D T. 1 0 866 532 2 18 558 343 3 151/2 463 285
D U ....... 1 0 626 462 2 18 479 355 3 151/2 467 345
D X ........ 1 0 652 417 2 18 452 289 3 15V2 323 207
D Y ......... 1 0 696 412 2 18 481 283 3 15 Va 378 223
D Z . . . 1 0 1307 937 2 18 557 399 3 15V2 599 430
E A ___ 1 0 1076 680 2 18 861 497 3 15VZ 645 373

exposure should not g ive greater contrasts, b u t from while E  M is short linseed and rosin. E  N is the
another point 0f view , this is a fine testim ony to same as E  M w ith china wood substituted for linseed
straight oil m ixtures. The w riter believes th a t it oil. Of course, the term  “ short o il”  does not refer
ls merely a m atter of patien t search to find the arti- in each case to the same low  percentage of oil.

ficial clim ate that w ill break down even the best 
coatings in three m onths, im itatin g nature w ith 
valid  results, but using a greater inten sity and variety  
of weather. Herein lies the “ tr ic k ”  of securing 
quick results.

W e come now to the evaluation of m etallic cover­
ings. A  great m any attem pts have been m ade to 
im prove the time-honored red lead and oil. Seven 
of such m odifications were selected as typ ica l of the 
trend of im provement, and the m ixtures were brushed 
on steel wire-cloth panels, one being run in duplicate. 
These paints contained five pigm ents, w hich show 
the va rie ty  of coverings placed in com parison. The 
data below correspond to the curves in Fig. 19.

The results are reported on a basis of volum e (weight 
perm eability divided b y  the specific g ra v ity  of the 
paint) and. therefore show w ithin the lim its of e x ­
perim ental error the true differences in perm eability 
of these protective coverings. F or exam ple, E  A  
is m uch more pervious than D X  and differs from it 
sim ply in containing a better grade of red lead. D X  
and D Y  are alm ost identical in conduct, y e t D Y  
has the greater percentage of pigm ent. D T  carries 
the least pigm ent of all and is next to the worst, 
y e t  is not highest in perm eability, as m ight be. ex­
pected. D Z contains a w ater absorbent, and its 
curve indicates th at it is set apart from all the others. 
D S and D U differ m erely in inert constituents and 
their changes in perm eability are similar. A  con­
tinuation of the m easurements would prove instructive.

The kind of exposure given the panels so far con­
sidered w as th at of a severe tropical clim ate, ill adapted 
to interior coatings, though results obtained even on 
the interior varnishes of Fig. 8 agreed rem arkably 
w ith  experience. In order to secure the interm ediate 
history of such coatings, eight were spread on panels, 
m ostly in duplicate, and given an exposure corre­
sponding to the m ountainous regions of our arid south­
west. The hum idity w as high for about an hour 
each day, but no rain ever reached the coatings. In  
other respects the exposure was the same as th at 
heretofore described. Fig. 21 explains their conduct 
under these conditions.

E  F  is a medium com bination oil (linseed, china 
wood) and m anila varnish. E  G  is short oil (linseed) 
and No. 1 kauri. E  H is short linseed and manila. 
E  K  is medium china wood and rosin. E  L  is dam m ar,

conditions to secure - incontrovertible conclusions. 
The results, however, check up nicely in rate of change 
of permeability. The panels have all gone more or 
less flat. It is gratifyin g  th at in eighty-one days one 
first-class exterior oil paint has been broken down 
and another has started on the dow nward grade. 
Just how far we m ay speculate as to the relation of 
these changes to durability  is difficult to state. The 
tale is hardly half told. P ractical experience is the

final arbiter, and the process should be com pared w ith 
the consensus of expert opinion. Should a  p rotective 
covering, for exam ple, be high or low in perm eability 
>n order to afford the highest degree of protection 
consistent w ith all the other useful qualities of the 
pamt film? Assertions are easily made, b u t there 
are so many variables in a general problem  of this 
kind that a theoretical point of view  appears inad­
visable. The accom plishm ent of a practical solu­
tion would seem possible b y  the process being out­
lined, given a sufficiency of the right kind of exposure. 
It is a disappointm ent th at eighty-four d ays of severe
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Comparing now Fig. 21 w ith Fig. 8 and remembering 
th at th e'form er concerns interior and the latter ex­
terior exposure, we see that in general the results are 
not divergent. The dammar holds up better on the 
interior, as we should expect. The short linseed

It has already been observed th at among the many 
possibilities in im itating actual service conditions 
b y  the process of testing here presented is the use of

rosin coating in both cases is not so good as that con­
taining china wood oil (E M and E N ; B E  and B F).
E  K , the medium combination manila, was not tested the same surface for painting as the liquid is designed
with those shown on Fig. 8, but in Fig. 21 it holds its to cover. In the following results (Fig. 1?) obtained
own quite satisfactorily. The No. 1 kauri coating on cem ent coatings, the porous surface used was 3/i

R e s u l t s  o n  F ig . 21— I n t e r io r  V a r n is h e s

P erm eability  P e rm eab ility  Permeability
W eight of M eas. D a y s ----------- ‘----------- . M cas. D ays • — , M eas. D ays  ----------- *--------- -

coat Xo. in te rva l A ctual B y w eight No. in te rv a l A ctual B y  ■weight Xo. in te rv a l A ctual By weight
E  F ! .............................................  3 .4 5  1 0 2716 937 2 15>/2 2247 775 3 11 2150 741
E Fa.............................................  4 .0 2  1 0 273S 1106 2 15>/2 2550 1025 3 ! 1 2188 879

A verage .....................................................  1 0 . .  1018 2 15>/a . .  900 3 11 S10
E G ...............................................  3 .3 0  1 0 2566 S47 2 15V 2 2102 694 3 11 1911 631
E  H i............................................. 3 .4 6  1 0 3227 1117 2 1 5 '/2 2620 907 3 11 2554 884
E H ) ............................................  3 .3 3  1 0 405S 1352 2 U V 2 3320 1105 3 11 3358 11 IS

A verage ...............................  . .  1 0 1234 2 1 5 '/s  1006 3 11 . .  1001
E  K ...............................   3 .7 9  I 0 2876 10S9 2 15’/2  2659 100S 3 11 24 3 7 924
E L ............................................... 4 .2 4  1 0 1568 837 2 14»/» 2676 1135
E M .............................................. 4 .7 5  1 0 1553 738 2 7V 2 1772 842 3 7 2368 H25
E X .............................................. 4 .4 6  1 0 155S 695 2 7>/2 1615 720 3 7 1634 728

which was broken down in five and a half days on the inch thick and wTas composed of i p art of P o rtlan d
exterior shows little  sign of rising in perm eability cement to two parts of sand. The liquids were pur-
during tw en ty-six and a half days on the interior, chased in the open m arket, the cans being labeled
Thus, some of the history lost in Fig. 8 is now recov- “ dam p-proof,”  “ w ater-proof,”  “ steam-proof,” and

ered but even here more frequent measurements a t other like claims. E v id en tly  C E , C F, and CG
shorter intervals would be necessary in order to es- afford little, if an y protection, though C F is the best
tablish a com plete record of the behavior of these of the three. C H stands apart from the others,
varnishes. being low in perm eability throughout, and justifying

W eight of 
coat

M eas. D ays 
Xo. in te rva l

R e s u l t s  o x  F ig . 12— Ce m e n t  Co a t in g s  

P erm eab ility
M cas. D ays

P erm eab ility Permeability

M eas. D ays
A ctual B y  w eight No. in te rva l A ctual B y  w eight Xo. in te rv a l A ctual By weight ^

15.49 1 0 1457 2255 2 2 1663 2578 3 1 2073 3209
4 • lV a 39S0 6165

7.51 1 0 914 6S6 2 2 177S 1335 3 1 4523 3398
4 iy 2 72S6 5472

S.5S 1 0 4293 3682 2 2 4007 343S 3 1 49S0 42S0
4 lV a 97S1 8392

9 .12 1 0 740 6S0 2 3 697 635 3 V / 2 640 5S



July, 1913 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 549

its water-proofing claim s. The data are published 
simply to indicate the possibilities in some such m ethod 
for evaluating these coverings.

By the resu ts, C F  and C G afford tolerable pro­
tection in keeping the w ater out at first, and through 
the beneficial va lve  action previously dem onstrated, 
they will let out all excessive m oisture in the con­
crete beneath. C E , however, is nothing else than a 
sieve, though it retails a t S i .  7 5 per gallon.

The basal difficulty in the presentation of this paper 
is a proper selection from  the w ealth of experim ental 
and speculative m aterial a t hand. The question of 
the mechanism b y  w hich w ater passes upwards through 
a panel during a m easurem ent of perm eability is im ­
portant, since the same m ovem ent occurs in actual 
exposure, but space does not perm it a com plete dis­
cussion. Certainly on the apparatus, it is in p art at 
least a phenomenon of gaseous diffusion, for the 
water is in the form  of vapor where it touches the 
film. The far larger portion of w ork published on 
diffusion and osmosis has dealt w ith  the gas or liquid, 
and very little emphasis has been placed upon an y 
view from the standpoint of the mem brane. A s far 
as the paint film itself is concerned, it would seem unwise 
to presuppose a fundam entally different process for the ' 
passage of w ater through it according to w hether 
this happens to be in con tact w ith  it in the liquid 
or gaseous state. K ah len b erg1 and others have in­
dicated that "sem i-p erm eab ility” depends on a chem ­
ical similarity betw een the m em brane and the sol­
vent, by which the la tter dissolves on one side and 
escapes on the other through a difference in solution 
or osmotic pressure, the solute, being far less soluble, 
passing through m uch less rapidly. I t  appears to 
be thus a question of solution, little though we under­
hand the term. A  va rie ty  of experim ents are pro­
jected to test this point as regards paint films. If 
such a coating becom es less soluble in w ater as it 
dries, the fact w ould account for the decrease in per­
meability due to heating or drying, the latter being 
true.

The writer has further found th at continuous 
contact of a thoroughly dried linseed oil skin w ith 
water causes a steadily increasing absorption up to  at 
•east fourteen per cent, as shown b y  increase in weight 
01 skin. In other words, a condition of equi- 
■brium between liquid w ater and lin oxyn  dem and a 

Jgh percentage of w ater dissolved in the paint film, 
as between aqueous vapor and linoxyn, equi- 

1 rium would be reached a t a lower percentage, 
frying with the nature of the substance in contact 
H'th the vapor and w ith  the vap or pressure. W e 

e in the latter, one of the com ponents of the m arked 
? ect °£ changing tem perature on the results obtained 
y use of the perm eability  apparatus. D uring a 

measurement on the same, w e m ay im agine the coat- 
to be divided up into a large num ber of layers. 

e lower layer contains the highest percentage of 
being in contact w ith  the vap or saturated air. 

e upper layer holds the low est percentage of w ater 
ecause of contact w ith air k ep t a t v e ry  low  hum idity.

1 Jour. Pkys. Chan., 10, 141.

The actual percentage in both cases will depend on a 
num ber of factors, among which is the dissolving power 
of the coating. Betw een these tw o layers there will 
be a uniform decrease in w ater content from  the low er 
to the upper, if the affinity for w ater is the same 
throughout all layers. These differences in concen­
tration cause corresponding differences in solution- 
tension, resulting in an upward m ovem ent of dis­
solved w ater through the surface covered and the 
coating. W ith  gases other than aqueous vapor and 
m em branes other than paint and varnish coatings, 
the same explanation for perm eability as outlined 
should be postulated, and the apparatus is adapted 
to such a line of inquiry.

It  does not seem necessary to postulate the existence 
of m icroscopic or even ultram icroscopic pores in the 
fresh paint or varnish film, though this theory seems 
to be generally believed b y  experts. A s the coating 
becomes thinner through saponification and the re­
sultant form ation of more soluble products leaving 
a ch alk y  upper surface or when it has lost its elas­
t ic ity  and has begun to check or crack, then indeed 
pores are evidenced b y  the rise in perm eability; the 
panel has begun to break down.

The foregoing work is believed to be a good start 
tow ards an accurate rating of protective coverings. 
The investigations wrill be continued b y  the w riter 
along all lines as rapidly as is practicable w ith  the co­
operation of his students and of m anufacturers. He 
desires to express here his thanks to the P atton  P ain t 
Com pany, the Pitcairn  Varnish Com pany, and the 
Corona Chemical Com pany for the space in their 
join t laboratories which has been courteously afforded 
during this research, and for the stim ulating interest 
and a t tim es.assistance of their officials and experts.

M ilw a u k e e ,  W j s .

THE DETERIORATION OF FIR EBR IC K S DURING SERVICE
B y  G il b e r t  R ig g  

R ec e iv ed  A p r il  15,1913

The duration of life of a firebrick during service 
depends upon a m ultip licity  of factors, physical and 
chem ical, not all of which are b y  an y means understood. 
These factors m ay be grouped under three heads, 
n am ely :

(1) The m anufacture of the brick.
(2) The laying of the brick.
(3) The application of the brick.

E ach  of these groups of factors has a profound 
effect upon the value of the other tw o in determ ining 
the life of a brick  during service. The third group is to 
a large exten t out of control (but not a ltogether; for 
exam ple, carelessness in drying out and starting up a 
furnace will in m any cases shorten the life of the lining). 
T aking the third group as fixed, then, the problem  
becomes: How can the other tw o groups be varied
so as to minimize as far as possible the destructive 
influences in the furnace?

The problem  is com plicated b y  the fact th at the 
three groups of factors are controlled b y  three different 
sets of men, and to a large exten t each of these sets 
of men understands only the group of factors w hich he
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controls. If the brick m anufacturer thoroughly un­
derstood the nature of the effects which his bricks 
would have to  withstand, or if the furnace operator 
knew w hat m ethod of m anufacture would best meet 
his conditions, the m atter would be a great deal sim ­
plified. This desirable state of affairs, however, 
belongs to a large extent to the future.

Figs. 1 and 2 are photographs of tw o bricks which

Fic. 1

have been broken across through the layer of slag 
which has attached itself to one of their surfaces. 
In Fig. 1, the slag shows a clear line of separation from

F ic . 2

the brick: in Fig. 2, the slag blends into and penetrates 
the brick. 1  he first brick will undoubted!}' outlast

the second. F or th is particu lar purpose brick No. 1 
is b y  far the best article, b u t I have no doubt that for 
some purposes brick No. 2 w ould be perfectly satis­
factory. W h at can be done to standardize brick No. 
1 for this particu lar purpose?

N ow  I wish a t the outset to m ake perfectly clear 
th at I do n ot claim  to be an expert firebrick maker. 
I am  concerned on ly  w ith  the application of firebrick 
to certain branches of m etallurgy. I have been 
tryin g to find out w h at relation exists between certain 
types of brick  and the duration of life of these brick 
in certain applications, and the nature of the de­
structive action w hich brings about their decay and 
final failure. Further, I have tried  to standardize 
these typ es b y  various tests and m ethods of examina­
tion, and have attem pted  some w ork along synthetic 
lines, to develop masses havin g certain desirable char­
acteristics. In  this paper I am going to define as 
clearly  as I can the d estructive influences which I 
have found to  be of param ount im portance in de­
term ining the life of firebrick and to indicate the type 
of mass w hich I have found best fitted  to resist them.

I do not propose to deal w ith  such m atters as failure 
b y  sim ple fusion of the brick. The rem edy for this is 
obvious. A lso w ithin broad lines failure through 
chem ical influences is w ell understood. Anyone who 
lines a furnace w ith  silica brick  and then exposes it 
to a stron gly basic slag deserves w h at he gets. I am 
going to assum e th a t the c la y  is reasonably well suited 
both in com position and refractory coefficient for the 
w ork it has to do and proceed to  discuss its application 
from  th at standpoint.

The d estructive agencies th at com e into action in 
the applications I h ave been considering m ay be divided 
into tw o groups: (1) L iquid. (2) Gaseous.

D E S T R U C T IO N  B Y  L IQ U ID  M A T E R IA L S  (S L A G S , ETC.)

T his class of d estructive influence is frequently 
h ighly effective. G iven a refractory  mass with pores 
or openings into w hich slag can penetrate, it is only a 
m atter of tim e for the m ass to  have undergone a more 
or less com plete change in its chem ical and physical 
properties. The exten t to w hich this change may take 
place, and its effect on the life of the brick depends on 
certain factors w hich we shall now  consider.

The slag as it enters the body of the brick begins to 
take up and dissolve fireclay w ith  the result that its 
tem perature of fusion rises. I t  m ay happen that by 
the tim e the pores of the b rick  are filled up with slag, 
or rather a com bination of fireclay and slag, the point 
of fusion of the com plex m ass is higher than the 
furnace tem perature. This is m ore lik ely  to happen 
w ith  dense bricks, of low  porosity, than with loose 
textu red  ones.

Good exam ples of th is condition are frequently found 
in spelter retorts. The c la y  of w hich these are made 
will stand a tem perature of 1700° to 1800° C., but after 
being w ithdraw n from  service pieces of clean retort 
m aterial, free from  encrusting slag, m ay be found to 
have a fusion point 300° or 4000 lower. A  thin slice 
of such a specimen, exam ined under the microscope' 
w ill show num erous cavities, m an y of wrhich are fi*le
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with slag, and it is doubtless th is slag w hich brings 
down the fusion point (Fig. 6).

With most, if not all, slags, the v igor of the a tta ck  
on fireclay appears to be a function of the tem perature. 
Some slags a little  above their m elting points w ill lie 
in contact w ith  the fireclay m ass w ith ou t an y  serious 
degree of com bination tak in g  place. A t  a higher 
temperature, how ever, the vigor of the a tta ck  w ill 
increase. The absorption of the fireclay b y  the slag, 
as the tem perature rises, causes the slag to  becom e 
more viscous, so th a t we have the apparent anom aly 
of the slag stiffening w ith  rise of tem perature.

When the slag occurs on the hottest surface of a 
refractory mass as is the case w ith  a b last furnace 
lining, the destructive effect is not usually  as m arked 
as when the slag occurs on the coolest surface as in a 
retort or muffle. U nder the form er conditions the 
slag as it penetrates into the brick  m eets w ith  a falling 
temperature and soon freezes, while under the latter 
the slag as it penetrates m eets w ith  a  rising tem perature 
and its destructive effect is enhanced

What is the rem edy for this state of affairs? Clearly 
with a uniform solid mass free from  fissures or pores, 
penetration w ould be distributed even ly over the entire 
surface. W h atever destruction took place w ould be 
at the surface. In m uch of the refractory m aterial 
on the m arket, how ever, this condition does not ob­
tain. The mass is non-uniform , contains num erous 
fissures and pores and irregular penetration is the rule 
rather than the exception.

Fortunately it is not a difficult m atter to determ ine 
on a test piece of a refractory  brick  w h at are the pros­
pects of a g iven  m olten m aterial penetratin g and 
destroying. F or some years I have used the follow ing 
method, which presents certain advantages.

The size of the test piece m ay v a ry  w ithin a wide 
range, from a full-sized block dow n to a cube 2 X 2 X 2  
inches according to circum stances. In  an y  case the 
surface to be tested  for penetration should be a natural 
surface, not one produced b y  chipping and grinding 
unless it is specially desired to t ry  out w h at w ould 
happen under these conditions. A s an indication of 
how a given typ e  of' brick  w ould behave under the 
action of a given flux, the natural skin of the brick 
should alw ays be used for th e testing surface.

The slag should also be m ade into a cube b y  crushing 
fine and working up w ith  a little  dextrine and water, 
°r glue. W ith  a  2-inch cube of firebrick, a i-in ch  
cube of slag should be used. In cu ttin g  the firebrick 
cube care should be taken  to reject a n y  specimens 
when cracks have developed in the test surface due to 
cutting.

The cube of fireclay is placed in a muffle or crucible 
with the slag cube on top of it, and the tem perature 
raised to th at to w hich the brick w ill be exposed in the 
•urnace for w hich it  is destined. The slag m elts on 
t -e surface of the brick and its relation to  the latter 
can be readily studied after rem oval from  the furnace 
and cooling.

In some cases it is desirable to use the constituents 
0 the furnace charge, pow^dered and form ed into a

cube, instead of the slag, in cases where the brick will 
be exposed to these substances rather than to the slag. 
In  all cases there should be careful regulation of the 
tem perature of the test so th at it approxim ates as 
closely as possible to the w orking tem perature. If 
the test tem perature is too low, an inferior brick m ay 
show up well, and if too high, a satisfactory brick  m ay 
be rejected.

T h e appearance of the test piece is frequ en tly  highly 
characteristic, and several typ e  cases m ay be de­
scribed. I t  m ay be pointed out here th a t the ex­
am ination of thin slices of the test piece under the 
m icroscope frequen tly  affords valuable evidence as 
to the resistance of the sample to penetration.

Case 1 .— The slag has m elted and spread over the 
surface of the brick like an enam el. On breaking the 
piece across there is a sharp line of dem arcation be­
tw een the slag and the brick, and no staining of the' 
mass, or veins or particles of slag below  this line. 
T he line of separation is approxim ately  straight.

T his result indicates a low degree of perm eability 
and a high resistance to  penetration on the p art of the 
test piece. M icroscopic exam ination should show the 
particles of fireclay clear and sharp against the slag.

Case 2 .— The slag has m elted and spread over the 
surface, and the fireclay n ext to the slag is stained or 
semifused, or otherwise altered. P enetrating veins 
are absent. The dividing line tends to  be convex 
tow ards the fireclay.

This usually means a com bination betw een c la y  and 
slag, and m ay indicate speedy destruction of the brick. 
B y  repeating the experim ent one or more tim es w ith 
fresh cubes of slag, using the same test piece of brick, 
the discolored layer m ay increase and tend to blend 
w ith  the slag layer above, the d ividing line being 
obscured and more and more con vex downwards. 
T his means th at a  com pound is being continuously 
form ed b y  the slag and brick whose fusion point is 
below  the w orking tem perature of the furnace. In 
some cases, however, successive additions of slag sim ply 
pile up on the brick and penetration does not increase 
in depth, indicating th at the low er layers of the com ­
pound are too infusible a t the tem perature of the 
furnace to  penetrate further. In  this case the brick 
has a  good chance of standing up under the w orking 
conditions. This result is rarely  seen, excep t in bricks 
whose com position is homogeneous and textu re  fine. 
W ith  bricks com posed of tw o or more clays, p ar­
ticu larly  when one c la y  is in the form  of grains im ­
bedded in a plastic bond form ed b y  the other, the tw o 
clays w ill usually resist to a  different degree, the bond 
c la y  suffering the m ost, and the discolored layer w ill 
approxim ate in character to the n ext case.

Case 3 .— T h e slag has m elted and spread over the 
surface and has sent veins into the clay, these veins 
pen etratin g more or less deeply into the brick. W hen 
the brick  is com posed of tw o or more clays as described 
in th e foregoing case, the veins usually penetrate 
betw een the grains of the m ost refractory clays, and 
after repeating the experim ent several tim es on the 
sam e sample the grains of the more refractory c lay
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will appear imbedded in a fused m atrix composed 
of a com bination of the original slag w ith  the more 
susceptible clay.

This type of penetration is exceedingly common 
and is responsible for a great deal of firebrick failure. 
I t  is com monly supposed, and w ith a considerable 
measure of truth, th at brick composed of finely ground 
clays (say through 10-mesh) are more liable to split 
when heated and cooled than bricks th at are coarse- 
textured (say through 3-mesh). W hen a finely ground 
brick gives w ay  under sudden changes of tem perature 
it does so along one or more well m arked lines and as 
a result pieces frequently come off bodily, and the 
brick is said to spall. It is a m istake, however, to 
suppose th at a coarse-textured brick does not change 
a t all w ith sudden changes of tem perature. Such 
bricks often do, but owing to their structure, the 
strain is relieved b y  a great number of small fissures 
ram ifying through the mass between the coarse, hard 
grains, but not sufficiently continuous to cause 
actual falling to pieces of the mass. It  is quite com ­
mon to find old firebricks of this typ e (and even new 
ones also) which, if broken w ith a hammer, allow the 
coarse grains to drop out of the m atrix like loose teeth. 
The minute fissures or areas of separation between 
grain and bond, which perm it of this disintegration, 
undoubtedly facilitate the penetration of slags ac­
cording to Case 3, and lead eventually  to failure.

A  striking exam ple of the working of this principle 
is seen in the arches of the zinc oxide furnaces. The 
under side of these arches is continually bombarded 
by minute particles of ore from the charge and zinc 
oxide smoke. A  p art of these m aterials adheres to 
the arch and forms an incrustation called rock oxide, 
which m ay reach a thickness of several inches. The 
furnaces are exposed to great fluctuation of tem pera­
ture, as the residuum is drawn periodically and a fresh 
cold charge put in im m ediately after.

N ow actual experience shows th at coarse-textured 
bricks spall under these conditions far more than fine- 
textured ones. In  the former case pieces of rock 
oxide drop from the arch from tim e to tim e w ith  large 
pieces of brick adhering to them. In the latter case, 
the rock oxide will come aw ay leaving the brick behind. 
I have frequently seen large masses of rock come down 
bearing the imprint of several bricks on its surface of 
attachm ent, showing how close the contact had been, 
and y e t  little or none of the brick had come aw ay.

In the case of the coarse brick we have alw ays 
found th at the rock oxide had penetrated into the 
fissures of the brick, separating the grains and solidi­
fying between them. These penetrating veins are 
continuous w ith the mass of rock oxide clinging to the 
arch, and when the weight of this mass becom es too 
great to be supported it falls, dragging w ith it a portion 
of the weakened brick.

S trictly  speaking this is not a case of spalling at all. 
I t  is a case of rupture under load, the attachm ent of 
the load to the interior of the brick being effected b y  
the penetrating veins. The tendency of a fine-grained 
brick to split and fall to pieces has, I think, been con­

siderably overrated. B u t it is quite possible to pre­
pare a close-textured brick  containing considerable 
am ounts of coarse m aterial, provided th a t proper care 
is taken  in sizing the grog. The problem  appears to 
me to be v e ry  m uch on the same lines as concrete 
m ixing, and has been discussed a t some length by me 
in a previous pap er.1 In m aking concrete, care is 
taken to m ix the different sizes of rock, etc., in such 
proportions th a t the interstices betw een the larger 
fragm ents shall be filled as com pletely as possible by 
sm aller fragm ents, and this result is achieved by first 
sizing and then m ixing the different sizes in definite 
proportions. B y  this scheme the am ount of cement 
necessary to fill up the spaces betw een the pieces is 
reduced to a m inim um .

Consider now the case of a brick m ade up of a highly 
refractory nonplastic flint clay, of low  shrinkage 
capacity, and a p lastic bond clay. The former is 
ground to pass, say, a 4-mesh screen, and mixed up to 
a stiff dough w ith  the latter. The flint-clay being 
non-plastic is not affected b y  the w ater. The bond- 
clay  being h ighly plastic, takes up the w ater and forms 
a p lastic m ass in w hich the grains of the flint clay are 
im bedded.

D uring the process of drying, the w ater evaporates 
and the mass shrinks. T h e flint-clay takes no part 
in this shrinkage. On the con trary  it resists the 
shrinkage strongly, form ing a sort of skeleton which 
tends to  m aintain the dimensions and form of the 
brick. The loss of volum e due to the evaporation o£ 
the water, in so far as it is resisted b y  the flint-clay 
skeleton, m ust be taken  up b y  the bond-clay, and in 
consequence the latter develops fissures and pores.

D uring burning the mass shrinks still further. If 
the flint-clay has a low fire-shrinkage, and the bond- 
clay  a high one (and this d istribution of properties 
is common) the bond clay  undergoes a further straining 
and is consequently rendered still w eaker a n d .  more 
open-textured than before.

A  parallel case m ay  be quoted here b y  w ay  of illus­
tration. B oth  firebrick m anufacturers and brick­
layers agree th at poor bricklaying w ill spoil good 
fire brick. B y  poor bricklaying I mean failure to 
bring the surfaces of adjacen t bricks into the closest 
possible contact. The c lay  w hich is used as mortar 
betw een the bricks is a v e ry  poor substitute for brick. 
I t  shrinks a good deal during the drying and burning 
and becom es fissured and porous. Consequently if 
wide joints are allowed, either on account of poor 
bricklaying, or on accoun t of w arped and badly 
shaped brick, the slag rapid ly  a ttack s the clay, eats 
its w a y  betw een the bricks, and the structure is soon 
destroyed.

On a m uch more m inute scale this is what takes 
place in the case of bricks where the bond clay  is badl\ 
distributed. Just as in the structure, so in the brick, 
the bond clay  should be reduced to the sm allest p o ss ib le  

am ount w hich w ill fill properly the interstices between 
the grains of grog. If a high refractory c o e f f i c i e n t  is 
obtained b y  cu ttin g  dow n the am ount of bond cla) 
regardless of this condition we obtain  a weak an

1 Met. Chem. Etuj., 8, 523.
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to nine of grog. The follow ing figures were obtained: T h e contact between the grains of grog and the bond
O riginal grog s ized  grog is v e ry  close and perfect.

Breaking s tra in  lbs. per sq. in 243 371
K re-shrinkage, p e r c e n t   4 .8 4  5 .4 4  D E S T R U C T IO N  B Y  G A SE S

The gain in strength shows a close adhesion of bond T his is less general than destruction b y  liquids but
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F ig . 4

to
§rog and greater freedom  of the bond from  fissures

F i g . 6

nevertheless p lays an im portant part at tim es. W ith

crumbling brick w hich is readily penetrated  and des­
troyed. The bond should fill the spaces between 
the grains as thoroughly as the cem ent fills the spaces 
between the rock fragm ents in the concrete, and w hat 
is of paramount im portance, the spaces to be filled 
should be cut down to the sm allest possible dimensions.

A single exam ple m ay be quoted from  the paper 
referred to above:

A grog was used giv in g  the follow ing m echanical 
analysis:

P e r  cen t 
T h ro u g h  10 on  16 42
T h ro u g h  16 on 25 22
T h ro u g h  25 on  30 9
T h rough  30 on  50 12
T h ro u g h  50 15

From this another grog w as m ade up:
P e r  c en t 

T h rough  10 on 16 24
T hro u g h  16 on  30 26
T h ro u g h  30 50

These two grogs were w orked up w ith  bond clay  and 
burned at n o o °  C. Seven parts of c la y  were used

and pores. This is borne out b y  the higher shrinkage 
of the mass w ith  the sized grog.

Figs. 3 and 4 are photos of thin slices of firebrick 
m agnified 40 diam eters. In  Fig. 3 the grains of grog 
have separated from  the clay  bond, as shown b y  the 
clear space surrounding them. In  Fig. 4 the adhesion 
of bond to  grog is much closer. I m ay say  th at slices 
of brick are v e ry  difficult to prepare as the brick  su b­
stance has a great tendency to  crum ble. The speci­
mens usually show num erous cracks and holes in con­
sequence.

Fig. 5 is a photograph of another slice showing a 
c a v ity  in a brick eaten out and filled b y  slag. In this 
case the "slag has penetrated into and dissolved and 
absorbed the brick substance, w hich shows sm ooth 
contours surrounding the slag inclusion.

Steam  or hydraulic pressing, and re-pressing help 
v e ry  m aterially  in fortifyin g brick against slag pene­
tration, b y  closing up the fissures and pores. Fig. 
6 shows a slice of spelter retort w hich has been m ade in 
a hydraulic press, after being in service a m onth.
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the exception of hydrofluoric acid gas, direct destruc­
tion of firebrick b y  gas does not occur to an y extent. 
W here gases are prim arily responsible for trouble 
th ey  usually act as conveyors of the destructive in­
fluences which are them selves either liquid or solid.

A  fam iliar exam ple is th at of salt-glazing. The 
articles to be glazed are exposed to the vapors of 
sodium chloride. In  contact w ith  the hot fireclay 
sodium silicate is formed and the chlorine is liberated. 
If the operation is unduly prolonged the clay  is eaten 
aw ay b y  the accum ulating glaze. A  sim ilar action is 
sometimes m et w ith in furnaces where alkaline chlorides 
are found in the furnace gases.

A  very  curious case of firebrick destruction b y  gases 
has recently been described b y  Prof. Osann (“ Re-' 
duktion und K ohlung in Hochofen, in Zusam m enhange 
m it H ochofenstorungen,” Stahl und Eisen, No. 12, 
1912). The trouble is usually m et w ith  in the top 
lining of blast furnaces. The bricks w eaken and 
crumble aw ay, more or less rapidly, w ithout exhibiting 
any sign of fusion. In  fact the low tem perature at 
the top m akes fusion impossible.

In  a case which cam e under m y observation three 
years ago, the facts were made more striking because, 
owing to certain furnace troubles, the heat in the top 
had been excessive and the inner ends of the bricks 
were burnt hard. The outer ends n ext the shell 
appeared to be sheared. T h ey scaled off in laminae, 
parallel to the shell, and the faces of the lam inae were 
covered w ith patches of carbon. From  the centers 
of the patches a m inute grain could be w ithdraw n b y  
a m agnet. W e therefore had the curious phenomenon 
of the hot ends of the bricks being in good shape and 
the cold ends destroyed.

Prof. Osann in the paper referred to above explains 
v e ry  clearly w hat is taking place. I t  is w ell known 
th at carbon dioxide in contact w ith  red hot carbon 
becomes more or less com pletely reduced to CO, the 
equation being

C 0 2 +  C = 2CO
The completeness of the reduction to CO is a func­

tion of the tem perature. A t  1000° C. the reduction 
is practically  complete. A t  500° C., a tem perature 
frequently m et w ith in blast furnace tops, it is very  
far from complete.

Now the foregoing reaction is reversible, and in the 
presence of a catalyst, the reaction proceeds rapidly. 
The com position of the gas com ing from  the lower 
part o f-th e  furnace corresponds to a tem perature a t 
which the reducing reaction is com plete. W hen the 
gas arrives at, the top, and comes in contact w ith  p ar­
ticles of iron oxide contained in the brick, the reaction 
reverses and carbon deposits. This carbon accum u­
lates, in the substance o£ th e  brick until the latter is 
com pletely disintegrated.

It  is notew orthy th at this carbon deposition is par­
ticularly  noticeable in the bond clay  w hich has been 
used for laying up the bricks. W hen an old lining 
is being taken out it is not uncommon to  see masses 
of brick adhering together and showing, where broken 
across, the bond clay  like a geom etrical pattern  drawn 
in charcoal.

A  som ew hat parallel case of destruction by gas is 
afforded in the case of b last furnaces running on ores 
containing zinc. U nder these conditions the vapors 
of m etallic zinc are liable to enter the brick and, passing 
to  the cooler parts of the brick, oxidize a t the expense 
of the C0 2 and solidify. T he veins of crystallized zinc 
oxide w hich result from  this action have a powerful 
effect in rupturing the brick and causing crumbling.

F ig. 7 is a photograph of a piece of the upper inwall 
lining in w hich a vein of m etallic zinc has condensed.

F ig . 7

This is very  unusual. A s a general rule the vein would 
be zinc oxide as described above. I t  is noticeable in 
these cases of gas destruction th a t the trouble is set 
up in the interior of the brick , and in the clay bond in 
w hich the bricks were laid. I t  is b y  no means confined 
to the surface; m oreover, if the bricks were entirely 
im penetrable the d estructive effects could not occur. 
T he effect is one of penetration b y  the destructive 
influences m uch as in the case of destruction by slags.

O ther things being equal I am  convinced that the 
more com pact and close-textured a brick  is, the better 
it w ill stand up against corrosive slags and gases. 
A nd  the truer it is to shape, the closer it can be laid 
up in the w ork; penetration into the bond between 
the bricks is facilitated  b y  w ide join ts and is highly 
destructive to the work. A s regards the risk of spalling 
w ith  changes of 'tem perature in the case of close- 
textu red  brick, experience shows th a t brick of this 
typ e  can be m ade to stand up p erfectly . If they spall, 
the trouble is due to  unsuitable clay, or poor workman­
ship, or both.

R e s e a r c h  L a b o r a t o r y

N e w  J e r s e y  Z in c  Co .
P a l m e r t o n , P a .

THE INFLUENCE OF CINDERS ON THE CORROSION OF 
IRON IM BEDDED IN CLAY»

B y  W a l t e r  B . S c h u l t e

Investigations of electrolytic corrosion of under­
ground structures occasionally reveal examples 01 
m arked corrosion under certain conditions wnic 
preclude a  consideration of stray  currents from elec­
tric railw ays as the cause. F illed  ground seems to 
be especially harm ful to  iron pipes, especially wher? 
the filling is com posed largely  of cinders, coal, ‘‘n 
furnace products. _ ,

Of the various explanations w hich have been offere 
to  account for this corrosion the more common are.

1 P a p e r  p resen ted  a t  th e  E ig h th  In te rn a tio n a l Congress of 
C hem istry , N ew  Y ork , S ep tem ber, 1912.
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that the sulfur, w hich is a constituent of m ost coals, 
probably form s.sulfuric acid, w ith  the resu ltan t chem ­
ical corrosion; also th a t cinders and particles of con­
ductive carbon in con tact w ith  iron produce a  local 
couple, and the p its w hich are form ed are attrib uted  
to this effect.

The objection to  the form er theory is th at after 
a severe heat treatm ent the sulfur is usually expelled 
from the cinder m aterial, and th at the latter exp la­
nation is not com pletely adequate is indicated b y  the 
fact that the corrosion occurs even where there m ay 
be an intermediate layer of c lay  betw een the cinder 
bed and the pipe. Certain cases of deep p ittin g  of 
iron pipe have been called to the atten tion  of the 
writer where an overlyin g bed of cinder filling out 
of direct contact w ith  the pipe seemed to be in a m eas­
ure responsible for the dam age noted.

It is well know n th a t if a mass of carbon and a 
mass of iron are im bedded in an electrolytic con­
ductor, such as in m oist earth, a difference of poten tial 
is established betw een these tw o bodies, the iron being 
electrochemically positive to the carbon. This poten­
tial does not establish a flow of current unless m etallic 
contact is made betw een these tw o bodies. W hile 
a layer of carbon m aterial m ay be separated from  an 
iron pipe in one loca lity  b y  a  bed of sand or clay, 
corrosion m ay be produced a t th a t locality  b y  reason 
of contact between the iron and the carbon bed at 
some other position, such for exam ple as occurs where 
a service pipe or other portion of the underground 
system m ay pass through the carbon bed. I t  is evi­
dent, therefore, th a t con tact betw een the cinders 
and the iron is not necessary a t the exact location 
where the corrosion is observed in order to account 
for such corrosion.

An active couple produced b y  carbon and iron 
results in the iron being the anode and the carbon being 
the cathode. Polarization  tends to reduce the flow 
°f current but th is polarization is m inim ized if air 
has ready access to the carbon b e d ; therefore the near­
ness of the carbon bed to the surface of the earth 
1S a factor which influences the corrosion caused b y  
such material.

The object of the investigation here described was 
to reproduce, in the laboratory, conditions w hich were 
found in the field and to m ake lab oratory  m easurements 
°f potential and current flow, and determ ination of 
tne amount of corrosion. T he experim ents were 
carried out in the Chem ical Engineering Laboratories 
°f the U niversity of W isconsin.

A P P A R A T U S

The apparatus, as set up in the laboratory, included 
a sheet of iron buried in a bed of c lay  on the top of 
" hich rested a layer of granular carbon w hich rep­
resented the cinder bed. E lectrical contact between 

e plate and cinders w as provided for b y  a w ire con­
nected between them . The arrangem ent of the ap­
paratus is shown in F ig. 1.

ft is of course evident th at the conductive layer of 
^rbon here used has a higher electrical co n d u ctiv ity  

an produced b y  cinder filling, as found in prac- 
ce, and the reason for using this was to accelerate

the action so as to produce m easurable results w ithin 
a short time.

T he iron plate was of No. 24 sheet iron w hich was 
pickled, dried and weighed before being placed in the 
c lay  w hich w as taken from  a fresh excavation  and 
w as m oist when placed in the box. The layers below 
and above the plate were well tam ped in place. The 
carbon, w hich had been used as a resistor in electric 
furnaces, w as granular, the particles ranging from  
'// ' to 1 / " in diam eter. A  graphite block, w ith  a 
stem, w as placed in the carbon to m ake electrical 
con tact betw een the carbon and external connections, 
and insulated wire connected to the plate w as brought 
out through the clay. The carbon lead w as connected 
to  a sw itch, also connected to the iron plate term inal

~nn=FP_^2-SW ITCH

«■ in s u l a t e d  w ir e : '
IRON PLATE IZ £  X  \(>\

F ig . 1

so th a t b y  closing it the cell w as short-circuited. 
T he sw itch was provided w ith  short leads so th at an 
am m eter or voltm eter could be connected to  them  
and m easurements be m ade w ith  the sw itch open. 
T he carbon was covered b y  a 1 *//  layer of sand a t the 
beginning of the test b u t this w as rem oved on the 
fourth day.

To measure the single potentials of the iron and 
carbon against the c lay  a calom el electrode w as em ­
ployed w ith  a  long nose reaching down through a 
glass tub e into the c lay  half w ay  betw een the carbon 
and iron. ' A  few  drops of norm al K C 1 w ere poured 
into the bottom  of the glass tube to m oisten the c lay  
and assure good contact betw een the c lay  and elec­
trode.

M E A S U R E M E N T S  

Before closing the switch, the potentials of the 
iron and carbon against the clay  were determ ined 
b y  the potentiom eter m ethod, takin g — 0.56 vo lt as 
the potential of the calom el electrode. The results 
are g iven  below:

T o ta l E . M. F ., 0 .8 4 2  v o lt, carbon  cathode
Clay to  carbon, — 0 .6 3 8  v o lt  
I ro n  to  c lay , + 0 .2 0 4  v o lt

T o tal, 0 .842  v o lt
A  v o ltm e te r ind ica ted  0.83 vo lt.

A fte r  m aking the single potential measurements, 
the circuit w as inadvertently  closed for a  m inute or 
tw o, after w hich the voltage, as indicated b y  a vo lt­
meter, had fallen to 0.72 volt. F u rth er short-cir­
cuiting caused the vo ltage to drop from 0.68 to  be­
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tween 0.45 and 0.50 after a few minutes. One and one- 
half minutes after opening the switch the voltage 
increased to 0.68 volt.

The cell was short-circuited for tw en ty  minutes 
and the switch then opened, after which single potential 
measurements were made a t various intervals.

A fter being on short-circuit for seventeen hours, 
similar single potential measurements were made, 
during which time the average current, as measured 
by a milliammeter, was 0.0515 ampere. The data 
of these measurements, as tabulated in T able I and 
plotted in Fig. 2, show that the rate of depolarization 
is decreased after the cell has been short-circuited for 
the longer time.

The cell was then allowed to stand  short-circuited 
and readings were made of the voltage and current 
at various times during the run, the results of 
which are tabulated in Table II. The instruments 
were of standard m ake and in good calibration and 
of the following scales and resistances:

V oltm eter 0-15  v o lt;  5 3 .5  ohm  resistance
A m m eter 0 -500 m il-am pere; * 0 .0 9  ohm  resistance

During the fourth day the layer of sand above 
the carbon was removed as noted in the table. The

T a b l e  I -  

Singtc p o ten tia ls  of carbon
-D e po l a r iz a t io n

Single po ten tia ls  of iron

Short-c ircu ited  
20 m inu tes

Short-c ircu ited  
17 hours

S hort-c ircu ited  
20 m inu tes

Short-c ircu ited  
17 hours

T im e Time Tim e Tim e
Min. E . M. F . Min. E . M. F . Min. E . M. F . Min. E . M. F .

Va — 0.4¿2
0
1 — 0.394 0 +  0 .1S4 0 +  0 .162

1 — 0.47$ IV 2 — 0.424 i / 4 4 - 0 .1S4 1 +  0 .160
2 —0.485 2 — 0.434 V , +  0 .1S6 2 +  0 .160
3 — 0.508 3 — 0.43S "» +  0 .1S0 3 +  0 .160
4 — 0.510 4 — 0.442 3 +  0 .182 4 +  0 .160
5 — 0 .5 1 6 5 — 0.452 4 +  0 .180 5 +  0 .160
7 — 0.524 s — 0.452 6 +  0 ,178 s +  0 .158

10 — 0,530 10 — 0.45S 24 +  0 . 1S0 10 +  0 . 15S
24 — 0,540 16 —0 .4 6 8 16 +  0.15S
42 — 0.564 25 *—0.470 23 +  0 .156

43 — 0.474 43 +  0 .1 5 6
60 — 0.4S4 

— 0.499
60 +  0 .158

from the iron to the carbon, the depolarization, due 
presum ably to the action of the air on the carbon, 
takin g place a t a constant rate.

The loss of iron b y  one am pere-year is about 20 
pounds so th at 0.03 ampere, the assumed average 
current w ith the clay  m oist, w ould be about 20 x  0.03 =
0.6 pound.

The area of the plate w as 1.45 square feet or 2.9 
feet total surface, so th a t the theoretical corrosion 
per square foot w ould be 0.23 pound per year or about

INITIAI 6 H 0 1 V T  C l
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F ig . 2

s/4 pound per year. The loss of I/i pound per foot 
from each surface of a p late would destroy the equiva­
lent of a No. 30 sheet in one yea r or half of a No. 24 
sheet. If this corrosion were concentrated in six 
square inches area on every  square foot, the metal 
would be p itted  to  the depth of 0.15 inch which would 

pierce a three-inch cast iron m ain in a little over two 
and one-half years.

clay began to dry out, so th at beginning w ith the 
tenth day about half a liter of w ater was sprinkled 
over the carbon and allowed to soak in before a set 
of readings were made. No readings were taken be­
tween the 33rd and -Sth days, nor was the cell m oist­
ened, w ith the result that the current on the 5Sth day 
was almost nil, and the potential 0.22 volt. Three 
m inutes after the cell had been moistened the ob­
served values increased to 0.0175 ampere and 0.32 
volt.

Rough integration of the curve plotted between 
current and days, with the current as zero on the 
58th d ay. gives 35 am pere hours. If the cell had 
been moistened regularly each d ay  throughout the 
test it is fair to assume th at the average current 
would have been 0.03 ampere: 0.03 ampere for 5S
days is equivalent to about 42 ampere hours. The 
average voltage over this period can be taken as 0.3^ 
volt.

The interesting point to be noted is th a t as long 
as the clay w as moist a current flowed continuouslv

T a b l e I I — Cu r r e n t  a n d  V o l t a g e  R e a d in g s

D a y A m p e r e V o l t R e m a r k s

1 0 .0 5 2 0 .4 5
2 0 .0 5 1 S 0 ,5 0
3 0 .0 5 0 0 .4 5
4 0 .0 5 1 0 .4 5 S an d  rem oved  from  top
5 0 .0 5 1 0 .4 4
7 0 .0 4 9 5 0 .3 S
S 0 .0 3 5 0 .4 0
9 0 .0 3 0 0 .2 0

10 0 .0 4 0 B egan w etting
11 0 .0 3 5 0 .4 0
12 0 .0 4 7 5 0 .4 2
14 0 .0 4 7 5 0 .4 2
15 0 .0 4 0 0 .4 2
17 0 .0 4 1 0 .4 0
24 0 .0 3 0 0 .3 5 D ried  o u t since la s t  reading
25 0 .0 3 7 5 0*36
29 0 .0 2 3 0 .3 0
30 0 ,0 2 0 0 .2 0
31 0 .0 3 5 0 .4 0
32 0.02S 0 .3 5
33 0.02S 0 .3 5
5S 0 .0 1 5 0 .3 2

CORROSION OF PLA TE

A fter the 5St.l1 d av  the cell "w as d i s m a n t l e d ,  E* 
am ination o f  the c lay  near the p late s h o w e d  

the rust had penetrated into it as m uch as I/( ‘
in some places. The p late w as spotted with
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and greenish iron com pounds. Corrosion was noticed 
both on the upper and low er sides of the plate and 
the corner d iagonally opposite the wire connection 
was eaten through.

The plate w as washed, the greater p art of the rust 
scraped off and the rem ainder then dissolved off b y  
hot ammonium citrate, after w hich it w as weighed. 
The data follow:

G ram s
W eight of p la te  before te s t .....................................  40 1 .6
W eight of p la te  a f te r  t e s t .......................................... 346.5

L oss ................................................. 55 .1

Thirty-five am pere hours theoretically would cor­
rode 36.4 gram s of iron so th at the efficiency of corro­
sion in this case w ould be about 150 per cen t.; 
that is, it m ay be said th at tw o-thirds of the loss b y  
corrosion was due to the current produced b y  the differ­
ence of potential betw een the carbon and the iron.

These experim ents were intended as prelim inary 
work for further investigation, which, however, was 
not undertaken, but a description of this first, rather 
incomplete work,, it w as thought, would prove of in­
terest and draw atten tion  to the influence of carbon 
and cinders on the corrosion of iron and perhaps lead 
to further experim entation on the subject. Further 
work along this line should be undertaken w ith  the 
conditions more closely approaching those actually  
found; that is, using cinders instead of carbon and 
putting them, w ith the iron plate, in the earth. Sim ilar 
plates not connected w ith  the carbon should also be 
buried so that the am ount of natural corrosion can be 
determined. U nder these conditions, w ith the higher 
resistant cinders, it is to be expected th at less current 
would be produced.

An interesting case of corrosion of a gas pipe which 
may be explained b y  action sim ilar to th at discussed 
above has been observed recen tly b y  the w riter. A long 
a certain street the gas mains were paralleled b y  a 
water main buried a short distance beneath. The 
soil is mainly clay or silt b u t a t the low est portion of 
the street the w ater main dipped into a p ea ty  layer. 
The gas main lay  in the c lay  above the peat a t this 
point and was corroded through at several places. 
The main apparently w as in a locality  not subjected 
to stray currents from  the street railw ay or grounded 
power circuits so th at the currents causing the corro­
sion must have com e from  other sources.

A length of gas m ain about 400 feet long w as dis­
connected from the adjoining portion. Poten tial 
measurements betw een this disconnected length and 
an 'r0n r°d  driven in the b lack  layer showed th at the 
?as main was 0.3 vo lt positive, and readings betw een 
?as and water connections showed th at current was 
‘•0'fting from the gas to the w ater m ain through the 

âith. The corrosion can be explained b y  the fact
at peat sets up a different potential tow ard an iron 

surface than does clay, and connections betw een ihe 
§as and water services on the consum er’s premises 
makes the couple e lectrolytically  active, thereby pro- 
ucing electrolytic corrosion.

•Ma d is o n . W i s .

RECENT ANALYSES OF THE SARATOGA MINERAL 
W ATERS. ' III

B y  L e s l ie  R u s s e l l  M il f o r d  

R cccivcd A pril 5, 1913 

A C Q U IR E M E N T  O F  T H E  G E N E R A L  C A R B O N IC  C O M PA N Y

Follow ing the passage of the “ A n ti Pum ping A c t ” 
in 1908, b y  the legislature of the S tate of N ew  Yoirk, 
the gas com panies situated at Saratoga Springs, 
which were pum ping the m ineral w ater and e x tra ct­
ing the gas from it for com m ercial purposes, were the 
defendants in a great am ount of litigation. One of the 
largest gas-producing com panies was know n as the 
General Carbonic and was situated in the Geysers 
district. This com pany derived about one-half of 
its supply from one spring w ith  natural flow (the 
Adam s) and the rem ainder from  several wells b y  
pum ping. This p lant continued its operations until 
the R eservation Commission, in Ju ly, i g n ,  acquired 
the prop erty which contained about one hundred

I s l a n d  S p r in g

acres of land and 25 existing bores, of w hich 19 varied 
in depth from 270 to 533 feet to the bottom  of the 
well. This acquisition was necessary for the control 
of the large area of the mineral w ater basin, adjacent 
to the fau lt from w hich the wells and springs have 
their origin. In order to obtain  all of the inform ation 
possible relating to the condition of the wells upon 
this prop erty and the effect of pum ping on this land 
and the lands of other proprietors arrangem ents 
were m ade for takin g scientific observations while 
the previous operations of this com pan y were con­
tinued w ithout disturbing existing conditions. The 
General Com pany continued pum ping from  J u ly  2, 
1911, to Ju ly  20, 1911. D uring this period six  pum ps 
worked continually, pum ping from  wells ranging 
from 3x6 to 397 feet in depth, an average of 120,000 
gallons of w ater in tw enty-four hours.

O bservation of w ater levels, flow of w ater, gas pres­
sure, and other physical conditions were noted. Com-
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p l e t e  c h e m i c a l  a n a l y s e s  o f  t h e  w a t e r s  a n d  f r e q u e n t  
c h l o r i n e  a n d  a l k a l i n i t y  d e t e r m i n a t i o n s  w e r e  m a d e .  

O n  J u l y  z o ,  1 9 1 1 , t h e  p u m p i n g  w a s  s t o p p e d  a n d  
s i n c e  t h e n  t h e r e  h a s  b e e n  a  c o n s t a n t  r e c o v e r y  o f  t h e  
m i n e r a l  w a t e r  b a s i n  a n d  a  r i s e  i n  w a t e r  l e v e l s  o f  f r o m  

8 0  t o  1 5 0  f e e t .  A  m a s s  o f  i n f o r m a t i o n  w a s  t h u s  o b ­
t a i n e d  w h i c h  s h o w e d  t h e  e f f e c t  o f  p u m p i n g ,  t h e  d e ­

g r e e  o f  d e p l e t i o n  o f  t h e  m i n e r a l  w a t e r  b a s i n ,  a n d  t h e

1 2 3 4 5

v , .  %tt i> w <<a r5 CS r" CN c  ̂ ■'f

J'l 11  i !  u
< p S ■ Z P-

D ate of analysis 1912 3/20 9/19 10/19 10/23 7/18
R esults in  Milligrams per  L iter 

I ons, Radicles and Oxides as Actually D etermined

SiOa................................. s . 95 7 3 .5 5  56.55 ,10.05 9.20
SO!..................................  2 .30  5.35 2.88 8 .23  7.52
HCO3..............................  3983.76 2015.11 4514.67 3242.40 1799.21
NOj.................................  0.17 trace trace 0.18 trace
NO2.................................  trace trace trace tracc trace
PO-*..............     none none none none none
AsO*.. , . . .....................  none none none none none
BO2.................................  trace trace trace trace trace
Cl.....................................  3842.86 1282.60 4230.77 2649.48 894.85
B r .................................... 42.28 3.41 26.26 16.37 6.82
1 ....................................... 4 .20  0.31 1.45 0 .76  1.07
F e .................................... 8.85 9.19 244.96 6.93 5.09
F e a n d A l......................  10.65 21.77 315.28 10.96 10.56
AI2O3...............................  3 .30 23.72 132.59 7.60 10.30
M n..................................  none none trace trace trace
Ca....................................  670.00 378.81 689.01 586.80 350.56
Mg...................................  252.60 214.13 249.27 202.96 83.36
B a ....................   10.35 1.18 6.59 6.00 3.76
S r . . . . . ...........................  trace none 1.53 1.34 trace
K .....................................  250.70 42.32 279.34 231.71 82.11
N a...................................  2556.52 711.87 2782.14 1717.99 640.98
Li..................................... 7.43 2.35 5.21 4.53 0.97
NH( ................................. 9.82 2.1S 19.27 11.40 2.88
Oxygen to form AI2O3..  1.50 11.14 62.27 3.57 4.84

H y p o th e tic a l  Form  of Com bination
Formula

NHiCl.............................  31.12 6.48 57.13 33.82 8.54
L iC l................................ 44.87 14.27 31.63 27.47 5.87
KC1.................................. 438.01 77.50 508.48 426.84 149.8S
NaCl................................ 5892.90 1S02.89 6470.17 3958.48 1339.84
K B r................................. 62.00 5 .00  38.50 24.00 10.00
K I .................................... 5 .50  0.40 1.90 1.00 1.40
N a ^ O i.................    3 .40  7.91 4 .26  12.17 11.13
NaB02   ............. trace trace trace trace trace
NaN03 ............................ 0.23 trace trace 0.24 trace
N&NO2.  ...........   trace trace trace trace trace
N aH C 03............................. 869.61 . . .  859.14 572.04 403.41
Ba(H C03)j..................... 19.56 2.22 12.44 11.33 7.14
Sr(HCOs)2...................... trace none 3 .66  3 .66  trace
Mg(HC03)2....................  1533.00 100S.71 1499.91 1221.22 505.99
MgClj............................................. 182.43 ___
Ca(HC03)2..................... 2713.50 1531.73 2786.01 2372.74 1419.77
Fe(HC0 3)2.....................  2S.14 29.27 780.11 22.07 16.20
MnsO*.............................  none none trace trace trace
AI2O3............................... 3 .30  23.72 132.59 7.60 10.30
S i02.................................  8.95 73.55 56.55 10.05 9.20
R esidue on  evaporation

dried a t 105° C  9668.00 3952.00 11572.00 7116.00 3007.00
T o ta l solids in so lu tion

(computed)...............  11654.09 47 6 6 . OS 13242.48 8704.73 389S.67
Tem perature...................... 10° C. (a) 10.5° C. 11° C. (o)

(a) “  not taken,
1. 2, 3, 4, 5 Files N. Y. S tate  Dept, of Health.

p r o g r e s s  o f  r e c o v e r y  f r o m  s u c h  d e p l e t i o n .  T h a t  
t h e r e  is  a  c lo s e  u n d e r g r o u n d  c o n n e c t i o n  o f  a l l  t h e s e  
s p r i n g s  h a s  b e e n  m a d e  c l e a r  b y  t h e s e  e x p e r i m e n t s .  
I n  a  f e w  w e e k s ’ t i m e  s e v e r a l  w e l l s  a n d  s p r i n g s  o n  t h e  
G e n e r a l  p r o p e r t y  b e c a m e  a c t i v e  a n d  w e l l s ,  f o r m e r l y  
p u m p e d ,  b e c a m e  n a t u r a l  s p o u t i n g  s p r i n g s .  T h e s e

produced too m any outlets of gas and mineral water 
and in order to  conserve the springs it became neces­
sary  to check the flow of some of them . A  number 
of wells w hich showed no energy were packed with 
c lay  w hile those exhibitin g  signs of life were tubed 
and allowed to “ sp o u t” or else capped temporarily.

The p io p erty  on w hich' these springs and wells 
are located is situated  east of the D elaw are and Hud­
son R ailroad tracks, along the v a lle y  and banks of 
the Coesa Creek. T h e lim estone, from  which the 
springs emerge, is found here at a depth of 275 feet 
covered w ith  a  layer of shale rock of about 200 feet 
thick, and this covered w ith  a layer of clay  40 to 60 
feet th ick  and this in turn buried beneath a deposit 
of about 15 feet of gravel. The steep and wooded 
banks of the Coesa Creek, w hich flows through this 
prop erty for nearly a half mile, furnishes unusual 
opportunities for p ark  developm ent. Several paths, 
roads and bridges have been bu ilt here to  enable visi­
tors to en joy the whole landscape and visit all of the 
springs.

A d a m s  S p r in g

The Com mission is in hopes of b ottlin g  some of these 
waters, and experim ents are now being conducted to 
determ ine the fitness of Pum p W ell No. 4. Flat 
No. 2 and the Island Spring for this purpose.

D E S C R IP T IO N  O F  T H E  W E L L S  A N D  SPR IN G S

The Adams Spring, w hich has been flowing since it 
w as drilled in 1904, is situated  in th e Geysers district, 
on the high em bankm ent rising from  the Coesa 
Creek, being ju st south and above the Champion 
Springs and the C lark W ell No. 2. I t  is about one; 
quarter of a m ile northeast of the Coesa Spring afl(i 
on the opposite side of the D elaw are and Hudson 
R ailroad  tracks. This spring is 344 feet ^eeP an 
has a flow of about xo gallons per m inute. It âS 
large excess of gas, each volum e of w ater giving 4 h 
volum es of gas, and furnishes approxim ately i 2
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pounds of gas in 24 hours. The w aters of the Adam s 
Spring are stron gly m ineralized and approach v e ry  
closely to those of the Coesa. This spring is one of 
the best in the group, b u t it has not been developed 
except in connection w ith  the gas industry of the 
General Carbonic Com pany.

The Ditch Well N o. 2 is a shallow  surface well and 
does not penetrate the rock. In  drilling the well a 
large boulder w as struck a t about 45 feet below  the 
surface and the tubing w as driven to th at depth. 
Th s well is situated in the bed of a d itch  in the Coesa 
valley about 40 feet east of the creek and 200 feet 
south of the P um p W ell No. 4. It  was drilled in 
1896 and has a v e ry  small flow averaging about one 
quart per m inute. T h e w ater is m oderately m iner­
alized, resembling th a t of the Em peror. T h e analysis 
of this water shows the presence of m agnesium  chlor­
ide. This substance has been reported1 only tw ice 
before in the published analyses of Saratoga waters. 
As a great am ount of chem ical and geological data have 
been published and various theories have been ad­
vanced to account for the origin of these w aters,3

F l a t  W e l l  N o . 2

this presence of m agnesium  chloride in a shallow well 
'’>11 be interesting to  the geologists fam iliar w ith this 
region.

Flat Well No. 2 .— This w ell is situated  across the 
oesa Creek southw est of the gas com pan y’s p lan t 
eside the road leading to B allston  A ve . and the 
°esa Spring. I t  is located  in the flat land along the 
oesa valley and w as pum ped for the gas. I t  was 

[rilled in 1904 and is 385 feet deep. W hen first drilled 
ac* a flow at tim es of 8 gallons per m inute b u t for 

a °ng time previous to its purchase b y  the R eserva- 
10n Commission it showed no signs of w ater. In- 

- ugust, 1912, the well w as retubed and im m ediately

Spring '̂ ^  Chilton, W ash in g to n  Spring , 1843; D r. C. F . Chandler, Im peria l

'I.. *"‘,e  M ineral Springs of S a ra to g a ,” N . Y . S ta te  E duca tion , D ep t.
tUm' 1912, b y  Jam es  F . K em p.

developed into a “ spouter,”  throw ing a large stream  
of w ater accom panied b y  great volum es of gas m any 
feet into the air. It  shows a static  pressure of 42 
pounds on the gauge fastened at the top of the casing. 
The w ater is strongly alkaline-saline, having a high 
sodium chloride, alum ina, and calcium , magnesium, 
and iron bicarbonate content. It  is unusually high 
in iron and alum ina and shows a natural w ater con­
taining a large am ount of colloids. This w ater m ay be 
term ed a natural chalybeate w ater and is a t the head 
of all known w aters of this class in point of strength.

The Island Spring  is located on a small island in 
the bed of the Coesa Creek ju st below  the dam. It 
w as drilled in 1901 and is about 400 feet in depth. 
This w as form erly used as a gas well w ith  no flow of 
water. In  four m onths after the cessation of pum p­
ing, the Island Spring began to overflow  w ith  mineral 
w ater for the first tim e in its history. I t  now has a 
flow of eight gallons per m inute, and spouts m any

P u m p  W e l l  N o . 4

feet into the air. The w ater is strongly mineralized 
and is charged w ith  an abundance of gas. I t  is an 
alkaline-saline w ater and averages w ith  the H athom  
No. 1.

P um p Well No. 4, form erly know n as H athorn 
Purchase No. 1, is situated on this same tra ct of land 
along an abandoned tail race. I t  w as drilled in 1899 
and is 350 feet deep. W hen this spring w as first 
used for gas it had a large flow but it soon ceased and 
had to be pum ped. A  short tim e after the shutting 
down of the pum ps of the General Carbonic Com ­
pany, this well developed into a picturesque “ sp ou ter”  
and now gives excellent m ineral w ater at the rate of
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11 gallons per minute. The w ater of this spring is 
suitably mineralized, being of the mild saline-alkaline 
class and is the nearest approach to a table w ater 
of any.

During the summer of 1912 m any of these w aters 
were examined for radium and thorium. Sam ples 
of the w ater were collected and sent to W ashington, 
D. C., where they were tested. The field w ork of the 
gases was performed b y  Dr. R. B. Moore, of the Bureau 
of Mines, Departm ent of the Interior, a noted authority  
on r a d i o a c t i v i t y .  His report will probably occur in 
a future bulletin b y  him. Sanitary analyses of these 
waters were made and the results showed free and 
albuminoid ammonia content w ith low nitrites and 
nitrates. No bacteriological exam inations have yet 
been made.

The writer is indebted to John C. Minor, Jr., Secretary 
of the General Carbonic Com pany, for inform ation 
concerning these wells. I also wish to acknowledge 
the assistance given b y  H erbert A nt, of this laboratory, 
who helped me in some of the analyses.

R E F E R E N C E S

Proceedings Supreme Court, Saratoga County, Hathorn vs. 
Strong, March 15, 1907.

Report of the Commissioners of the State  Reservation at 
Saratoga Springs, 1912, 1913.

S t a t e  H y g ie n ic  L a b o r a t o r y  
A l b a n y , N e w  Y o r k

THE PRECIPITATION OF GOLD B Y  MANGANOUS SALTS1
B y  A. D . B r o k a w  

R eceived A pril 14, 1913

Some interesting occurrences of gold associated 
w ith manganese dioxide led to the suspicion th at 
m anganous salts, under certain conditions, m ight re­
act w ith solutions of gold salts to bring about a m utual 
precipitation: the gold in the free state and the m an­
ganese as hydrated manganese dioxide. A  search 
for literature on such reactions w as w ithout avail, 
and experim ents were undertaken w ith a view  to 
ascertaining if such a reaction is possible, and if so, 
under w hat conditions it can take place. The reaction 
in question is in a sense the reverse of the series of re­
actions involved in the well-known “ chlorination 
process”  of extracting gold from its ores:

Mn0 2 +  4HCI =  MnCl, +  Cl, +  2H , 0
and

3 C 12 4 - 2 A u  =  2 A u C 13

The reaction is doubtless much more com plex than 
the sum m ary equations, but it will be seen th at a re­
versal of the series would lead to the form ation of 
gold and manganese dioxide.

A uric chloride solutions of varyin g concentrations 
were m ixed w ith solutions of manganous chloride 
w ith concentrations ranging from 0 .5  N  up to satura­
tion, but no reaction was detected even when the m ix­
ture w as boiled for several minutes. The addition 
of a v e ry  small am ount of alkali to the m ixtures, in 
the cold, caused an immediate precipitation of a dark 
brown mass resembling manganese dioxide in the h y­
drated form com m only precipitated. The precipi-

1 P ap er presen ted  a t  th e  M ilwaukee m eeting  of th e  A m erican Chem i­
cal Society, M arch, 1913.

tate w as collected, carefully  washed to free it from 
the gold solution, and then treated  w ith  standard 
oxalic acid, containing a small am ount of sulfuric 
acid. The solution thus obtained was divided into 
equal portions: one w as analyzed for manganese and 
the other titrated  for loss of oxalic acid. The results 
showed th at for every  equivalent of manganese an 
equivalent of oxygen  had been taken up b y  the oxalic 
acid, proving the precipitate to be m anganese dioxide. 
In  a check experim ent the precipitate w as taken into 
solution w ith the standard oxalic-sulfuric acid mix­
ture, w hich w as titrated  for loss of acid. The man­
ganese in solution w as then reprecipitated as hydrated 
m anganese dioxide b y  a standard m ethod, and the pre­
cip itate w as again treated  w ith  the standard acid 
m ixture. The same loss of acid as before showed the 
original precipitate to be m anganese dioxide.

Gold w as left b y  the solution of oxalic acid and was 
readily recognized as such.

Gold chloride solutions are n otab ly  acid in their 
reaction, due prob ably  to  hydrolysis in part, and in 
p art to  the ionization of an addition product with 
w ater. H ittorf and Salkow sky showed b y  electro­
lytic  experim ents th at gold chloride solution is ionized 
as follows:

2 H +  AuCljO
Solutions of gold- chloride show marked acid 

properties tow ard indicators, and apparently the 
acid ity  thus developed is sufficient to suppress the re­
action,

2A u+++ + 3Mn++ = 2 A u  +  Mn++++
If we postulate the interm ediate formation of 

MnCl< in m inim al am ounts, we are justified in as­
sum ing th at the salt w ould be largely  hydrolyzed, 
since tetravalen t m anganese is a v e ry  weak base. 
This hydrolysis w ould be suppressed b y  the p re s e n c e  

of acids, but on reducing the acidity, hydrolysis might 
become effective, form ing the v e ry  slightly soluble 
h ydrated m anganese dioxide, and w ith  this re m o v e d  

from the equilibrium  system  b y  precipitation, the re­
action m ight proceed until concentrations were di­
minished to equilibrium  conditions.

I t  is of interest to  note th at the precipitation began 
long before the solutions were en tirely  neutralized as 
shown b y  indicator tests. This w as shown in another 

w ay b y  placing a crystal of iceland spar in the mix­
ture of gold and m anganous chlorides in solution. A 
slight effervescence occurred, and after a few hours 
the crystal w as covered w ith  a brow n coat of man­
ganese dioxide in w hich flakes of gold were plainly 
visible. The precipitation of gold was practically 
com plete when an excess of M nCl2 was employed, 
though this solution had a t least the acidity of sat­
urated carbonic acid.

A n  interesting reaction of sim ilar nature was found 

to tak e  place betw een auric chloride solution »n 
m anganous carbonate. T he precipitated c a r b o n a te  

(doubtless amorphous, in p art, a t least) r e a c t s  at 
once and is turned to  the dark brow n h y d r a t e d  di 

oxide. The crystallized  carbonate, th at is, the min­
eral rhodochrosite, reacts slowly, but, after a  day.
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a crystal w as coated w ith dark brow n and flakes of 
gold were p lain ly  discernible.

SU M M A R Y

If we suppose m anganese tetrachloride to be an in­
termediate product, present only in ve ry  m inute 
traces, we m ay find in it some basis of explanation. 
Suppose

2A uC l3 + 3MnCls zA u  +  3MnCl,
Since tetravalen t m anganese is an exceedingly 

weak base it should be little  ionized, b u t it m ay be 
subject to tw o other sorts of dissociations, nam ely:

1. A m olecular dissociation,

M nCl, =  MnClj +  Cl,
2. Hydrolyt.'c dissociation,

MnCl, +  4H 20  =  M n(O H ), +  4H C1 
Theoretically we should have the hydrolysis constant 

Mn(OH)< X (H C 1)4 _ yjr \
M nCl4

assuming hydrolysis according to the above equation.
It is obvious th at the presence of acid w ould tend to 
cut down the hydrolysis and allow  the tetrachloride 
to become sufficiently concentrated to m ake its 
molecular dissociation appreciable— the greater the con­
centration of acid the greater this tendency— and we 
may, in this w ay, easily obtain  conditions under which 
free chlorine is liberated, as in the chlorination process.

If, however, the acid concentration is reduced below 
a certain figure the concentration of the tetrahydroxide 
will reach saturation. A n y  further reduction of acid­
ity must result in the precipitation of the hydrated 
dioxide. It  w ill be seen th a t such an adjustm ent 
may be very  delicate indeed— and this seems to  be 
supported b y  the lack of success in preparing the tetra­
chloride, subject, as it w ould be, to both h ydrolytic 
and molecular dissociation.

De pa r t m e n t  o f  G e o l o g y

U n iv e r s it y  o f  C h ic a g o

SOLUBLE ARSENIC IN M IXTURES OF LEAD ARSENATE 
AND SOAP1

B y  H . V . T a r t a r  a n d  L . A . B u n d y  

R ec e iv e d  A p r il  7 , 1913

There has been some com plaint from  horticulturists 
that some difficulty was experienced in keeping ar­
senate of lead in suspension in w ater while spraying. I t  
is claimed th at the lead arsenate settles out too quickly  
and it is difficult to  keep it stirred up. This seems to 
be especially true when knapsack sprayers are used. 
Parker3 has suggested th at a soap solution m ight be 
used to aid in keeping the arsenate of lead in suspen­
sion. Parker reported results of lab oratory experi­
ments which indicate th at a soap solution keeps the 
arsenate of lead in suspension m uch better than w ater. 
He has also stated th a t the soap w ould be of value in 
causing the spray to spread more evenly over the sur­
face of the leaves and, in m idsum m er spraying, the 
smooth skin of the apple.

Mr. W. H. Law rence, F ru it Inspector of Hood 
River County, Oregon, advised the orchardists in

1 Paper p resented  a t  th e  M ilwaukee m eeting  of th e  A m erican  Chem ical 
Society, March, 1913.

2 M ontana Agr. E x p . S ta ., B ull. 86.

th at locality  to  try  the lead arsenate-soap m ixture 
experim entally. The results of the experim ents tried 
indicated th at in some instances considerable injury 
w as caused to the foliage of the trees. I t  w as suggested 
th at this foliage injury, w hich resulted apparen tly  
from the use of the spray, m ight be due to  soluble 
arsenic com pounds formed b y  the reaction of the 
soap w ith  the lead arsenate. Consequently, some 
laboratory experim ents were undertaken to ascer­
tain  the am ount of soluble arsenic in m ixtures of 
soap w ith the different lead arsenates. W hile there 
has never been an y extensive use of the lead-arsenate 
soap m ixture, the results obtained are of special in­
terest in showing differences in the behavior of the 
arsenates.

Three samples of com mercial lead arsenate w ere 
selected for the experim ents. A  brand w hich g av e  
no test for acid arsenate (PbH A sO ,) when tried b y  
V o lck ’s test1 w as selected as a neutral (ortho) arsenate 
of lead [Pb3(A sO ,)2]. The other tw o brands were 
com posed m ostly of the acid arsenate of lead. The
results of the analyses of the three brands were a s

follows:
Sam ple Sample.

Sam ple A cid Acid
N eu tra l a rsena te a rs e n a te
arsena te No. 1 No. 2
P e r  cen t P e r  cen t P e r  c e n t

49.51 47.82 47.39

T o ta l arsenic oxide (AS2O6) ......... 10.98 15.00 16.73;
Soluble arsenic o x id e ..................... 0.14 0.39 0 .28'
T o ta l lead  oxide (P b O )................ . . 37.01 33.92 33.48
W ater-so lub le  im purities  o th e r th a n

1.01 0.88 0.72

Three kinds of soap were used: “ Iv o ry ,” whale oil, 
and ordinary yellow  laundry soap. The “ I v o r y ’ ’ 
and the w hale oil soaps did' not contain an y free alkali, 
w’hile the yellow  laundry soap contained a small 

amount.
The proportions of lead arsenate, soap and w ater 

w hich were used corresponded to those recomm ended 
for use in actual spraying practice. In  each of the 
tests, 4 .8  gram s of lead arsenate, 4 .8  gram s of soap 
and 1 liter of w ater were used. E ach  sample of 
arsenate of lead w as tried w ith each of the different 
soaps. In  each instance, the soap w as dissolved in 
about 500 cc. of w ater, the lead arsenate, after it had 
been worked up w ith a little  w ater, w as then added 

• and the whole made to 1000 cc. volum e. The m ix­
tures were let stand for six hours w ith  an occasional 
shaking and then filtered. The filtrates were then 
analyzed for their content of arsenic oxide. The de­
term ination of arsenic oxide was m ade b y  first d igest­
ing the solution w ith arsenic-free sulfuric acid and p otas­
sium sulfate until the solution w as clear. The solu­
tion thus obtained w as neutralized w ith  sodium b i­
carbonate and titrated  w ith  standard iodine solution 
in the m anner used in the modified Gooch and B row n­
ing m ethod.2 G reat difficulty w'as encountered in 
filtering the solutions for the arsenic determ inations. 
T h ey  filtered v e ry  slow ly and it was found th at a 
small am ount of lead passed through into the filtrates.

1 Science, New Series, 33, 866 (1911).
2 B ureau  of Chem ., B ull. 107, R evised , p . 239.
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It  was difficult to ascertain if the lead w as actually  
in solution or m erely in suspension and to make 
the calculations for the am ount of soluble arsenic on 
the safest basis, the lead was determ ined in the 
usual m anner1 and the am ount of arsenic necessary 
to combine w ith the lead present was deducted from 
the total am ount of arsenic found. The results ob­
tained in this w ay are given in the following table:

S o l u b l e  A r s e n ic  in  M ix t u r e s  o f  L e a d  A r s e n a t e  a n d  S o a p

G ram s of P e r  cen t 
G ram s of arsenic of the
soluble oxide arsenic
arsenic in lead oxide
oxide a rsena te  m ade

M aterial used (AsaOjj) used  soluble
N eutral (ortho) arsenate  4- " Iv o ry ” so ap ............  trace  0 .527  0 .0 0
N eu tra l (ortho) arsenate  4- whale oil so ap ..........  0 .0 0 4  0 .5 2 7  0 .7 6
N eutral (ortho) arsena te  4- laund ry  s o a p ............trace  0 .527  0 .0 0
Acid arsena te  No. 1 4- “ Ivory’” so ap .................. 0 .173  0 .7 2 0  24 .02
Acid arsenate  No. 1 4- w hale oil so ap ................  0 .1 6 4  0 .7 2 0  22 .77
Acid arsena te  No. 1 4- lau n d ry  so ap ................... 0 .1 8 4  0 .7 2 0  25.55
Acid arsena te  No. 2 4  “ Iv o ry ” so ap ..................  0 .367  0 .8 0 3  45 .70
Acid arsena te  No. 2 4- w hale oil so ap ................. 0 .2 8 0  0 .8 0 3  34 .8 6
Acid arsena te  No. 2 4- lau n d ry  so ap ................... 0 .3 6 8  0 .8 0 3  45 .82

These results show th at in the m ixtures of the soaps 
w ith the acid arsenates large am ounts of arsenic are 
rendered soluble. The results also indicate th at when 
a neutral (ortho) arsenate of lead is used w ith soap 
only a very  small am ount of arsenic is made soluble. 
E viden tly, the use of a m ixture of soap w ith  an acid 
arsenate of lead for spraying purposes w ould be a 
dangerous practice, for the am ount of soluble arsenic 
would be sufficient to badly burn the foliage of fruit 
trees.

Ch e m ic a l  L a b o r a t o r y  
A g r ic u l t u r a l  E x p e r im e n t  S t a t io n  

Co r v a l l is , O r e g o n

MINERALOGICAL SOIL ANALYSIS
B y  W m . J .  M cCa u g h e y  

Received M arch 25, 1913

The problem of soil fertility, and sustained crop 
production is a difficult one and, as Cam eron2 has 
pointed out, is a function of m any variable factors, 
all of which are dependent upon each other. The 
im portance of the chem ical com position of a soil 
was recognized b y  Liebig and since then m any an aly­
ses of soils have been m ade for the purpose of indicat­
ing the soil fertility. To explain anomalous cases 
it became necessary to assume th at these elements e x ­
ist in the soil in com binations w hich are available 
or non-available to growing plants, and m any methods 
of analysis were proposed and used in determ ining 
the am ount of these elements available. Such methods, 
however, are arbitrary and add little to our knowledge 
of the actual composition of a soil.

The greater part of a soil consists of the residuum 
from  rock disintegration and is composed largely 
of the minerals constituting the original rock and 
secondary mineral developm ent due to the alteration 
of the original minerals of the rock mass. This is 
more or less modified b y  geological agencies which 
bring about the transportation of some of the minerals 
an d  the adm ixture of still other m aterial. I t  has

1 B ureau  of Chem ., B u ll. 107, R evised, p . 239.
2 “ T he Soil So lu tion ,”  E aston , P a . (1911).

been the experience of practical soil men th at too little 
is know n of the actual com position of soils. A  soil 
exam ination consists usually in the m echanical analy­
sis w hich tells only the com position in terms of the 
size of the soil grains regardless of their nature, and 
in the determ ination of the so-called p lant foods 
which are soluble in constant boiling point hydrochloric 
acid.

V ery  little w ork has been done upon the mineralog- 
ical com position of soils, though it is obvious that dif­
ferences in m ineral com position will affect their physical 
and chem ical properties. M itscherlich has indicated 
th at not only the size of the particles has a great in­
fluence upon the physical properties of a soil but also 
the shape of the particles, th at is, the am ount and kind 
of surface exposed. The recent developm ent in the 
application of pétrographie m ethods to the study 
of minerals in fine pow der has furnished a valuable 
and fruitfu l m ethod for soil work. The microscopic 
study of minerals has been developed around and 
p ractically  confined to the stu d y of igneous and meta- 
morphic rocks. L ittle  w ork has been found in the 
geological literature to indicate th at such examina­
tions have been m ade on soils. The m ost important 
of such exam inations have been m ade b y  Sorby,1 
R etgers,3 Schroeder V an  der Kofio* and Delage and 
L ag a tu .4

The chem ical and m ineralogical stu d y of soil forma­
tion and of rock w eathering has received more atten­
tion from  geologists than pure soil work. Mineralog­
ical com positions of wind-blow n dusts have been 
published from  tim e to tim e. The first attempt 
to system atically  apply pétrographie methods for 
the m ineralogical exam ination of soils was made 
in 1889 b y  Steinriede. Since then little  work has 
been done along these lines except b y  Delage and 
Lagatu.

The m ineralogical com position of a soil bears some­
w hat the same relation to the chem ical analysis of 
a soil as the pétrographie exam ination of a rock does 
to its chem ical analysis. T h ey  each supplement 
each other. The chem ical analysis does not reveal 
the nature of the chem ical elem ents as th ey  are found 
in the soil. The m ineralogical exam ination on the 
other hand is concerned chiefly w ith  the determina­
tion of the chem ical com pounds in which the ele­
m ents are com bined. Should more definite knowl­
edge of the reaction of these m inerals toward water 
be known, a m ineralogical exam ination would be 
of greater value in determ ining the chemical prop­
erties of a soil. A n  approxim ation to the availability 
of these elem ents could then be known from their 
m ineralogical com binations. F ortu n ate ly  from the 
observation of the chem ical alteration of these minerals 
in the soil a m ineralogical exam ination offers, at 
least, a com parative estim ate of the availability of

1 “ M icroscopical E x am in a tio n  and  D e term in a tio n  of M inerals in Sands 
a n d  C lays,” Quart. J .  Geol. Soc., 1880, 50.

2 “ M ineral and  Chem ical In v e s tig a tio n  o f  th e  D une Sands of Holland, 
N eues Jahrb. fu r .  M in .  1, 16-74 (1895).

3 “ M ineral C om position of H olland  S an d s,”  Der W  andelunçen der k. 
A kad . von W ettenschappen, 1895, ci seq.

4 “ C o n stitu tion  of M ontpelier Soils,” A n n . de Lecols Nationale dt 
M ontpelier, 4, 200-2 (1905).
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these chemical elem ents in the different minerals.
The presence, in the soil, of certain minerals offers 

a clue to the identification of the rocks from  which 
the soils were derived. R ocks are often not only 
characterized b y  the presence of certain  minerals 
but often b y  peculiar characteristics in the minerals 
themselves, as to inclusions, elongation, undulatory 
extinction, etc., w hich are preserved in the soil grains 
themselves. In other words, the physical appear­
ances and characteristics of the minerals are often 
distinctive enough to indicate their source, as the 
localities of m egascopic specimens are often indi­
cated by peculiarities in habit. A nother advan tage 
offered by the m ineralogical exam ination of soils 
lies in the readiness w ith  w hich such exam inations 
can be made, the approxim ation of the chem ical 
composition of soil and, in the latter case, the cheap­
ness of this m ethod of exam ination where a high de­
gree of accuracy is not necessary. The m ineralogical 
analysis should be of considerable value in the geo­
logical mapping of soils as to their origin, etc. In 
the mineralogical exam in ation  of a soil, adm ixture 
of soil material is indicated b y  the differences in the 
degree of chem ical alteration of certain of the m in­
erals, namely, orthoclase and biotite, or b y  differ­
ences in the contour of the mineral grains, notably 
quartz.

The four common potash-containing m inerals found 
in soils in their order of potash content are: ortho­
clase, 16.9; microcline, 16.9; m uscovite, 10.o; biotite, 
9-o. Of these biotite is the one m ost readily de­
composed under soil conditions, due prob ably  to 
the effect of the iron oxide contained in the molecule. 
It is perhaps the potash m ineral in w hich the potash 
is most available. T he com mon potash mineral 
present in soils is orthoclase, and it is generally pres­
ent in considerable am ounts (3 to 30 per cent). I t  
suffers decomposition less read ily  than biotite and is 
perhaps after biotite  the m ineral w hich furnishes 
the potash more readily, in m aintaining the concen­
tration of the soil solution.

Muscovite, the potash m ica, is quite resistant to 
chemical disintegration and generally occurs in soils 
in unaltered fragm ents w hich w ould seem to indicate 
that this mineral does not m aterially  contribute to 
the soil solution a t least during the presence of bio­
tite and orthoclase. This fact is more or less consist­
ent with the experim ents of Johnstone, who found 
that after one y e a r ’s treatm ent w ith  w ater carrying 
carbon dioxide, m uscovite rem ained unaltered. Micro­
cline, the triclinic potash feldspar, is very  resistant 
to chemical decomposition and is found in the leached 
sands of the Coastal plain w ith  the insoluble minerals 
"quartz, tourm aline, zircon, rutile, etc. I t  is ques­
tionable indeed if this m ineral is of great value in 
the keeping up of the “ norm al" concentration of 
Potash in the soil solution.

Apatite found in soils has in variab ly proven to be 
the fluorapatite and generally is found in sligh tly  
rounded prisms w ith  ve ry  low  birefringence. I t  is 
also found in tin y  needles as inclusions in quartz and 
other minerals. A t  this tim e attention m ight be

directed to an error in judgm ent w hich m ight be 
quite easily com m itted in m istaking epidote on the 
basal pinacoid for prism atic apatite. These both 
have low birefringence, parallel extinction, and nega­
tive  elongation. The epidote m ay be quite readily 
distinguished b y  tapping the cover glass until the 
mineral rotates about its axis of elongation. If the 
mineral is epidote, the birefringence will be m uch 
higher in this new orientation and the elongation 
positive. No change takes place in the case of apa­
tite. Complete chem ical analysis often shows phos­
phoric acid which is not available for the m aintenance 
of the concentration of phosphoric acid in the soil 
solution since these grains are to ta lly  im bedded in 
quartz. There is probably a difference in the rate 
of solution of chlor and fluorapatites since the la tter  
is the one found in soils. Chlorapatite when found 
does not show the clear cu t appearance of the fluor- 
apatite. These two are distinguished b y  differences, 
in refractive indices.

Of the calcium  minerals, epidote, hornblende, 
plagioclase and garnet seem to be the com m oner 
ones. Of these minerals, the feldspars are the m ore 
available for the m aintenance of the “ norm al” con­
centration of the soil solution. Hornblende seems 
to be the next available calcium  m ineral and then 
garnet and then epidote. Epidote is a normal con­
stituent of most soils and is present in large, thick 
grains. Garnet being formed generally b y  contact 
m etam orphism, is more or less restricted in its oc­
currence. Hornblende is the com mon calcium  mineral 
and weathers generally form ing chlorite, a magnesium 
alum inum  silicate. In  general in soils from the humid 
regions, even in those derived from  lim estone the 
absence of calcite is notew orthy.

In soils derived from  limestone, small quartz crys­
tals are so frequently found and so exceptional 
in other soils th at their presence in soils would seem 
to indicate origin from  limestone. The absence of 
pyroxene as a soil-forming mineral is notew orthy.

Especial attention should be directed to  the phy- 
tolitharien sponge spicules, diatoms, rhizopoda casts 
found in some soils. These p lant or anim al remains 
indicate, b y  their presence, low submergence and swam p 
conditions w hich have been responsible for the min­
eralogical depletion of certain soil types. These 
organism s are of geological im portance in the indi­
cation of conditions through w hich the soil has passed. 
E ach  of these organisms demand a particular environ­
m ent for their grow th, and their presence in a soil 
in large num bers indicates this particu lar condition 
a t least during their tim e of flourishing. In  this m atter 
see Ehrenburg’s ‘ M ikrogeologie.”

I t  m ay be said th at as a general proposition the 
m ineralogical com position of the silts in minerals- 
other than quartz is m uch higher than in the sand 
separates, though as a rule, and especially is this so 
in loam and clay  soils, the silt grains are not nearly 
as well preserved as in the sand separates. I t  would 
seem th at the rmaller the grain the greater the de­
composition. It  is reasonable to  assume th a t the 
concentration of the soil solution will v a ry  w ith the
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mineral composition, as each of the minerals probably 
possesses a distinctive reaction tow ard water. The 
concentration of the soil solution will be determined, 
in general, b y  the minerals possessing the greater 
ve locity  of solution or decomposition. The minerals 
which furnish the plant food in the soil have their 
origin in igneous rocks or m etam orphic rocks, and it 
is hardly likely th at the reactions occurring in the 
soil b y  which the elements pass into solution are re­
versible; therefore, it is not likely th at the soil 
solution will be of constant composition. These 
easily soluble or decomposable minerals will furnish 
the necessary elements to m aintain the concentration 
of the soil solution. There w ould then be a tendency 
toward the survival of the more insoluble or the diffi­
cu ltly  decomposable minerals which in time would 
be called upon to furnish the necessary "p lan t food.”

Another factor of im portance in considering varia­
tion in concentration of the soil solution, is the re­
covery rate, th at is, the time required to attain  the 
normal concentration in the soil solution after rain­
fall. The rate of recovery will depend not only on 
the nature of the minerals composing the soil but also 
upon the percentage com position of the more soluble 
or easily decomposable minerals. In soils composed of 
the same minerals th at soil which has the greater pro­
portion of the more soluble or easily decomposable 
minerals will have the quicker recovery to the normal 
concentration after rainfall. In other words ava il­
ability  as applied to unfertilized soils m ay be ex­
pressed b y  the mineral com position of the soil and 
the rate of recovery expressed b y  the percentage com ­
position in easily soluble or decomposable minerals.

O h io  S t a t e  U n iv e r s it y  
Co l u m b u s

ON THE INFLUENCE OF THE LIME-MAGNESIA RATIO
B y  P . L . G il e  a n d  C. N . A g e t o n  

R c c c iv cd  A p ril 29 . 1913

In a recent num ber of T h i s  J o u r n a l  (Vol. 5, No. 1, 

p. 33) attention was called to the fact th at certain 
Porto R ican soils which are exceptionally productive 
for citrus trees, pineapples and sugar cane, have 
exceedingly wide ratios of lime to magnesia. I t  was 
pointed out th at if Loew ’s hypothesis of the lime- 
magnesia ratio holds true for soil conditions, and if 
this ratio really is a controlling factor in fertility, 
then those soils w ith exceptionally wide ratios cer­
tain ly  should not be more than ordinarily productive, 
and if th ey  are very  productive it is evidence of the 
untenability of Loew ’s hypothesis.

Loew in commenting on these facts1 holds th at 
th ey do not constitute evidence against his theory, 
since citrus fruit and pineapples “ are but other e x ­
am ples of apparent exceptions in regard to the lime- 
factor. Such exceptions are the lim e-loving plants, 
e. g., the grapevine, as the writer has pointed out 
repeatedly. These plants are capable of precipitat­
ing, as oxalate, the excess of lime carried into the plant 
b y  the transpiration process.”  He further states: 
“ Thus a properly working ratio of lime to magnesia 
is secured in the cells when the plants grow on soils

1 Tins J o u r n a l , 5 , No. 3 . 257 .

rich in lime * * * * Hence the view , th at the favorable 
developm ent of these plants on soils very  rich in lime 
and poor in m agnesia w ould be a proof against the 
influence of a certain ratio of lime to magnesia in soils 
upon other plants w hich do not produce oxalates, 
is not tenable.”

It  is certain ly  not our opinion th at w hat holds true 
for one species of p lant necessarily holds true for all 
plants. B u t according to our understanding of the 
hypothesis as Loew  has enunciated it, all higher plants 
are affected b y  the lim e-factor, although lime-loving 
plants have a higher optim um  ratio than others.1

Now, pineapples cannot be excepted from the in­
fluence of the lim e-factor (if such influence exists) 
on the ground th at th ey  are lim e-loving plants, for 
field observations and direct experim ents have shown 
th at pineapples are, on the contrary, strongly calcifuge 
or "kalkfeindlich.'' The intolerance of pineapples 
for calcareous soils w as pointed out in 1911 by one 
of us in Bulletin  11 of this Station. In ' this 
bulletin are detailed observations in Porto Rico 
and other countries, also direct experim ents which 
show th a t pineapples cannot endure m uch carbonate 
of lime in the soil unless a large am ount of organic 
m atter is also present.2

W hile citrus trees are not calcifuge, observations 
in Porto R ico at least w ould not lead one to classify 
them  as lim e-loving. To the knowledge of the writers 
there have been no direct experim ents nor studies 
showing the tolerance of citrus trees for large amounts 
of lime in the soil. It  is certain, however, that citrus 
trees in California planted on land w ith  marly sub­
soils are affected w ith nutritional disturbances,3 which 
would hardly lead one to believe th at th ey  are especially 
lime-loving.

In regard to the form ation of oxalates, pineapples 
cannot be considered peculiar, since the occurrence 
of oxalates in p lan t cells is now  know n to be very com­
mon. K oh l states: “ Dasselbe [Calciumoxalat] ist
in allen Pflanzenorganen und Geweben gefunden 
worden. ” 4 In regard to its distribution in plants 
in general, Coulter, Barnes and Cowles state: “ Cal­
cium  oxalate is found in every  large group of plants 
except bryop h ytes.” 3 E uler states: “ T ritt  die Oxal- 
saure sowohl in niederen als besonders in höheren 
Pflanzen sehr häufig a u f.” 6 E ven  in the grasses where

1 Loew, Laiidw . Yahrb., 1902, 563, s ta te s : "F re ilich  können viele 
Pflanzen du rch  N iederschlagung eines Teiles des nufgenommenen Kalks 
als C alcium oxalat den  U eberschuss des g lösten  K a lks  unw irksam  machen 
u n d  d ad u rch  des norm ale  F u n k tio n ieren  im  G ange h a lten . Aber dieser 
du rch  A npassung erw orbene F ä h ig ak e it is t  eben auch  n u r eine begrenzte. 
F rom  th is  s ta te m e n t one w ould certa in ly  suppose th a t  th e  lim it of tolera 
tion  of p lan ts  form ing o x a la tes  fo r a n  u n favo rab le  lim e factor would 
transcended  a t  a  low er ra tio  th a n  24/1 to  500/1.

2 B y  consu lting  th e  d a ta  in  th is  bu lle tin  i t  c an  be seen th a t  pincapp cs 
can n o t be  called “ lim e-loving,”  on acco u n t of th e ir  g row th  on soils rich ;:i 
carbonate  of lim e (th e  sense in  w hich th is  te rm  is usually  used), nor on 
accoun t of th e  am o u n t of lim e w hich is p re sen t in  th e  ash of the P an ' 
Also p ineapples th riv e  on  soils w hich a re  v e ry  p oo r in lim e; see Miller an 
H um e, F lo rida  S ta tio n , B ull. 68.

3 H ilgard, C alifornia S ta ., Circ. 27.
4 F . G. K ohl, “ A natom ish-physio logische U n te rsuchung  der KalksaIC 

und  K ieselsäure in  d e r P flanzen” (18S9), c ited  from  Yahresb. m. d. •r'' 
chemie, 1889, 121.

5 C oulter, B arnes  a n d  Cowles, ' 1A  T ex tb o o k  of B o ta n y ,” 1910, a so 
see Czapek, “ B iochem ie d e r P flanzen ,”  1905, V ol. I I ,  pp . 417- 420.

0 H . E uler, “ G rund , u. E rgeb . d. P flanzenchem ie,” 190 8 , Vol. I. P*
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oxalates were supposed to occur very  seldom, Mont- 
verde has found crystals of calcium  oxalate quite 
widely distributed: of 550 species from 94 families, 
oxalates were found in 162 species from 92 fam ilies.1 
In maize, which Loew  states grows best a t the lime 
factor of 2 : 1, Benecke has found calcium  o xalate.3

The evidence we have offered concerning the un- 
tenability of L oew ’s hypothesis for ordinary soil 
conditions can hardly be disregarded, then, on the 
grounds assumed b y  Loew, since pineapples and citrus 
trees are not lim e-loving plants, nor is the property 
of forming oxalates peculiar to a few  plants.

We also pointed out th at a soil w’here the ratio of 
lime to magnesia varied from 24/1 to 1461/1 gave 
an average yield of 60 tons of sugar cane (variety 
Christalina) last year. The yield  obtained is excep­
tional for Porto R ico and ve ry  good for an y country. 
The fact that this soil w ith  an exceptionally wide ratio 
of lime to magnesia is more than ordinarily productive 
we take to be further proof th a t L oew ’s hypothesis 
does not hold for ordinary soil conditions.

Loew objects th at tan kage or cottonseed meal 
might have been used on this soil as a fertilizer in 
which case the sugar cane would bfecome alm ost in­
dependent of the lim e-factor in the soil, because of 
the lime and m agnesia contained in the fertilizer 
"in an easily available form .” T his field in some years 
has been fertilized w ith a com plete fertilizer a t the rate 
of about 500 lbs. per acre, and we are under the im­
pression that tankage, cottonseed meal and ceriain ly  
barnyard manure have never been used here. If, 
however, 500 lbs. of tankage per acre had been applied 
to the soil in question we fail to see how this applica­
tion could m aterially influence the effect of the lime- 
magnesia ratio if the ratio has an y such potent action 
as Loew in previous articles has attributed  to it.

The analyses (given in the previous article) show 
this soil to contain from  1,044,400 to 1,287,600 lbs. 
of CaO in the form  of carbonate in an acre foot and 
from 800 to 62,400 lbs. of M gO.3 From  experim ents 
m Japan, Loew concludes th a t m agnesium  sulfate 
is about ten tim es as effective as the natural m agne­
sium carbonate in counteracting an excess of lim e.4 
On this basis, som ething like 1,000,000 lbs. of m agne­
sium carbonate or 100,000' lbs. of magnesium sulfate 
per acre would be required to effect the proper ratio. 
How, then, can the m agnesium  contained in an ordinary 
application of tankage or cottonseed meal balance 
an excess of a m illion pounds of lime per acre? If 
it can balance this excess, of w h at significance is the 
determination of the original lim e-m agnesia ratio 
in the soil?

According to the hypothesis of the lim e-m agnesia 
ratio, the injury to p lant grow th arising from exces­
sive ratios of lime to m agnesia in  the soil is caused b y  
an undue preponderance of lime in  the plant cell. 
By the law of mass action the lime, displacing the m ag­
nesium, combines w ith  the phosphoric acid in the cell, 
Preventing the assim ilation of phosphoric acid and the

 ̂N. A. M ontvcrde, Botanischrs Centralblalt, 43, 327.
j w .  Benecke, Botanischc Zeitm m , 61, 79 (1903).

Using 4,000,000 lbs. as  th e  w eight of an  acre foot of soil.
'  Loew, Landw. Yahrb.. 42, No. 1. 190.

plant suffers from phosphorus starvation. Some plants, 
however, are p artia lly  independent of unfavorable 
ratios in the soil, since th ey have the power of pre­
cipitating an excess of lime as oxalate and so the bal­
ance between the “ physiologically a ctiv e” lime and 
magnesia in the plant cell is m aintained. This h y­
pothesis assumes, then, that' the am ount of lime and 
magnesia absorbed b y  the plant is affected more or 
less b y  the ratio in which these bases exist in the soil, 
otherwise how could the injury take place in the plant 
cell?

Certain results which we have secured in the study 
of another problem are interesting in connection 
w ith th is hypothesis. In the course of this w ork 
the grow th of bush beans (variety  Im proved Golden 
W ax) was compared on a soil containing varyin g 
am ounts of calcium  carbonate. The plants were 
grown in plots w hich were 10 X 20 ft. in area and 2 
ft. deep. The plots were equally and liberally  fer­
tilized from tim e to tim e so th at the plants received 
sufficient nitrogen, potash and phosphoric acid in 
all the plots, acid phosphate, sodium nitrate and high- 
grade sulfate, or m uriate of potash being used. There 
were four plots: P lot I contained the soil w ith  no addi­
tion of carbonate of lime, P lot II approxim ately 
4 per cent CaC0 3, P lot III  15 per cent CaC 0 3, 
and P lot IV  30 per cent CaCO s. The plants were 
here grown under perfectly  norm al conditions of root 
space, moisture conditions, etc.

Table I gives the am ount of lime and magnesia 
in the fine earth soluble in hydrochloric acid of sp. 
gr. 1 .115 /  also the carbonate content in the four 
plots.

T a b l e  I

I  I I  I I I  IV
P lo t no. P e r cen t P e r c en t P er c en t P e r cen t
CaO ................  1.03 4 .0 6  10 .90  21 .24
M gO  1.37 1.65 0 .7 9  1.51
C 0 2................. 0 .0 0  2 .1 8  7 .8 4  15.35

The^ratios of lime to magnesia in P lots I to I V  were, 
them o.8, 2.5, 13.8 and 14.1 to 1. Loew  gives 3 : 1 
as the lime factor most favorable for legum inous plants 
so we should expect the best grow th of p lants in P lot 
II  and a depression of grow th in Plots I, III  and IV , 
if the lim e-factor exerts m uch influence on the growth.

Six crops of beans, nam ely, Series A , B, C, D, E, 
and F  were grown at different tim es in the course of 
three years. In Series A  the beans were allowed to 
m ature and their w eight obtained. The plants in 
Series B, C, D, E  and F  were harvested when the plants 
were in bloom and had attained their m axim um  grow th 
w ithout an y of the leaves being withered. Sam ples 
of these crops were preserved for an ash analysis. 
In Table II are given the absolute w eight of the differ­
ent crops from the four plots and also the relative yields, 
calling the yield  of P lot I equivalent to 100.

It  can be seen th at bush beans seemed to do slightly  
better w ith  increasing am ounts of carbonate of lime 
in the soil, and th at the grow th on the soil w ith  the 
lime factor 14 w as equal to, or a little  better than th at 
made on the soil w ith  the lim e-factor 2.5. According

1 T his is p rac tically  th e  m ethod  prescribed  b y  Loew fo r de te rm in ing  
th e  lim e-m agnesia ra tio  in th e  soil. L andw . Yahrb., 1906, 537.
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T a b l e  I I — G r o w t h  o f  B u s h  B e a n s  o n  S o il  w it h  D if f e r e n t  A m o u n t s

o f  L im e

N um ber of p lo t.................................... I I I I I I IV
R atio  CaO/M gO in  s o i l .................... 0 .8 2 .5 13 .S 14.1
W eigh t, seeds from  80 p lan ts , in 

gram s, Series A ................................ .127 123 157
W eigh t, 99 whole p lan ts , in  gram s, 

Scries B ............................................... 2086 1913 21 12 2855
W eight, 63 whole p lan ts , in  grams, 

Series C............................................... 455 510 557 660
W eight, 61 whole p lan ts , in  gram s. 

Scries D ................................................. 753 1035 953 954
W eight, 64 whole p lan ts , in gram s, 

Series E ............................................... 670 740 690 615
W eight, 32 whole p lan ts , in gram s, 

Series F ............................................... 777 776 695 637
---- ---- ---- ----

T o ta l w eight in  gram s of Series B7 
to  F ............................................. .. 4741 4974 5007 5721

R elative  y ields calling th a t  of 
P lo t I  «=* 100, Series A ................. 100 97 124

R ela tiv e  y ie lds calling th a t  of 
P lo t I  =  100, Scries B .................. 100 92 101 137

R elative  y ields calling th a t  of 
P lo t I  «= 100, Scries C.................. 100 112 123 145

R elativ e  y ie lds calling th a t  of 
P lo t I  =  100, Series D .................. 100 138 127 127

R ela tiv e  y ields calling th a t  of 
P lo t I  100, Series E ................. 100 110 103 92

R elativ e  y ields calling th a t  of 
P lo t I  =» 100, Series F .................. 100 100 96 82

A verage of re la tive  yields, Series 
B  to  F ................................................. 100 11 0 ± 3  .4 1 0 9 ± 4 .S 117 ¿ 8

The degree to w hich the varyin g  am ounts of lime 
in the soil has affected the ash com position and quan­
t ity  of the elem ents in the dry substance of the plant 
is better shown in Table IV . H ere the amounts of 
the different elem ents present in the plants grown in 
P lot I are given as 100 and the am ounts present in 
the plants grown on P lots II, III  and IV  are expressed 
relative to 100. To save space the average, only, of 
crops B, D and F  are given. In  calculating the aver­
age twice the value w as given to the analysis of crops D 
and F  th at w as given to the analysis of crop B, so the 
average gives an equal value to each crop grown.

T a b l e  IV — R e l a t iv e  A sh Co m p o s it io n

P l o t s

o f  P l a n t s  fr o m  D ifferent

R ela tiv e  com posi­
tio n  of a sh  of 

p la n ts  fro in  d ifféren t 
plo ts . P lo t I  =■ 100

R ela tiv e  amount 
of elements 

in  d ry  substance of 
p la n ts  from  different 
p lo ts . P lo t I =* 100

to the hypothesis of the lime-magnesia ratio, the bush 
beans grown on the soils w ith the high percentages 
of lime and unfavorable lim e-factors should contain 
more lime than the plants grown on the soils w ith  less 
lime and more favorable lim e-factors, although if 
the grow th is unaffected, the plants grown on the soils 
with the high lime-factors m ight rem ove part of the 
absorbed lime from participating in the physiological 
processes of the p lant b y  precipitation as oxalate.

P lan ts  from  p lo t___ I I I I I I IV I I I I I I IV
R a tio  CaO /M gO  in 

so il............................. O.S 2 .5 1 3 .S 14.1 0 .8 2 .5 13.8 14.1
Carbon-free a sh ......... 100 103 101 108
C aO ................................ 100 97 97 93 100 100 99 100
M gO ............................... 100 107 98 86 100 109 99 93
p 2o 5............................... 100 98 99 93 100 100 100 99
k 2o ................................ 100 94 104 104 100 99 106 112
F e 2 0 3 ............................................. 100 SI 73 64 100 86 77 72
S i0 2................................ 100 102 89 79 100 105 90 85
N ..................................... 100 94 98 98

I t  can be seen from T able I V  th at the percentage 
of lim e in the ash and in the dry substance of the plant 
is p ractica lly  constant, irrespective of the amount of 
lim e in the soil where the plants were grown. The 
same is true of the magnesia, excep t the results are 
not quite so uniform.

The degree to w hich the lim e-m agnesia ratio in the

T a b l e  I I I — A n a l y s e s  o f  B u s h  B e a n s  (W h o l e  P l a n t ), G r o w n  o n  S o il s  w it h  D if f e r e n t  A m o u n t s  o f  L im e

A nalysis of carbon-free  ash A sh co n stitu en ts  in  d ry  substance  of p lant

Series a n a ly zed ..................... Series B Series D  and  F Series B Series D  and F

P lan ts  from  p lo t.................. . .  i II I I I IV I II h i IV I II I I I IV I II I II IV
R atio  CaO/M gO in so il.. .,. . 0.8 2 .5 13.8 14.1 0.8 2 .5 13.8 14.1 O.S 2 .5 13.8 14.1 0 .8 2 .5 13.8 14. 1

% % % % % % % % % % % % % % % %
Carbon-free a sh ................... 10.62 11.48 11.63 12.05 1 1 .2 0 1 1 .2 0 10.82 11.73
C aO ............................................ 29 .95 26 .02 28 .53 25.91 26 .82 28 .12 25.57 3 .7 8 3 .4 4 3 .0 2 3 .4 4 2 .9 0 3 .01 3.04 3.00
M gO........................................... 12.31 11 .15 10.03 7 .67 7 .90 7 .28 6 .3 0 1.15 1.41 1 .30 1 .21 0 .8 6 0 .8 9 0 .79 0.74
P 2O5............................ 7 .3 9 7 .1 6 7 .0 2 8 .27 8 .3 6 8 .67 7 .9 4 0.8 6 0 .8 5 0 .8 3 0 .8 4 0 .9 3 0 .9 4 0 .94 0.93
k 2o ............................ 32 .38 31 .82 34 .45 33 .82 31 .85 36 .82 35 .1 9 3 .51 3 .7 2 3 .7 0 4 .1 4 3 .7 8 3 .5 8 4 .00 4.13
F e203 .......................................... 1.44 1 .22 0 .9 9 1.28 0 .9 6 0.8 8 0 .8 2 0 .1 6 0 .1 6 0 .1 4 0 . 1 2 0 .1 4 0 . 1 1 0 .10 0.10
S i0 2............................................ 12.85 10.80 S.63 10.11 10.08 8 .97 8 .3 8 1.28 1.47 1.26 1.04 1.13 1.13 0.97 0.98

.V62 3.76

In other words, the plants grown on all four soils :might plan t corresponds to the lim e-m agnesia ratio in the
contain the same am ount of “ active or physiological”  
lime, b u t those grown in P lots III  and IV  where the 
lime factor is 14 should contain in addition consider­
able calcium  precipitated as oxalate. I t  w ill be seen 
th at the following analyses do not bear out such an 
assumption.

In Table III are given the analyses of the beans (cut 
in bloom) from the four soils, using the whole plant 
for analysis except the roots. Crop B w as analyzed 
alone, Crops D and F  were analyzed together, using 
a com posite sample composed of equal parts of crops 
D and F . The percentages of the different elements 
in the ash and the percentages in the oven-dry substance 
of the plant are given.

soil is shown in Table V.
T a b l e  V

P lo t N o ..................................... I
R a tio  CaO /M gO  in  so il................... 0 .S
R a tio  CaO /M gO  in th e  p la n t. . .  . 3 .3 5

I I
2 .5
3 .0 8

I I I  
1 3 .S 

3 .3 6

IV
14.1

3 .6 6

Thus the lim e-m agnesia ratio in this plant bore 
no relation to the lim e-m agnesia ratio in the soil- 

Now, bush beans appear to be independent of the 
lim e-m agnesia ratio in these soils and also of the in­
creasing am ounts of carbonate of lime. This result, 
of course, does not ap p ly  to all p lan ts b u t it stands for 
one p lant a t least, and prob ably  a  certain number 
of plants. Since the lime content of the p lants r e m a in e d  

constant w ith increasing am ounts of lime in the soil
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it does not seem possible th at th is p lant could have 
adapted itself to the conditions b y  precipitation of 
lime-as oxalate. It  does seem th at the independence 
of the plant to these soil conditions is due to the regu­
latory power of the root cells in the absorption of nu­
trients.

While we believe th at ratios of different salts, includ­
ing lime and m agnesia, affect p lant grow th under cer­
tain conditions, it does not seem, w ith  our im perfect 
means of determining the soil nutrients available to 
or affecting the plant, th at the hypothesis of the lime- 
magnesia ratio should be considered as applying to 
all soil conditions. M oreover, w ork on balanced solu­
tions and the regu latory  power of p lant cells in the 
absorption of nutrients w ould seem to indicate th at 
the whole subject is more com plicated than was sup­
posed when Loew form ulated his hypothesis.

Porto R ico  A g r ic u l t u r a l  E x p e r im e n t  S t a t io n  
Ma y a g u e z

A SIMPLE METHOD FOR PREPARING NEUTRAL AMMO­
NIUM CITRATE SOLUTION

B y A. J .  P a t t e n  a n d  W . C. M a r t i  

R eceived A pril 9, 1913

The necessity of having* a strictly  neutral solution 
of ammonium citrate for the determ ination of a v a il­
able phosphoric acid in fertilizers is recognized b y  every 
fertilizer chemist. M ethods for preparing such a 
solution have been discussed b y  the Association of 
Official Agricultural Chem ists and investigated b y  
many of its referees on phosphoric acid. This subject 
has also been studied b y  the D ivision of Fertilizer 
Chemists of the Am erican Chem ical Society, but to-day 
there are almost as m an y m ethods in use as there are 
laboratories doing fertilizer work.

Some chemists are still using the corallin m ethod, 
some the alcoholic calcium  chlorid m ethod, some the 
azolitmin method proposed b y  H an d1 and still others 
use a slight excess of am m onium  hydroxid and de­
pend upon the volatilization  of the ammonia, upon 
long standing, to m ake the solution neutral.

McCandless,3 when referee on phosphoric acid for 
the Association of Official A gricu ltural Chemists in 
1908, compared solutions of am m onium  citrate m ade 
by different chemists. In  nine different solutions the 
ratio of ammonia to anhydrous citric acid was found, 
%  analysis, to v a ry  from i : 3.775 to x : 4.189. 
Doctor McCandless com m ented upon the unreliability 
of the methods then in use and closed his report w ith  
the following words: “ W hile the referee has a strong 
conviction that the only proper m ethod of m aking 
the solution is b y  analysis and calculation of the exact 
quantity of am m onia or citric acid to  be added to it, 
still he hesitates to urge it officially, as no w ork has 
yet been done b y  an y  other referee along this line, and 

ocause the referee is himself no longer an official 
chemist.”

Somewhat later the Fertilizer D ivision of the Am eri- 
can Chemical Society proposed th at the ratio of 
ammonia to citric acid should be 1  : 4.25. Such a 
so ution, however, w ould be d istin ctly  acid and would 
§*ve higher results for available phosphoric acid than

' Bur. of Chetn., U. S. D ep t, of A gr.. B ull. 132, U .
‘ ‘ bid.. 122, 147.

a solution having the ratio of the tri-am m onium  salt.
More recently a m ethod based upon the change in 

electrical con ductiv ity  of a solution as it changes from 
an acid to an alkaline reaction w as proposed b y  H all 
and B ell1 and later b y  Patten  and R obinson.’  This 
m ethod gives satisfactory results and is not difficult 
of operation, but owing to the expensive apparatus 
required or for other reasons it has not been generally 
adopted. L ater Bell and Cowell^ proposed two 
methods for preparing neutral am m onium  citrate 
solutions but th ey present difficulties of m anipulation 
th at will undoubtedly m ilitate against their general 
acceptance. There is still, therefore, the need of a 
m ethod th at will be simple, easy of m anipulation, 
rapid and accurate and th at does not call for unusual 
or expensive apparatus.

The m ethod to be proposed fulfills these require­
m ents and is based upon the w ork of Schiff* who found 
th a t amm onia unites w ith form aldehyde to form  
hexam ethylentetram in according to the following 
equation:

4N H 3 +  6 CH 30  =  N (C H 2N .C H j)3 +  6 H 20

Schiff also found th at the same reaction takes place 
between salts of am m onia and form aldehyde and th at 
the acid m ay then be titrated  w ith  a standard solution 
of sodium or potassium  hydroxid, using phenol- 
phthalein as indicator. Herstein* m ade use of this re­
action as a means of testing the p u rity  of ammonium 
salts, and states th at it gives satisfactory results w ith 
amm onium  chlorid, bromid, iodid, fluorid, sulfate, 
acetate, oxalate, citrate, th iocyanate and m olybdate.

The m ethod as adopted b y  us is called the “ titra ­
tion m eth od ” and is essentially as follows: F ifty  cc.
of a citrate solution are carefully  m easured into a 
250 cc. flask, made up to the m ark w ith w ater and 
thoroughly shaken. F ive cc. of the diluted solution 
are then measured (preferably b y  means of a burette) 
into a beaker, 4 cc. of a perfectly  neutral 40 per cent 
solution of form aldehyde added and titrated  w ith 
N / 10 N aO H , using phenolphthalein as indicator. 
The pink color should remain after the solution is 
brought to boiling. The am m onia is determ ined in 
5 cc. of the diluted solution in the usual m anner b y  
distilling w ith  magnesia. The difference between the 
acid and am m onia titration  gives the num ber of cubic 
centim eters of N /10  N H 3 required to  neutralize 1 cc. 
of the acid citrate solution, from w hich the am ount 
of a stronger solution of N H (OH required to neutralize 
any given  am ount of the acid solution m ay be easily 
calculated.

The titration m ethod was first tried out b y  us on a 
solution of ammonium citrate m ade neutral b y  the 
con d u ctiv ity  m ethod and the ratio of am m onia to 
anhydrous citric acid was found to  be 1 : 3.765, the 
same as for triam m onium  citrate. W e then com pared 
the titration  m ethod w ith  the con d u ctiv ity  m ethod for 
preparing neutral solutions. F or this purpose a 
stock solution of citric acid was nearly neutralized

1 J .  A m . Chem. Soc., 33, 711 (1911).
2 T h is  J o u r n a l , 4, 443 (1912).
3 J .  A m . Chem. Soc., 35, 49 (1913).
4 Liebig 's A nna len , 319, 76 (1901).
5 B ur. of Chem ., U . S. D ep t. A gr., B ull. 150, 47.
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w ith ammonium hydroxid. being careful to keep the 
specific g ra v ity  above 1.09. B y  the conductivity  
method it was found th at 25.9 cc. of a 5 per cent solu­
tion of ammonium hydroxid were required to neutralize 
1000 cc. of the solution and b y  the titration m ethod 
25.95 cc. were required. W ith  another citrate solu­
tion 35.4 cc. of a 5 per cent solution of ammonium 
hydroxid were required per liter b y  the con ductiv ity  
m ethod and. 35.6 cc. b y  the titration  method.

W e next determined b y  the titration  m ethod the 
amount of citric acid and am m onia contained in one 
liter of a strictly  neutral solution of ammonium 
citrate, of exactly  1.09 specific g ra vity , w ith the follow ­
ing results:

1 cc. citrate sol. gave 26.34 cc. N /1  o N H 3
x cc. citrate sol. gave 26.33 c c - N /10  C8H 80 , 

equivalent to 44.76 gram s N H S per liter 
equivalent to 168.57 gram s C ,H sO , per liter 
R atio  of N H j to C ,H 80 , =  1 : 3.766.

The three solutions claim ed to be neutral b y  Mc- 
Candless contained 44.3 gram s N H , and 168.76 gram s 
C ,H gO , per liter, the ratio being 1 : 3.809. The re­
sults obtained b y  us conclusively prove th at such a 
solution would be slightly acid, which fact is further 
substantiated b y  the ratio of am m onia to anhydrous 
citric acid being too wide.

SU M M A R Y

The titration m ethod of preparing neutral ammonium 
citrate solutions is accurate and easy of m anipulation.

It  establishes beyond a doubt th at the ratio of 
ammonia to anhydrous citric acid in the neutra1 
solution should be 1 : 3.765 and th at one liter of 1.09 
specific g ra v ity  should contain 44.76 gram s N H S 
and 168.57 gram s C„Hs0 7.

The titration m ethod affords a simple means of 
com paring ammonium citrate solutions made in 
different laboratories.

M ic h ig a n  E x p e r im e n t  S t a t io n  
E a s t  L a n s in g  •

THE FLUIDITY OF BU TTER FAT AND ITS SUBSTITUTES
B y  G e o r g e  F . W h it e  a n d  R a l p h  H . T w in in g  

R eceived A pril 7, 1913

The study of the viscosities of butter fa t and oleo­
m argarine as a problem  of more or less interest, has 
already been taken up b y  several investigators w ith 
different m ethods of approach and different types of 
viscosimeters. W ender1 worked w ith an instrum ent 
of the Ostwald class, modified so that, according to 
his statem ent, it could be cleaned w ith greater speed 
and ease. The Reichert-M eissl num ber of each sample 
w as taken as a measure of purity. The , fats were 
dissolved in chloroform, the viscosity  of the solvent 
being taken into consideration. W ender found th at 
the viscosity of oleomargarine was alw ays greater than 
th at of butter and w ith both decreased w ith  rise in 
tem perature, but did not change on standing for a 
considerable length of time. Further, although the 
viscosities of the butter fats were fairly  constant, 
there were appreciable differences in the margarines 
from different sources. The am ount of mar-

1 J .  A m . Chenu Soc., 17, 719 (1S95).

garine added could be approxim ately  determined.
K illin g 1 contributed nothing new in his study of the 

viscosities of butter and other fats, and his apparatus 
was so crude th at no advance w as made.

R affo and Foresti,2 in an article on a “ New Method 
for the D eterm ination of M argarine in Butter," de­
scribe results obtained b y  an O stw ald instrument. 
T h ey  used bu tter from  two sources and took the 
viscosities a t 50 ° C. of the fats obtained by melting 
and filtering from curd and w ater. The time of flow 
was found to increase as the percentage of oleo fat 
increased, different samples g iv ing  concordant results. 
Their data indicate roughly th at the viscosity is some 
function of the com position, b u t w h at particular 
function is not stated.

I t  is evident th at an y  connection between the vis­
cosity and the com position of bu tter fats, if it exists, 
has not been clearly and definitely established. A 
study of this im portant relation should therefore re­
veal b y  the use of accurate m ethods of analysis, re­
sults of especial value and interest. I t  is our purpose 
in this article to present the results of a series of 
viscosity  m easurem ents of various butter and oleo­
m argarine samples, and of m ixtures of these of known 
com position. B y  utilizing a viscosim eter which 
enabled us to express viscosities in absolute units, a 
definite standard of com parison m ay be adopted. 
Such m easurem ents are entirely independent of the 
apparatus em ployed, and the ‘ ‘ tim es of flow," which 
are recorded in so m any works of this nature and which 
mean nothing to anyone else than the observer and his 
particular viscosim eter, do not need to be considered.

W e prepared our samples, obtained from various 
sources, b y  m elting at the low est possible temperature 
and allowing to stand for tw o or three hours in that 
condition. The curd and w ater settled to the bottom 
leaving the clear supernatant fa t  w hich was decanted 
through a filter. The follow ing constants were taken: 
the iodine num ber w hich shows the amount of un­
saturated acids present, the saponification number, 
the percentage of soluble and insoluble acids, the 
volatile acids, the densities at 40 °, 65°, and 90 °C., 
and the viscosities a t  intervals of 10 0 from 400 to 
90 0 C. These constants, while b y  no means r e p r e s e n t ­

ing a com plete analysis, g ive  a v e ry  definite idea of the 
p u rity  and the com position of the fa t examined.

The iodine num ber w as obtained b y  treating about 
one-half a gram  of fat w ith  50 cc. of H ubl’s solution 
(mercuric chloride and iodine in alcohol), and titrating 
the rem aining iodine w ith  sodium thiosulfate solution 
after three hours’ standing to ensure complete ab­
sorption. The num ber is expressed in the p e r c e n ta g e  

of iodine absorbed, i. e., the num ber of grams of iodine 
taken up b y  100 gram s of fat.

The saponification was carried out w ith an alcoholic 
potassium  hydroxide solution, the m ixture being, 
heated on the w ater bath  w ith  a  reflux condenser for 
th irty  m inutes, and the excess alkali then titrated 
w ith  half-norm al hydrochloric acid. The s a p o n if ic a ­

tion (K oettstorfer) num ber is expressed as milligra* 5

1 Z . angcw. Chcm., 1894, 643; 1895, 102. J . Soc. Client. Ind., 1895, ■
2 Ga2Z. chim. itat., 39, 441 (1911).
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of potassium hydroxide required to saponify 1 gram  
of fat. A fter the titration, 1 cc. exceeding the exact 
amount of half norm al hydrochloric acid necessary 
to free the fa tty  acids w as added. The insoluble 
acids, after cooling, were w ashed free from the soluble 
acids and the latter titrated  w ith  decinorm al alkali, 
the result being calculated as per cent b utyric acid. 
The cake of insoluble acids w as dried and weighed 

' and the per cent calculated.
To obtain the R eichert-M eissl number, which is per­

haps the most im portant of these constants, about 
5 grams of fa t were saponified b y  heating under 
pressure with caustic soda and 95 per cent alcohol. 
Sulfuric acid in sufficient am ount to  free the fa tty  
acids was added and the whole again heated under 
pressure. The flask w as then connected w ith  a con­
denser, the volatile acids distilled off, and an aliquot 
portion titrated w ith  decinorm al allcali after filtering. 
The result signifies the num ber of cubic centim eters of 
decinormal potassium  hydroxide solution required to 
neutralize the volatile acids obtained from  5 gram s of 
fat.

The densities of the samples were taken in an 
ordinary Ostwald pycnom eter, com parison being made 
with the density of w ater a t 4 0 C.

Of particular interest to  us in our study of the 
viscosity of these v e ry  viscous liquids is the w ork of 
Scarpa,1 who, discerning the sources of error in the 
viscosimeters of various types, devised one of very  
great accuracy and w hich w as capable of wide applica­
tion. In his instrum ent there w as a capillary tube 
from 5 to 10 cm. long and about 0.2 mm. inside diameter. 
The lower end of the vertical capillary dipped into a 
test tube containing oil; the upper end was joined 
to a series of bulbs of varyin g  volum e. A t  the top  it 
was connected to  an apparatus for m aintaining re­
duced pressure, and also w ith  a m anom eter. The 
whole was p ut under dim inished pressure and the 
liquid drawn up to fill one or more of the bulbs, the 
amount so drawn through the capillary depending 
on the viscosity. T h e tim e tx w as observed. B y  
use of one or more bulbs the tim es of flow of liquids 
of very different viscosities were not w idely divergent. 
The liquid was n ext allowed to  flow b ack  under its 
own weight and atm ospheric pressure, takin g the tim e 
*2- The viscosity is proportional to  the ratio  tlt2/(t1 +  t1). 
The constant of proportionality is dependent neither 
upon the surface tension nor the q u an tity  of the liquid. 
A characteristic value for the prop ortionality  constant 
could be obtained b y  using the instrum ent under the 
same reduced pressure. B y  determ ining +  i,)
with the same q u an tity  of liquid a t the same tem ­
perature, relative results could be obtained. Values 
obtained by th e- Scarpa and E ngler instrum ents were 
very widely divergent, the form er being b y  far the more 
consistent, especially w ith  ve ry  viscous oils.

While Scarpa’s viscosim eter is eviden tly  one of 
considerable efficiency, we believe th a t the instru­
ment described b y  one of us,2 and w hich has been ap ­
plied to a study of various liquids,3 presents to  a

1 G « 2. chim. Hal., 40, I I ,  261 (1911).
2 Biochem. Z .. 37, 482 ( 1 9 1 1 ).
3 T h is  J o u r n a l , 4, 106, 267, 878 (1912).

greater degree the. advantage of facility  of m anipula­
tion combined w ith great accuracy. A s do the 
vjscosim eters of Thorpe and R odger,1 and Bingham  
and W hite,2 it gives viscosity results in absolute units 
which are corrected for the gain in kinetic energy 
involved in the flow of the liquid through the capillary 
tube. B y  its sym m etrical shape there is only  a small 
correction to the pressure as m easured in the m anom ­
eter. F inally, b y  varyin g  the pressure, fluid and 
viscous liquids m ay be measured in the sam e instru­
m ent and at all tem peratures.

Since the viscosim eter has been described in detail 
in previous articles3 and has been modified in only one 
respect for this work, a very  brief description will suffice. 
I t  consists (Fig. i)  of tw o vertical glass lim bs as nearly 
alike as possible, except for there being a trap in one, 
these limbs being connected b y  a 
horizontal capillary tube fused into 
their lower ends. The cap illary  is of 
about o .i mm. internal diam eter and 
of a length suited to the nature of the 
liquids to be investigated. On one 
lim b tw o m arks are so placed that, 
in falling from the higher to the 
lower, from  2 to 4 cc. of liquid passes 
through the capillary. This volum e 
is determ ined before the viscosim eter 
is pu t together. A bove the higher 
m ark there is a trap. On the other 
limb, not far above the capillary, 
another m ark is etched. The volum e 
of liquid used is alw ays the am ount 
required to  fill the instrum ent from 
this last m ark to the top of the trap 
in the other limb.

T h e modification of the viscosim ­
eters previously used, though only 
slight, has made the instrum ent easier 
to m ake and to calibrate. In  this 
work, instead of calibrating tw o limbs, 
we have taken the tim e of falling 
from  the higher to the lower m ark, wscosimzter b  
then reversing the pressure, taking the tim e of rising 
between the same m arks. This has proved as satis­
factory  as the former m ethod and saves the calibration 
of one limb.

The following form ula w as used in the calibration 
of the viscosity results:

_  7cr*pt id
 ̂ 8 vl 8nll

Tj is the viscosity, r  the radius, I the length of the 
capillary, v the volum e of liquid passing through the 
capillary, d the density of the liquid, p the pressure, 
and t the tim e of flow. The constants nr*/Svl and 
v/8nI were determ ined b y  takin g the tim e of flow of 
w ater a t 300 and a suitable pressure, the value of t) 
being taken from the data of Thorpe and Rodger. 
The correction to the pressure for an y  asym m etry 
in the instrum ent has an opposite effect according to

1 P hil. Trans. London. (A) .  185, 397 (1894).
2 Z.  physik . Chart., 80, 670 (1912).
3 h o c . c it.
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whether the liquid is rising or falling in a certain (the 
calibrated) limb. If p t  and t v  and p 2 and t 2, represent 
the tim es of flow and the pressures when the liquid 
is rising and falling, respectively, or vice versa, the 
correction to the pressure x  m ay be calculated accord­
ing to the equation

_  ¿¿x ~  
k  +  k

m ay be suspected. Of' course an adulterated butter 
m ay be m ade more fluid b y  the addition of one o£ 
man}1' oils possible, and such adm ixtures could be 
detected only b y  a  determ ination of other constants.

T h at the better grades of b u tter are the less viscous 
is evidenced b y  the constants of the four samples 
studied. Sam ple I- has the least am ount of soluble 
and volatile acids, and its high viscosity  corresponds

T a b l e I
Iod ine  nu m b er S aponification  nu m b er Inso lub le  acids Soluble  acids

Sam ple I I I A v. I I I Av. I I I Av. I I I Av. Meissl No.
B u tte r  I ............................................. ........................  36 .95 37 .13 37 .04 228 .9 229.1 229 .0 89 .41 8 9 .6 0 89 .5 1 - 3 .421 3.481 3.451 25.16
B u tte r  I I ........................................... 37 .92 38.01 224.1 225 .0 2 24 .6 88 .47 S8.92 88 .7 0 3 .869 3.911 3.890 26.69
B u tte r  I I I ........................................... .......................  30 .90 31 .02 30 .9 6 231 .3 231.5 23 1 .4 89 .23 8 9 .1 4 89 .18 4 .017 4.017 27.04
B u tte r  I V ........................................... 3 4 .2 6 34 .17 230 .4 230.1 230 .3 88.71 89 .10 88 .91 4 .0 2 6 4 .026 27.08
O leom argarine I .............................. .......................  58 .77 59 .17 58 .97 194.9 195.3 195.1 94 .7 4 9 5 .0 4 9 4 .89 0 .1 1 .1 0 .1 0.1660
O leom argarine I I ........................... .......................  64 .15 64.92 64 .54 191.3 190.9 191.1 94 .75 94.75 Less th a n 0 .1 1.100
O leom argarine I I I ......................... .......................  67 .92 67 .92 67.92 136.3 136.9 136.6 93 .48 93 .41 93 .4 4 Less th a n 0 .1 0.9124
O leom argarine IV ............................ .......................  78 .43 78 .06 78.25 134.6 133.8 134.2 98 .0 6 9 7 .9 9 98 .03 Less th a n 0 .1 0.4989
B u t te r  I I  (s ta le )............................... 40 .1 9 40 .27 227 .3 2 26 .9 227 .1 89 .27 89 .33 89 .3 0 4 .175 4 .163 4 .169 9.736
B u tte r  I I I  (s ta le )........................... .......................  33 .4 4 3 3 .7 4 33 .59 233 .4 23 3 .6 233 .5 89 .48 89 .6 0 89 .54 3 .7 4 9 3.741 3.745 26.01

W hile one viscosim eter m ay be used for m any 
liquids, where a long series of m easurements are to be 
m ade w ith  substances of sim ilar viscosity  it is more 
practicable to construct one w hich will allow  reason­
able tim es of flow. Therefore, for the m easurement of 
these fats, a viscosim eter was constructed w ith  a very  
short capillary tube, and its constants were determined 
b y  using a glycerol-w ater m ixture, the viscosity  of 
which was measured in an instrum ent adapted to 
liquids of the viscosity of water, and having a corre­
spondingly longer capillary tube.

Calibration of the viscosim eter used for the fats 
gave the following results:
L eng th  of cap illary  (a p p ro x .) ..................................................................  1 .8  cm.
Volum e of liquid  passing  th rough  th e  cap illa ry ............................... 2 .7 6  cc.
P ressure  co rrec tion ..................................................................................... ± 0 .2 0  cm .
TC
— ......................................................................................................................  0 .000004916
8 vl
v /S n l ................................................................................... ..............................  0 .03286

The times of flow for the various fats and at different 
tem peratures varied from about ten  to tw o minutes.

The results are g iven  in the tables w hich follow. 
Together w ith  the viscosities are presented the 
fluidities, these latter being calculated b y  takin g the 
reciprocals of the average viscosities. A ll viscosity 
results are expressed in C. G. S. units.

From  the results given in the tables several con­
clusions m ay be drawn. In the first place, as w ould be 
expected from the fact th at oleom argarine is more 
largely made up of the glycerides of the higher aliphatic 
acids, the margarines are considerably more viscous 
than butter. W ender1 seemed to consider th at there 
was but little variation in the viscosity  of different 
b u tter samples, while the viscosities of margarines 
from  various sources differed w idely. This work, 
however, shows th at an accurate instrum ent can detect 
variations in different grades of both  products, and 
th a t slight changes in com position affect the v iscosity  
of these fats to as m arked an exten t as th ey do the 
other constants determined. In  general, the lower 
the viscosity  the purer is the butter, and if a high 
viscosity  is found, adulteration b y  beef or other fats

1 Loc. cit.

to  the fact th at it is the poorest sample. Samples 
I I I  and IV  have the low est viscosity  and are shown 
to be the best butters b y  their high content of soluble 
and volatile acids.1

T a b l e  IX— D e n s i t i e s  

Sam ple 40° C. 65° C. 90° C.
B u tte r  1 ..............................................  0 .9063  0.S901 0.8745
B u tte r  I I ............................................  0 .9053  0 .8 8 9 6  0.8722
B u tte r  I I I ..........................................  0 .9026  0.8S6S 0.8716
B u tte r  I V ........................................... 0 .9 0 2 6  0 .8859  0.8720
O leom argarine 1 .............................. 0 .9 0 2 6  0 .8 8 9 4  0.8711
O leom argarine I I ............................  0 .8 9 8 9  0 .8837  0.S666
O leom argarine I I I ..........................  0 .8997  0 .8853  0.8666
O leom argarine I V ........................... 0 .9 0 2 4  0 .8867  0.86S2
B u tte r  I I  ( s ta le ) .............................. 0 .9069  0 .8890  0.8730
B u tte r  I I I  (s ta le ) ............................ 0 .9061  0 .8992  0.8720

In  connection w ith  the change of butter on standing 
several interesting observations were made. If the 
bu tter fat w as separated from  w ater and curd, it be­
cam e rancid v e ry  slow ly, and after standing for 
considerable tim e a t room tem perature no appreciable 
change in v iscosity  could be detected. Consequently 
some of Sam ples II and III  were allowed to grow 
rancid before rem oving the w ater and curd. The 
former stood about tw o m onths and the latter as many 
weeks. A s shown in T able II, the samples which 
stood the longer decreased in viscosity, while the others

T a b l e  I I I — V i s c o s i t y  R e s u l t s  a t  4 0 °

V iscosity

S am ple(a) D ow n U p Av. Fluidity
B u tte r  1 ...............................................  0 .3 2 4 4  0 .3 2 4 9  0 .3247 3.080
B u tte r  I I ............................................. 0 .3228  0 .3211 0 .3219  3.107
B u tte r  I I I .............................. ' ..............0 .30S 0  0 .3092  0 .30S6 3.241
B u tte r  I V ............................................ 0 .3 0 2 4  0 .3025 0 .3025 3.306
O leom argarine 1 ................................  0 .3 5 7 6  0 .3605  0 .3591 2.785
O leom argarine I I ..............................  0 .3582  0 .3 5 8  4 0 .3583  2.791
O leom argarine I I I ............................  0 .3 4 7 6  0 .3 4 6 4  0 .3470  2.882
O leom argarine IV .............................  0 .3352  0 .3353  0 .3353  2.9S2
B u tte r  I I  (s ta le )..............................  0 .3177  0 .3171 0 .3174  3.151
B u tte r  I I I  (s ta le ) ............................  0 .3105  0 .3111 0 .3108 3.218

(o) B u tte r  sam ples I  and  I I  c o st 33 cen ts  a  p o u n d ; I I I ,  3S cents; H> 
30 cents. O leom argarine sam ples I ,  I I  an d  I I I ,  25 c en ts ; and  IV , 15 cents,

increased. From  the Reichert-M eissl number it 13 
evident th at Sam ple II  lost considerably more of jts 
volatile acids than Sam ple III . Thi§ seeming dis-

1 I t  m ay  be  n o ted  th a t  S am ple  IV , p u rchased  in  th e  sam e market 
as S am ple  I I I  a t  less cost, is show n to  be  th e  better of th e  tw o.
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crepancy m ay be accounted for in the following 
manner: The b u tter w hich w as k ep t for the shorter
interval of tim e gave  off some of its volatile acids due 
to hydrolysis, and the higher acids rem ained for the 
most part unchanged. This w ould increase the 
relative per cent of these higher acids and conse­
quently the viscosity. The other sample, w hich be­
came very stale and of a p a sty  consistency, lost much 
more of the volatile  acids as shown b y  the constant 
and we should expect its viscosity  to  be so much the

T a b l e  IV — B u t t e r - O l e o m a r g a r i n e  M i x t u r e s — I 
V iscosity  

100 P e r  c e n t B u tte r

C. temp. D ow n U p  A v. F lu id ity
40°.......................  0 .3244  0 .3249  0 .3247 3 .080
50°........................ 0 .2 2 8 9  0 .2292  0 .2291 4 .365
60°........................ 0 .1 6 6 6  0 .1667  0 .1667 5 .9 9 9
70°.......................  0 .1257 0 .1258  0 .1258  7 .949
80°........................ 0 .09817 0 .09816  0.09817 10.19
90°........................ 0 .07847  0 .07857  0 .07852  12.74

95 P e r  c e n t B u tte r
40°.......................  0 .3278  0 .3262  0 .3270  3 .0 5 9
50°........................ 0 .2303  0 .2 2 9 6  0 .2300  4 .348
60°............  0 .1677  0 .1678  0 .1678  5 .9 6 4
70°........................ 0 .1265  0 .1264  0 .1265  7.905
80°.......................  0.09S81 0 .09858  0 .09870  10.14
90°........................ 0 .07863 0 .07891 0.07877 12.70

90 P e r  c e n t B u tte r
40°........................ 0 .3268  0 .3269  0 .3269  3 .059
50°........................ 0 .2303  0 .2302  0 .2303  4 .342
60°........................ 0 .1 6 8 4  0 .1 6 8 0  , 0 .1682  5 .9 4 6
70°........................ 0 .1275 0 .1283  0 .1279  7.818
80°........................ 0 .09889  0 .09847  0 .09868  10 .14
90°........................ 0 .07946  0 .07946  0 .07946  12 .59

75 P e r  c en t B u tte r
40°........................ 0 .3 3 2 6  0 .3 3 2 3  0 .3325 3.00S
50°........................ 0 .2340  0 .2343  0 .2342  4 .270
60°........................ 0 .1707 0 .1709  0 .1708  5 .8 5 6
70°........................ 0 .1292  0 .1290  0 .1291 7 .747
80°........................ 0 .1 0 0 9  0 .1011 0 .1 0 1 0  9 .902
9 0 ° .. .................... 0 .08094  0 .08088  0 .08091 12.36

50 P e r  c e n t B u tte r
40°........................ 0 .3403  0 .3381  0 .3392  2 .947
50°........................ 0 .2391  0 .2 4 0 4  0 .2398  4 .1 7 0
60°........................ 0 .1 7 5 6  0 .1745 0 .1751 5 .7 1 2
70°........................ 0 .1346  0 .1 3 5 0  0 .1348  7 .418
80°........................ 0 .1033  0 .1035 0 .1034  9 .672
90°........................ 0 .08310  0 .08277  0.08291 12.06

25 P e r  c e n t B u tte r
40°........................ 0 .3 4 8 4  0 .3481 0 .3483  2 .871
50°........................ 0 .2465  0 .2475  0 .2470  4 .049
60°........................ 0 .1 7 9 6  0 .1800  0 .1798  5 .5 6 0
70°........................ 0 .1369  0 .1 3 6 9  0 .1369  7 .305
80°........................ 0 .1071  0 .1062  0 .1067  9.371
90°........................ 0 .08556  0 .0S548 0 .08552  11.69

100 P e r  c en t O leom argarine
40°........................ 0 .3 5 7 6  0 .3605  0 .3591 2 .785
50°........................ 0 .2 5 2 0  0 .2522  0 .2521 3 .9 7 6
60°........................ 0 .1844  0 .1843  0 .1844  5 .4 2 4
70°........................ 0 .1398  0 .1 3 9 6  0 .1397  7 .157
80°........................ 0 .1 0 9 4  0 .1093  0 .1094  9 .139
90°........................ 0 .08758  0 .08758  0 .08758  11.42

greater. However, putrefaction of the casein also 
had commenced w ith  a resulting change in the bu tter 
fat which lowered its v iscosity  w ithout increasing the 
amount of volatile acids. These products, w hich do 
not influence the am ount of vo latile  and soluble acids, 
may be acids of low er m olecular w eight than those 
from which th ey  are derived, b u t w hich are insoluble 
and non-volatile. I t  should be noted th a t there is an 
increase in the q u an tity  of insoluble acids in this 
last sample considered.

If the above inferences are correct, it  is v e ry  probable 
th at the viscosity of butter increases w ith  tim e to a 
m axim um , and then decreases on putrefaction. The 
suggestion is of sufficient interest to w arrant further 
investigation.

The viscosity results in general bear out B ingham ’s1 
view s concerning the relations betw een viscosity  and

T a b l e  V — B u t t e r - O l e o m a r g a r i n e  M i x t u r e s — I I  

V iscosity  
100 P e r  c en t B u tte r

C. Tem p. D ow n U p  A v. F lu id ity

4 0 ° .......................... 0 .3 2 2 8  0 .3 2 1 1  0 .3 2 1 9  3 .1 0 7
5 0 ° .......................... 0 .2 2 6 0  0 .2 2 6 4  0 .2 2 6 2  4 .4 2 1
6 0 ° .......................... 0 .1 6 3 9  0 .1 6 4 3  0 .1 6 4 1  6 .0 9 4
7 0 ° .......................... 0 .1 2 4 3  0 .1 2 4 5  0 .1 2 4 4  8 .0 3 9
8 0 ° ...........................  0 .0 9 7 2 7  0 .0 9 6 8 6  0 .0 9 7 0 7  1 0 .3 0
9 0 ° .......................... 0 .0 7 8 2 7  0 .0 7 8 3 8  0 .0 7 8 2 7  1 2 .7 7
4 0 ° .......................... 0 .3 2 2 5  0 .3 2 2 6  0 .3 2 2 6  3 .0 9 9

95 P e r c e n t B u tte r

4 0 ° .......................... 0 .3 2 3 9  0 .3 2 2 7  0 .3 2 3 3  3 .0 9 3
5 0 ° .......................... 0 .2 2 7 4  0 .2 2 7 8  0 .2 2 7 6  4 .3 9 3
6 0 ° .......................... 0 .1 6 5 7  0 .1 6 6 0  0 .1 6 5 9  6 .0 2 7
7 0 ° .......................... 0 .1 2 4 9  0 .1 2 5 3  0 .1 2 5 1  7 .9 9 5
8 0 ° ...........................  0 .0 9 7 8 2  0 .0 9 7 1 4  0 .0 9 7 4 8  1 0 .2 6
9 0 ° ...........................  0 .0 7 7 9 1  0 .0 7 8 1 8  0 .0 7 8 0 5  12 .8 1

90  P e r c en t B u tte r

4 0 ° .......................... 0 .3 2 4 2  0 .3 2 5 5  0 .3 2 4 9  3 .0 7 8
5 0 ° .........................  0 .2 2 8 9  0 .2 2 9 8  0 .2 2 9 4  4 .3 5 9
6 0 ° .......................... 0 .1 6 6 7  0 .1 6 7 4  0 .1 6 7 1  5 .9 8 4
7 0 ° .......................... 0 .1 2 6 5  0 .1 2 6 6  0 .1 2 6 6  7 .8 9 8
8 0 ° ...........................  0 .0 9 8 8 4  0 .0 9 8 8 9  0 .0 9 8 8 7  10 .1 1
9 0 ° ...........................  0 .0 7 9 0 0  0 .0 7 8 9 7  0 .0 7 8 9 9  1 2 .6 6

75 P e r  c en t B u tte r

40° .......................... 0 .3 2 9 7  0 .3 3 1 5  0 .3 3 0 6  3 .0 2 5
5 0 ° .......................... 0 .2 3 2 3  0 .2 3 2 5  0 .2 3 2 4  4 .3 0 3
6 0 ° .........................  0 .1 7 0 0  0 .1 7 0 3  0 .1 7 0 2  5 .8 7 4
7 0 ° .......................... 0 .1 2 8 3  0 .1 2 8 4  0 .1 2 8 4  7 .7 8 7
8 0 ° .......................... 0 .1 0 0 3  0 .0 9 9 9  0 .1 0 0 1  9 .9 9 0
9 0 ° ...........................  0 .0 8 0 4 9  0 .0 8 0 5 6  0 .0 8 0 5 3  1 2 .4 2

50  P e r  c e n t B u tte r

4 0 ° .......................... 0 .3 3 9 7  0 .3 4 0 1  0 .3 3 9 9  2 .9 4 0
5 0 ° .......................... 0 .2 4 0 0  0 .2 4 0 8  0 .2 4 0 4  4 .1 6 0
6 0 ° ...........................  0 .1 7 5 1  0 .1 7 5 5  0 .1 7 5 3  5 .7 0 4
7 0 ° ..........................  0 .1 3 2 6  0 .1 3 2 7  0 .1 3 2 7  7 .5 2 9
8 0 ° .......................... 0 .1 0 2 9  0 .1 0 2 8  0 .1 0 2 9  9 .8 1 7
9 0 ° ...........................  0 .0 8 2 8 2  0 .0 8 2 7 4  0 .0 8 2 7 8  1 2 .0 8

25 P e r c e n t B u tte r

4 0 ° .......................... 0 .3 4 8 6  0 .3 4 8 8  0 .3 4 8 7  2 .8 6 8
5 0 ° .......................... 0 .2 4 6 0  0 .2 4 7 1  0 .2 4 6 6  4 .0 5 5
6 0 ° .........................  0 .1 8 1 4  0 .1 8 0 5  0 .1 8 1 0  5 .5 2 5
7 0 ° .......................... 0 .1 3 7 5  0 .1 3 8 3  0 .1 3 7 9  7 .2 5 1
8 0 < \........................ 0 .1 0 6 2  0 .1 0 6 3  0 .1 0 6 3  9 .4 0 7
9 0 ° ...........................  0 .0 8 5 7 6  0 .0 8 5 3 7  0 .0 8 5 5 7  1 1 .6 9

100 P e r c en t O leom argarine

40= .......................... 0 .3 5 8 2  0 .3 5 8 4  0 .3 5 8 3  2 .7 9 1
5 0 ° ! . .......................  0 .2 5 3 5  0 .2 5 4 1  0 .2 5 3 8  3 .9 4 0
60 ° .......................... 0 .1 8 3 3  0 .1 8 3 3  0 .1 8 3 6  5 .4 4 7
70 ° ; ; ; ; ; ...............0 .13 9 1  0 .13 9 1  0 .1 3 9 1  7 . « 9
8 0 ° ; .......................  0 .1 0 8 7  0 .1 0 8 5  0 .1 0 8 6  9 .2 0 8
9 0 » ...........................  0 .0 8 7 4 7  0 .0 8 7 4 3  0 .0 8 7 4 5  1 1 .4 3

fluidity and composition. B riefly his hypothesis re­
quires th at the flu idity of absolutely unassociated 
liquids, w hich do not change on being heated, is a 
linear function of the tem perature, and th at m ixtures 
of such liquids w hich do not interact should have 
additive fluidities. The flu idity tem perature curves 
for one series of m ixtures of bu tter and oleom argarine 
are shown graphically in Fig. II . I t  m ay be noted 
th at th ey  are nearly linear but th a t the slight curvature

i Z . physik . C h a n ;  66, 1 (1909).
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indicates a certain am ount of association in the fats, the flu idity is a linear function of the composition at
T h at this curvature is not a result of chem ical change an y and all tem peratures. Since the fluidity is the
of the fats as th ey are heated from 400 to 90 0 is proven reciprocal of the viscosity  it w ould be generally im-
b y  the data in Table V . The viscosity of the pure possible, according to the theory, for viscosities to be

additive. The viscosity  curves for the m ixtures given

T  & m  p e r -  a .'t'vx .v  e S
F ig . I I .  F lu id ity  T em p era tu re  C urves of B u tte r-O leom argarine  

M ix tu res— I

bu tter was determined after it had been so heated, and 
there is no change except w hat is well w ithin the 
experim ental error. Such association in the fats is 
very  possible since it has been shown th at esters are 
more or less associated. This same effect has been 
noted b y  one of us in w ork on fish oils.1 B y  Fig. I l l  
it  is seen th at in accordance w ith the second part 
of the fluidity hypothesis as stated, the fluidities 
of the butter and oleomargarine m ixtures are additive. 
E vid en tly  then, an y such association as w as indicated 
is so insignificant as regards our results and con­
clusions concerning the ad d itiv ity  of the fluidities 
of these fats th at it m ay be entirely disregarded. The 
slopes of the fluidity-tem perature curves are practically  
identical, and it is safe to conclude that, in this case,

1 Loc. cit.

J

c/0
0

>

o.
l oo

F ig . IV . V iscosity  C urves of B u tte r-O leo m arg arin e  M ixtures, 40°

com ponents of the m ixtures approxim ate each other.
It  was stated  above th a t there w as some variation 

in the viscosities of both b u tter and oleomargarine,

o o  7 s T  S o  2 , 5 " 0

i e . r  c.eYvt"o^(jes J3  e r

F ig . I I I .  F lu id ity  C urves of B u tte r-O leo m arg arin e  M ixtures, 40°

in Fig. I V  show th at this is also borne out experi- 
m entally, for v e ry  evid en tly  a linear curve is not 
obtained. H ow ever, as has been repeatedly shown, 
when the viscosities of such viscous liquids as these 
fatsjare studied, no great divergence from  the additive 
relationship is noticed when the viscosities of the
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yet there is a certain reliable m ean value for both. 
These values, w ith the fluidities, are:

V 9
B u tte r ..................................................  0 .3200  3 .125
O leom argarine..................................  0 .3 5 0 0  2.857

An adulteration of xo per cent m argarine in butter 
could be readily detected in the apparatus used in 
any case. Since pure butters from  an y one cream ery 
vary very little, b y  finding the mean value for such 
products, adm ixture of a foreign fat of different 
viscosity could be shown if even only i per cent were 
so added.

SU M M A R Y

1. Oleomargarine fats are alw ays more viscous than 
butter fats except, of course, where the viscosity  of the 
former is greatly  low ered b y  the introduction of large 
amounts of liquid fats as indicated b y  a chem ical 
analysis.

2. On standing, the viscosity  of bu tter probably 
increases to a m axim um  due to a loss of vo latile  acids, 
and then becomes less viscous as putrefaction sets in.

3. Although the viscosities for both  fats v a ry  some­
what in products from  different sources, the fluctua­
tion is always about a mean value w hich m ight be 
assumed without great error as a standard.

4 - The viscosities of the m ixtures are not strictly  
additive.

5. The fluidities are p ractica lly  linear functions of 
the temperature.

6. The fluidities of the m ixtures are additive, so 
that these, and not viscosities, should be the basis for 
any comparison.

7. Assuming th at the fluidity of bu tter does not 
vary more than 5 per cent in value, an adulteration 
of 10 per cent oleom argarine can be detected w ith 
assurance by the m ethod of determ ination used.

C l a r k  C o l l e g e

W o r c b s t e r , M a s s .

THE PROPERTIES OF W A TER ED  M ILK
B y E d w a r d  W. L o n g  a n d  C l a r e n c e  E .  M a y  

R eceived A p ril  2, 1913

Much w ork  in th e  d ete ctio n  o f ad ded  w a te r  in m ilk  
has been done b y  th e  usu al ch em ical m ethods. So 
*'ar as the au th ors are aw are, no e x te n s iv e  studies 
have been m ade of th e  ch an ges m et w here h ard  w ell 
water instead of d istilled  w a te r  has been  ad ded  to  m ilk, 
or where sucrose has b een  ad d ed  to  w a tered  m ilk  to  
build up th e re fra cto m e ter readin g, or w here a d d i­
tions of sucrose h a v e  been  m a d e to  w h ole m ilk  serum  
to build up th e im m ersion  re fra cto m e ter readin g.

The standard com p o sition  o f m ilk  has been  w ell 
established, and p u b lish ed  resu lts  o f num erous an a lyses 
°f Am erican c o w ’s m ilk  are w ell k n o w n .1 In  recen t 
}ears the m ethod of d ete ctin g  w a tered  m ilk  .has been 
largely a s tu d y  of th e  d ep o rtm en t o f th e g iv e n  sam ple 
of milk when th e corresp on d in g m ilk  serum  w as p re­
pared and exa m in ed  w ith  th e  Z eiss im m ersion  re- 
ractometer. V a rio u s  m eth o d s h a v e  b een  suggested

Leach, Textbook, "F o o d  A n a ly s is / ' 2nd  E d ., p . 127.

for the preparation of the m ilk serum prior to the 
exam ination of the refractive power of the serum. 
Villiers and B ertau lt,Ii2 as early as 1898, devised a 
m ethod using acetic acid for the rem oval of m ilk 
proteins. M atthes and Müller^ in 1903, m ade use 
of the Zeiss immersion refractom eter for the exam ina­
tion of the serum which th ey obtained from  spontane­
ously soured milk. Leach and Lythgoe,* in 1904, 
m ade use of the immersion refractom eter in exam ining 
m ilk serum prepared b y  the W oodm an m ethod. T o  
100 cc. of m ilk at about 20° C., 2 cc. of 25 per cent 
acetic acid were added, well m ixed and placed on a 
w ater bath  a t 700 C. for 20 m inutes. T he m ixture 
was then cooled for xo m inutes in ice w ater and filtered. 
The main difference between their m ethod and those 
form erly used was in the heating of the acid-m ilk 
m ixture for longer tim es a t lower tem peratures prior 
to filtration. Baier and N eum ann5 used an asaprol- 
citric acid m ixture as the precipitating agent. The 
serum so prepared was exam ined w ith  the W ollny 
m ilk fa t refractom eter. A ckerm ann6 used calcium  
chloride as the precipitating agent in the preparation 
of m ilk sera. W ith  ■ so m any procedures available, 
it seemed desirable to com pare the various m ethods on 
samples of known purity. This w as done b y  L yth goe 
and N urenberg.7 T h ey  found some m ethods had 
certain advantages over other m ethods b u t for ease 
of m anipulation and getting concordant results, the 
W oodm an acetic acid m ethod as used b y  Leach and 
L yth goe was preferred.

Other methods th at have been useful in the detec­
tion of added w ater to m ilk are dependent on the 
preparation of the m ilk serum and the using of this 
serum in various w ays such as the determ ination of 
the specific g ravity , the n itrate reaction w ith  di- 
phenylam ine, the determ ination of the freezing point, 
the determ ination of the electrical con d u ctiv ity  and 
the determ ination of the index of oxidation.

Using the specific g ra v .ty  m ethod of exam ination, 
B ull8 found th at in eight cases 5 per cent added w ater 
was distinguishable, in ten cases 10 per cent added 
w ater was distinguishable and in fourteen cases (all 
examined) 15 per cent added w ater w as distinguish­
able. A lthough the m ethod seemed more delicate 
than the refractom eter m ethod, the author fe lt the 
refraction m ethod more reliable.»

V aryin g interpretations are given to the estim ation 
of nitrates in m ilk as indicating the addition of w ater. 
T h ey are mentioned here to com plete the bibliography. 
T illm an10 claim ed th at w ater containing 10 mg. N jO s 
per liter could be detected when added to m ilk in 
am ounts equal to 5 per cent of the m ilk. G alvagn o11 
claim ed th at the nitrate reaction w as valueless, while

1 Reference to  V illiers a n d  B e r ta u lt,  T h is  J ournal , 1, 38.
2 Villiers and  B er ta u lt, B ull. Soc. C him ., 19, 305.
3 M atthes and  M üller, Z . oeffentl. Chcm., 10, 173.
4 Leach and  Lythgoe, J .  A m . Chem. Soc., 26, 1195.
5 B aier and  N eum ann , Z . N ahr. Genxcssvi., 13, 369.
* A ckerm ann, Ib id ., 4, 186; Chcm. A bslr., 1, 1588.
7 L y thgoe and  N urenberg , T h is  J o u r n a l , 1, 38.
8 Bull, Ibid., 3, 44.
® W oodm an, J .  A m . Chem. Soc., 21, 503. 

io T illm an, J .  Soc , Chcm. In d ., 30, 44. 
u  G alvagno, Chcm. Abstr., 3, 2838.
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R othenfasser1’’  concluded th at the n itrate reaction 
w as given too little rather than too m uch attention.

Fischer3,4 found the freezing point of whole m ilk 
to be fairly  constant, and when the w atering of m ilk 
was not greater than 5 per cent, he w as not able to de­
tect w ith  certain ty the presence of the added water. 
W ith  greater degrees of w atering he w as able to 
notice differences in the freezing points of the m ixtures.

Flohil,*’6 on the one hand, found th at even w ith 
20 per cent added w ater no m arked change in the 
electrical con ductivity  sufficient to throw  the sample 
of m ilk outside of the lim it for undiluted m ilk was 
noticed, while on the other hand Binaghi?’8 m ain­
tained that the electrical con d u ctiv ity  afforded a 
valuable indication of the presence of added water.

Comanducci»'10 devised a m ethod for the determ ina­
tion of the extent of w atering or skim m ing of m ilk 
based on the fact th at the num ber of cubic centim eters 
N/10  KM nO , (H 2S 0 4) necessary to oxidize a given 
qu an tity  of genuine m ilk was nearly constant. The 
author claim ed th at this m ethod could be used to de­
termine the percentage of w ater added or the per­
centage of cream rem oved, providing the m ilk had 
not been both w atered and skimmed.

Further, Burr and Berberich11 have proposed a 
m ethod for determ ining the w atering of m ilk b y  means 
of exam ining the ash content of the m ilk serum. 
T hey have found this figure to be in between 0.797 
per cent and 0.817 Per cent  for whole m ilk and for 
naturally-soured m ilk the figure was quite constant.

R ichm ond12 has found th at the am ount of w ater 
added to m ilk can be determ ined b y  adding the differ­
ence between the specific g ra v ity  of the sample and 
xooo to the figure representing the percentage of fa t 
in the m ilk. U nadulterated m ilk w as found to give 
a value of 36, but 34.5 was considered a safer lim it. 
This m ethod is perhaps of less value.

In the present investigation, the authors have used 
the acetic acid m ethod for the preparation of the 
m ilk serum. This involved treating 100 cc. of m ilk 
w ith 2 cc. 25 per cent acetic acid, m ixing thoroughly 
and heating stoppered in a  w ater bath  a t 700 C. for 
20 minutes. Besides using the whole m ilk sera, we 
have used various dilutions of m ilk and have em ­
ployed various tem peratures for reading the Zeiss 
immersion refractom eter.

Using a num ber of samples of m ilk, we have studied 
the effect of tem perature on the readings when th ey 
were taken at 1 5 0 C. and each respective degree of 
tem perature up through 200 C. The following re­
sults will serve as an exam ple; corrected readings are 
g iv e n :

1 R othenfasser, Chcm. Abstr., 3, 298S.
2 R othenfasser. Z . N ahr. G cn u sm ., 18, 353.
3 F ischer. Chcm. Abstr., 2, 1166.
4 Fischer, Pharm . Zt<j., 53, 48.
5 Flohil, Chcm. Abstr., 5, 359S.
0 F lohil, Chcm. Wcekblad, 8, 605.
T B inaghi, J .  Soc. Chcm. Ind ., 29, 1404.
s B inaghi, Biochcm. Ztg.. 26, 60.
9 Com anducci, Chcm. A bstr., 1, 15S8.

10 Com anducci, Gazi. chim. Hal., 36, I I ,  S13.
11 B u rr  and  B erberich, Chcm. Abstr.. 2, 3115.
>- R ichm ond, Leffm an and  B eam , "F o o d  A nalysis ,"  p. 216 (reference).

D ilu t io n  15° C. 16° C. 17° C. IS 0 C. 19° C. 20°C.
W hole m i l k . . . ...........................  4 6 .0 5  4 6 .0  4 5 .3  4 5 .6  45.3 45.1
20 p a rts  add ed  w a te r .......... 4 0 .4  40 .15  3 9 .9  39 .65  39 .4  39.15
40 p a rts  added  w a te r ..........  33 . 8 33 . 7 3 3 .5  5 3 3 .3  33.1 33.0
60 p a rts  added  w a te r .......... 27 .85  ^2 7  . 7 2 7 . 5 27 . 3 27.15 27.0

W e have exam ined ten  sam ples of m ilk obtained 
from a local dairy. The sam e m ilk on being diluted 
w ith w ater until the added w ater am ounted to 20, 
40 and 60 per cent, respectively, of the mixture was 
acidified and the serum  exam ined w ith  the refractom­
eter. The following results were obtained at 20° C:

W hole 20 p e r cen t 40 p e r  cen t 60 per cent
Sam ple m ilk H 20 Diff. h 2o Diff. H 20 Diff.

1 46 .45 3 9 .4 7.05 3 3 .3 6 .1 27.05 6.25
2 4 5 .6 39 .15 6 .45 3 3 .0 6 .15 27 .0 6.0
3 4 5 .2 39 .05 6 .15 3 2 .8 6 .25 26.8 6.0
4 4 5 .8 3 8 .2 7 .6 3 2 .8 5 .4 2 6 .9 5.9
5 44.1 37 .1 6 .0 3 2 .5 4 .6 26 .8 5.7
6 4 3 .5 3 7 .9 5 .6 3 1 .5 6 .4 2 6 .4 5.1
7 4 0 .9 3 5 .4 5 .5 3 0 .3 5 .1 25.3 5.0
8 4 4 .2 38 .2 6 .0 3 2 .2 6 .0 26 .2 6.0
9 42 .5 3 6 .8 5 .7 3 1 .0 5 .8 25 .7 5.3

10 43 .1 3 7 .4 5 .7 3 1 .3 6 .1 25 .8 5.5

The average differences in refractom eter reading 
for each 20 parts of added w ater as shown b y  the above 
table w as 5.88° on the scale of the Zeiss immersion 
refractom eter.

In  order to  ascertain w h at differences there might 
be when well w ater instead of distilled w ater was used 
for dilution of the m ilk, a  num ber of samples of milk 
were diluted w ith  w ell w ater and distilled water, 
respectively. The follow ing table shows the readings 
w ith the different w aters:

D i l u t i o n  D istilled  w a te r W ell w ater
W hole  m ilk , 4 2 .6
20 p a r ts  added  w a te r .......................  3 6 .7  36 .7
40 p a rts  added  w a te r .......................  3 0 .9  31 .0
60 p a rts  added  w a te r .......................  2 5 .9  26 .0

The well w ater used contained 0.030 gram  of total 
solids per 100 cc. From  the table it is evident that 
there is but little  difference in the readings. From the 
different sam ples exam ined it seemed th at with a 
w ater containing 0.030 gram  solids per 100 cc. 
there was an increase of about o .i °  above the re­
fractom eter reading observed when using distilled 
water. This difference is scarcely large enough to 
exceed the error possible in m aking the readings.

A m oun t of sugar
S a m p l e  A

Difference
pe r 100 cc. W hole m ilk p e r grain

G ram s readings of sucrose
0 .0 4 2 .8
1 .0 4 6 .6 3 .8 °
2 .0 5 0 .6 4 .0 °
3 .0 5 4 .6 4 .0 °

A m oun t of sugar

S a m p l e  B 

W hole  m ilk
Difference 
pe r gram

G ram s read ings of sucrose

0 .0 44 .15
1 .0 4 8 .0 0 3 .8 5 °
2 .0 52 .05 4 .0 5 °
3 .0 5 6 .1 4 .0 5 °

In studying the influence of sucrose added to milk 
whole m ilk w as adulterated w ith  x.o, 2.0, and 3-° 
gram  portions, respectively, of ordinary g r a n u la t e d  

sugar per 100 cc. of m ilk and treated  in the u s u a l  way 
to prepare the corresponding sera. G reat care was 
exercised in gettin g  a l l  the sugar dissolved and th e  

solution well m ixed. Fourteen samples of milk
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yielded an average increased reading of 3.98° on the 
immersion refractom eter scale for each gram  of sugar 
per 100 cc. of m ilk. The average difference per gram  
of sucrose was approxim ately  the same whether 1.0, 
2.0 or 3.0 gram s per 100 cc. of m ilk were used. The 
above will serve as representative samples.

Seventeen samples of ■ m ilk were adulterated b y  
additions of sugar and w ater. The samples were pre­
pared by filling 100 cc. flasks w ith  m ilk, w ithdraw ing 
20 cc. by means of a pipette, adding 1.0, 2.0 and 3.0 
grams, respectively, of ordinary granulated sugar, 
dissolving and m ixing the sugar solution carefully 
and then filling to the graduation m ark w ith water. 
The samples were then heated w ith acetic acid as 
usual for defecation. In  17 samples, an average 
difference of 4.020 instrum ent reading per gram  of 
sugar added was obtained. Follow ing this, sam ples of 
whole milk were diluted to contain 60 parts m ilk and 40 
parts of added water. F ive  sam ples gave an average 
difference in reading of 4 .1 0 instrum ent reading for 
each gram of sugar added per 100 cc. of m ilk. F ive 
samples of m ilk containing 40 parts of m ilk and 60 
parts of added w ater yielded a difference of 4.040 
(average) for each gram  of sugar added.

The average difference in reading produced b y  a 
gram of sugar added per 100 cc. of m ilk calculated 
on the total 41 sam ples including whole m ilk, m ilk 
containing 20 parts added w ater, 40 parts of added 
water and 60 parts of added water, respectively, per 
100 cc. of m ilk-m ixture, was 4.03 °. From  these re­
sults it seems th at 1 gram  of granulated sugar added 
to 100 cc. of m ilk raises the refraction of the serum 
about 40 and no great difference is observed when 
either whole m ilk or w atered m ilk is used. I f this 
increasing figure is used together w ith  the decreasing 
figure (2.9°) representing the refractom eter reading 
produced by 10 per cent added water, one should be 
able to adjust the tw o figures so th at the refractom eter 
reading on the serum w ould com e near th at observed 
for unadulterated m ilk. Thus b y  adding the proper 
amount of sugar, the serum of the w atered m ilk should 
be capable of yielding a refractom eter reading ap­
proaching the normal m ilk before adulteration. W e 
calculated w ith this in v iew  and found th at for every 
Jo per cent of w ater added, 0.725 gram  granulated 
sugar (commercial grade) such as we were using had 
to be added to each xoo cc. of m ilk in order to m ake 
the adulterated sam ple of m ilk give  the same re- 
fractometer reading as the original whole milk.

The following d ata  w as obtained from  an actual 
sample of m ilk th at showed a refractom eter reading 
°f the serum to be 4 4 .15 0 and contained total solids 
amounting to 14.48 per cent. On w atering this sample 
of milk until we had a m ixture containing 80 parts of 
milk and 20 parts of added water, and adding 1 gram  
°f granulated sugar, b y  calculation, we should have 
had a m ixture yie ld ing a serum w ith a refractom eter 
reading of 42.35°. B y  actual experim ent, we found 
42-I 5 as the observed reading. A dding 2 gram s of 
sugar per 100 cc. of m ilk-m ixture should have yielded 
a refractometer reading of 46.35°. B y  observation, 
the actual reading was 46.1 °. A ddin g 3 gram s of sugar

to 100 cc. of the m ilk should have given  us a  serum 
w ith  a refractom eter reading of 50.25°. E x a c tly  
this figure was found b y  experim ent.

The experim ental p art checked fa irly  well w ith  the 
calculations. O ther samples of m ilk w ith  w hich we 
worked varied  from  the calculated value as m uch as
0.50 b u t the m ajority  of the samples gave readings 
w ithin closer range of the calculated values.

The sample of m ilk just described in detail although 
w atered and sugared (1.0 gram  per 100 cc.) yielded 
a refractom eter reading safely above the standard 
usually associated w ith  whole m ilk. The to ta l solids 
in the diluted m ilk, after treatm ent w ith sugar, w ould 
have been 12.58 per cent, a figure exceeding the usual 
standard. The m ilk originally m entioned contained 
5 per cent fat. E ven  on dilution this resulting figure 
w ould have been above the standard for bu tter fat. 
I t  is evident th at the m ilk in question when diluted 
so as to contain 20 per cent added w ater and 1 gram  
of granulated sugar for every  xoo cc. of w atered milk, 
on being exam ined in the usual w ay  would have given 
results th at m ight have baffled the chem ist in d etect­
ing the added water. Unless the sucrose tests had been 
applied, the sample m ight have been passed as un­
adulterated milk.

I t  can be shown th at th is form  of m ilk adulteration 
is a profitable thing. A t  the rate of 1 gram  of sucrose 
to 100 cc. diluted m ilk containing 80 parts of whole 
m ilk, one quart of the m ilk w ould require 0.025 pound 
of granulated sugar to bring the refractom eter reading 
up to its original value. W ith  sugar a t 6 cents a 
pound and m ilk a t 8 cents a quart, 0.15 cent spent 
for sugar would yield  a return of 2 cents. The adul­
teration can be thus carried on profitably b y  the 
m ilk dealer if he is able to escape the chem ist’s sucrose 
tests.

C O N C L U S IO N S

1. The Zeiss immersion refractom eter m ethod of 
testing m ilk serum is doubtless the m ost practical 
m ethod for the detection of w ater addition, b u t this 
m ethod is far from infallible when used alone.

2. This w ork indicates th at for every 10 per cent of 
w ater added to m ilk, the serum when prepared b y  the 
acetic acid m ethod gives a refractom eter reading about 
2.9° lower than the unw atered milk.

3. The addition of 1 gram  of granulated sugar to 
100 cc. of m ilk, w atered or unwatered, w ill raise the 
refractom eter reading of the serum about 4 0.

4. The adulteration of m ilk b y  w atering and sugar­
ing can be profitably carried on b y  adjusting the 
am ounts of the adulterants and adding them  to the 
m ilk th at is well above the standard in solids and fat.

5. This w ork was carried out to find the actual 
im portance of the desirability of detecting cane sugar 
as a m ilk adulterant. I t  seems th at in exam ining 
com mercial samples of m ilk it is w ell w orth  the 
chem ist’s trouble to look out for the presence of this 
form  of adulteration.

C h e m i c a l  L a b o r a t o r i e s

U n i v e r s i t y  o f  I n d i a n a  

B l o o m i n g t o n
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THE DETERMINATION OF NITROBENZOL IN PEANUT OIL1
B y  H . J . L u c a s  

R ec e iv ed  M arch  18, 1913

In the regular routine w ork of this laboratory, 
it becam e necessary to determ ine the am ount of nitro- 
benzol present in certain varieties of peanut oil on the 
m arket. Because of its cheapness, a very  large 
am ount of this oil is consumed b y  the people of Porto 
Rico, especially the poorer classes, as a substitute for 
olive and other higher-priced oils. Inspection showed 
th at a considerable percentage of the oil on the m arket 
was adulterated b y  the addition of nitrobenzol, 
which has been added for the purpose of g ivin g a pleas­
ant odor, and of deceiving the purchaser into th in k­
ing th at the product was oil of b itter almonds. A n  
exam ination of these products led to the w orking out 
of the following method.

Nitrobenzol is easily volatile w ith steam, and can be 
distilled from an oil b y  this means. H owever, ex­
perim ents showed th at there is considerable loss from 
this procedure: ( i)  because, it is very  difficult to re­
m ove the last portions, and (2) because there is a 
continual, although slight loss b y  volatilization as 
is evidenced b y  the pronounced odor of the distillate 
Since the distillation m ust be carried on for some tim e 
this continual volatilization causes an appreciable 
loss.

N itro b en zol is ea sily  reduced  to  aniline in  h y d ro ­
chloric a cid  solu tio n  b y  such  red u cin g a gen ts as sta n ­
n ous chloride, and  m etals. A tte m p ts  w ere m ade to  
reco ver th is  aniline b y  d istilla tio n  w ith  steam , b u t the 
sam e d ifficu lties w ere en countered, as m en tion ed  ab o v e. 
H o w ever, b y  th e  use o f su ita b le  im m iscib le so lven ts 
i t  w as foun d th a t  th e  aniline could  be sep a ra ted  from  
th e  oil, ev a p o ra te d  to  dryn ess from  a  h yd ro ch lo ric  
a cid  solution, an d  w eigh ed  as an ilin e h yd ro ch lorid e. 
A lth o u g h  th e  m eth od  does n o t g iv e  a  co m p lete  re­
c o v e ry  o f n itrob en zol, it  is so n e a rly  so th a t  fo r  p ra c ­
tic a l purposes it  m a y  b e  considered as q u a n tita tiv e .

T o peanut oil, free from  nitrobenzol and aniline, 
were added varyin g am ounts of nitrobenzol, giving 
m ixtures containing from 0.125 Per cent to 1.000 
per cent of the latter. These were then analyzed 
according to the following m ethod: T h irty  gram s
of oil containing nitrobenzol are weighed into a counter­
poised, glass-stoppered Erlenm eyer flask of 150 cc. 
capacity. F ive  grams of zinc dust are added, and 
the oil gen tly  agitated  in order to distribute the finely 
divided m etal throughout the m ixture. Ten cc. of 
concentrated hydrochloric acid are then poured in, 
and the whole m ixed quickly and thoroughly b y  three 
or four rapid whirls. F inally, 10 cc. of w ater are 
added, and the entire contents shaken vigorously, 
care being taken to avoid loss, since the heat develop­
m ent m ay cause the stopper to loosen.

Should the odor of nitrobenzol disappear within 
a few  seconds, the am ount of same present is very  
small, and but little  more shaking is required for 
com plete reduction. If, however, it persists for over 
three minutes, the am ount is so large th at continual 
shaking for fifteen minutes is necessitated. In either

1 P ub lished  b y  perm ission of the  D irec to r of S an ita tion , G overnm ent 
o f P o r to  R ico.

event, a t the end of this tim e the liquid contents of 
the flask are transferred to a separatory funnel by 
means of 50 cc. of ether and 25 cc. of w ater, care being 
taken to leave behind in the flask as m uch of the un­
dissolved zinc as possible, w hich is washed into a 
second separatory funnel w ith  25 cc. of ether and 25 
cc. of 5 per cent hydrochloric acid splution. The 
aqueous layer from the first separatory funnel is fil­
tered through a w et filter into a third, and that from 
the second into the first. The contents of the second 
are then washed w ith  25 cc. and 10 cc. of 5 per cent 
hydrochloric acid, in two successive portions, which 
are, in turn, used for washing the oil-ether mixture 
in the first. The separate extractions and washings 
should be perform ed b y  shaking for tw o minutes, 
cautiously, as an em ulsion is ve ry  liable to form if 
the shaking is done vigorously. The filtrate is a 
perfectly  clear solution of zinc chloride and aniline 
hydrochloride in dilute hydrochloric acid, with traces 
of oil w hich passed through the filter.

This is now allowed to run slow ly into 50 cc. of strong 
sodium hydroxide solution (100 gram s of sodium hy­
drate to 150 cc. of w ater) w hich m ust be kept cool 
and shaken constantly. I t  w as found very conve­
nient to have the alkali in another separatory funnel. 
T he resulting solution should be clear, or nearly so. 
The aniline separates as an o ily  layer, if the amount 
present is considerable, and the zinc rem ains dissolved 
as sodium  zincate. E xtraction  w ith  ether is made, 
using 60, 40, 30 and 20 cc., and pouring off from the 
top into a perfectly  clean and dry separatory funnel. 
If, a fter standing for half an hour, sm all drops of water 
should be visible on the inner w all, the ether must be 
transferred to another, thus securing a solution of 
aniline free from  inorganic salts. F inal extraction 
is now made, using 4, 3, 2 and 1 cc. of 10 per cent 
hydrochloric acid  solution successively, and shaking 
each tim e for 2 m inutes. The acid  extractions are 
evaporated on the w ater-bath  in a tared platinum dish, 
which is kept covered until all the ether has boiled 
a w ay  and danger from  loss b y  spattering has ceased.

P e a n u t  O i l  
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L a r d  O il

6 30 1.000 0 .3 0 0 0 0 .2 9 6 0 0 .2 8 1 2 0 .9 3 7 9 3 .7
7 30 0 .5 0 0 0 .1 5 0 0 0 .1 4 8 6 0 .1 4 1 2 0 .4 7 1 9 4 .1

T h e ev a p o ra tio n  m u st be w a tch ed v e r y carefully at
the finish, the dish being rem oved ju st before dryness 
is reached, a t a point where the whole mass will just 
crystallize when allow ed to cool. I f  carried further, 
there is danger of loss b y  volatilization. The residue 
is dried to constant w eight in a  soda lime desiccator, 
this requires from  16 to  35 hours, depending upon 
the am ount of residue. On ignition a t a low red heat,
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the amount of inorganic m aterial is obtained, which, 
when subtracted from  the to ta l residue, gives the 
weight of aniline hydrochloride.

The accompanying tab le gives the results of analyses 
of mixtures of peanut oil and nitrobenzol of known 
strength, and also tw o of lard oil and nitrobenzol.

Ch e m i c a l  a n d  B r o m a t o l o g i c a l  L a b o r a t o r y  

S a n  J u a n , P. R .

THE DETERIORATION OF SODA W A T E R  DUE TO MICRO­
ORGANISMS

B y  N .  P. S h e r w o o d  a n d  C. C. Y o u n g  

R eceived J u n e  2, 1913

During the last tw o years m any letters have been 
received at this lab oratory  from  soda w ater bottlers 
asking for inform ation relative to the cause and pre­
vention of the so-called “ diseases” of soda water. 
In a few instances, a t least, bottling works have been 
forced to close down their business, owing to the fact 
that the product p ut out b y  them  continually “ went 
bad.” As it is of econom ic im portance to the various 
soda water m anufacturers throughout the cou n try  and 
indirectly of interest to the consumer, an invitation 
was extended to various bottling works in the state to 
send in to the laboratory samples of spoiled soda water 
whenever found. A ccordingly, a large num ber of 
samples were received and exam ined. I t  w as found 
that the spoiled beverages m ay be classified into three 
groups, namely: First, stringy pop; Second, pop w ith  
sediment and turb id ity; and Third, pop in which suffi­
cient fermentation had developed to blow off the caps 
or break the bottles. The authors have been unable 
to find records of an y  previous w ork on this subject.

A microscopical exam ination of several samples 
revealed the fact th at stringy pop, in these; particular 
cases, was caused b y  the presence of a one-celled algae, 
"Tetraspora.” D ata  on file in the w ater laboratories 
showed that the w ater supply used in the m anufacture 
of the soda w ater was infested w ith an excessive grow th 
of this algae. The stringiness was due to the m ucilagi­
nous nature of the cell w alls w hich hold the cells to ­
gether in large colonies. It can readily be seen th at 
any algae-infested w ater, used directly, will g ive the 
manufacturer trouble. The use of distilled w ater is 
the best and easiest solution of this difficulty. Filters 
will not protect the bottler from this trouble entirely 
«  the algae grow through the filters.

Those samples of soda w ater, showing only sedim ent 
and turbidity or in m any cases sedim ent alone, were 
shaken, carefully opened and portions of the contents 
plated out on agar and other portions were inoculated 
into saccharose and dextrose broth  ferm entation 
tubes. Microscopical exam inations were also m ade of 
the sediment settling to the bottom  of the bottle. 
The agar plates showed the presence of 30,000 to 45,000 
yeasts per cubic centim eter while the m icroscopical 
examination of the sedim ent established the fact th at 
it was made up, in every  case, of yeasts. Several 
strains of bacteria were isolated along w ith  the yeasts 
and kept for further stu d y as will be described presently.

While many bottlers reported losses due to blowing 
°ff of caps to bottles no samples thus affected were 
obtained, but instead a successful a ttem pt was m ade to
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produce this effect b y  inoculating various kinds of 
soda w ater under normal conditions, w ith three labora­
tory  strains of saccharose ferm enting colon organisms, 
which had been isolated from polluted w ater and sew­
age. The yeasts and bacteria isolated from samples 
showing sediment and in some cases m arked turbidity  
were separately inoculated each into a respective set 
of samples to check up the cultural and m icroscopical 
findings mentioned above. A  set of controls was also 
carried. Tw o varieties of soda w ater were used in 
these experim ents, Cocoa Cola and Cream. These 
were inoculated in sets of four bottles each w ith the 
following organisms:

S e t  L a b . N o.
S a c c h a ro se  fe rm e n tin g  co lo n  o rg a n ism .
S a c c h a ro sc  fe rm e n tin g  co lo n  o rg a n ism .
S a c c h a ro se  fe rm e n tin g  co lo n  o rg a n ism .
Y e a s t  ( fro m  g in g e r  a le ) .
S a c c h a r o s e  fe rm e n tin g  b a c il lu s . A cid . N o  gas  (fro m  c re a m

p o p ) .
Y e a s t  ( f ro m  le m o n  s o d a ) .
S a cc h a ro se  fe rm e n tin g  b a c illu s . A c id ,

g in g e r  a le ).
S a c c h a ro sc  fe rm e n tin g  b a c illu s . A c id . N o

g in g e r  a le ).
9 C o n tro ls .
N o t e : T h e se  e x p e rim e n ta l s a m p le s  w e re  b o t t le d  u n d e r  n o rm a l f a c to ry

c o n d itio n s , w ith  th e  e x c e p tio n  t h a t  a ll b o t t le s  w e re  s te r iliz e d .

W hen soda “ goes bad”  it does so alm ost invariably 
in hot weather, hence these bottles were placed in an
incubator and kept a t 370 C. for a week and then
placed at room tem perature and kept for several 
m onths w ith the following results:

S e t  A c t io n

1 D ev e lo p ed  s lig h t tu r b id i ty  o n ly .
2 D e v e lo p e d  s l ig h t  tu r b id i ty  o n ly .
3 D e v e lo p e d  s lig h t tu r b id i ty  a n d  su ff ic ie n t g a s  p ro d u c e d  to  l i f t  c a p s .
4  H e a v y  s e d im e n t p ro d u c e d , m a d e  u p  o f  y e a s t  a n d  c a p  fro m  o n e  b o tt le

li f te d .
5 T u r b id i ty  o n ly .
6 S e d im e n t y e a s t .
7 T u rb id i ty  o n ly .
S C o n ta m in a te d  w ith  y e a s ts , p ro b a b ly  f ro m  b o tt l in g  m a c h in e .
9 N o rm a l p o p . .N o s e d im e n t o r  tu r b id i ty .
N o t e : A c tiv e -g a s  p ro d u c in g  co lo n  o rg a n ism s  a n d  y e a s t  w e re  fo u n d .

It  would seem from the above th at while not all 
strains of saccharose ferm enting colon organism s will 
produce sufficient gas to lift  the caps on the bottles, 
y e t  an extrem ely good gas-producing strain m ay bring 
this about and also th at some strains of yeast w ill 
produce this result. Hence the use of polluted w ater 
might, in addition to endangering the health of the 
consumer, render the produce unsalable owing to pres­
ence of large numbers of colon organism s.1 In a 
previous paper b y  the authors, it was noted th a t when 
a certain strain of B. coli was inoculated into pop it 
rapidly died out; this, however, w as a non-saccharose 
ferm enting organism and did not produce turbid ity

in the pop. . .
It  is also evident from these experim ents th at sedi­

ment m ay be produced in pop owing to presence of 
certain wild yeasts, and also th at an y bacteria which 
ferm ent saccharose w ith  the production of acid b u t no 
gas m ay render the pop turbid and unsalable.

Inasm uch as it is an established fact th at algae 
grows only in the light it is im portant th at all distilled

1 T h i s  J o u r n a l . 3 , 495.
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w ater stored in the bottling plants should be kep t in 
the dark.

W e wish to suggest to bottlers th at th ey discard 
wooden kegs as they have been found to  be carriers of 
yeasts and undesirable bacteria even after attem pts 
have been m ade to sterilize them  w ith  hot water. 
Salt-glazed pottery, where substituted for wooden

receptacles, are ve ry  easily sterilized and have given 
excellent results in practice. E v e ry  effort should be 
m ade to  keep all m aterials covered to prevent the en­
trance of these organism s from the air.

B a c t e r io l o g ic a l  L a b o r a t o r ie s  
U n iv e r s it y  o f  K a n sa s  

L a w r e n c e

LABORATORY AND PLANT
SOME PROJECTION EXPERIM ENTS W ITH SPECTR A 1

B y  H . E . H ow e  
R eceived M ay 3, 1913

The developm ent of projection apparatus w ithin 
the last few years, producing forms w ith which work 
of precision can be done, naturally  led to the use 
of such instrum ents in fields where projection hereto­
fore has not entered. The m ention of projection ap­
paratus recalls to  the minds of m ost people sim ply the 
process of projecting lantern slides, b u t the physicist 
has for a long while used projection in lecture experi­
ments and laboratory work. Of late the biologist 
has found it m ost useful for lantern slides, opaque ob-

A  lecture given  b y  Dr. C. E . K en neth  Mees on the 
“ N ature of C olor” before the Rochester section of 
the Am erican Chem ical Society suggested these sim­
ple experim ents, for in th at address Dr. Mees used the 
Zeiss com plem entary color projection apparatus, the 
principles of which are used in the instrument I have 
here.

H ow ever, the Zeiss instrum ent is too difficult to 
set up and has other objections w hich made a sim­
plification very  desirable for our purposes. Mr. W. L. 
Patterson, of the Bausch & Lom b O ptical Co., there­
fore undertook the construction of a  complementary 
color apparatus w hich w ould have the form of a con-

jects, and for m icroscopical projection, not to replace 
the table microscope but as an accessory. It  has a l­
w ays seemed to me th at the chem ist could use pro­
jection (more especially in lectures) profitably and 
to a large extent if he w ould but w ork out a few  ex­
periments as a beginning, and add to them  as his fam il­
iarity  w ith  the projection suggests other experim ents. 
The first of these chem ical experim ents w ith  the aid 
of projection were given b y  Dr. Frank B. K enrick, of 
the U niversity of Toronto, and m yself, a t the general 
m eeting of this Society a t the W ashington m eeting, 
and the few  experim ents I now have to  offer are more 
in the line of physics b u t have an application to the 
teaching of chem istry especially in qualitative analysis 
where the spectroscope is used for the identification 
of certain elements.

1 P a p e r  p resen ted  a t  th e  general session of th e  M ilw aukee m eeting  of 
th e  A m erican  Chem ical Society , M arch 25, 1913.

F ig . 1

venient attachm ent w hich can be used on any of the 
well-known B alopticons possessing a lathe bed. Hie 
result was a light and easily adjustable apparatus 

which is shown in Fig. i.
The projection apparatus consists of a Balopticon 

set up for lantern slide projection b u t w ith an extra 
standard, upon w hich the adjustable slit is carried, 

placed betw een the condenser system  and the pro- 
jection lens and to the bed of this Balopticon, the com- 

plem entary color apparatus is attached  as illu s tra te d . 

This instrum ent consists of a short optical bench 
w hich m ay be adjusted to an y  angle w ith reference 

to the bed to w hich it is attached and which supports 
the following accessories:

I. A  bottle  prism for holding carbon bisulfide or 
any other liquid.

II. A n Iris diaphragm  and light shield.
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III. Lens w hich im ages Iris diaphragm  on the pro­
jection screen.

IV. A  screen w ith  rectangular opening and sup­
porting slides having both cross and vertical m ove­
ments.

V. A lens w hich m ay be swung in or out of the op­
tical axis, depending upon whether a disc in w hich the 
spectrum is reunited is desired or the spectrum  itself.

The optical bench is turned about the axis of this 
support until the angle of minim um  deviation of the 
prism is found when it is clam ped in its position. 
When set up we obtain a brilliant spectrum  of the 
carbon arc in rectangular form just as the student 
sees it in the spectroscope.

The screen IV  has a vertical and cross slide w ith 
clips for holding sm all deflecting prisms. B y  m oving 
these prisms to an y point desired th at portion of the 
spectrum can be deflected so th at w ith  V  in position 
we get two images of the Iris diaphragm , II, on the 
screen. One of these im ages w ill be the color of th at 
portion of the spectrum  w hich has been deflected while 
the remainder of the spectrum  is shown in the other 
disc; where the discs overlap we see w hite light. 
By using two prisms, one of w hich deflects the light 
downward and the other upward from the normal 
we can obtain three discs of light. The prism carrier 
may be moved across the spectrum  b y  means of the 
cross slide and com plem entary colors clearly  dem on­
strated. (This w as then shown.)

The absorption spectra of colored glasses or of solu­
tions can be satisfactorily  shown b y  placing the colored 
glass or cells of the solution in the p ath  of light just

F ig . 2

ack of the slit; th at is, betw een slit and the light 
source, near the slit. A n y  spectroscope cell can be 
employed. Those w hich I use are tw en ty-five m illi­
meters in thickness, provided w ith  a glass stopper to 
Prevent evaporation and consist of a glass ring ce­
mented between tw o square plates w hich act as a sup- 
port. W ith these cells I have found the following 
concentrations to be satisfactory: uranium  sulfate 

s per cent, potassium  bichrom ate 2z/j per cent, 
Potassium perm anganate V32 p art per 1000, copper 
and ammonium sulfate 2I/j per cent, didym ium

nitrate 30 per cent. These salts were chosen a t the 
suggestion of Dr. Mees as six w hich gave v e ry  charac­
teristic absorption spectra, and it is obvious th at the 
absorption spectrum  of an y  solution can be quickly  
dem onstrated to an entire class in this manner.

The emission spectra of elem ents is shown w ith 
the same apparatus b y  introducing salts into the car­
bon arc as is well known. The old m ethod of chang­
ing carbons for each elem ent to be projected m ust be 
followed if pure spectra are to be obtained, but the in­
convenience of changing hot carbons is overcom e b y  
the holder in Fig. 2.

R evolvin g holders for the carbons carrying the salts 
are not new, but in this design we have the revolving 
holder for the negative as well as the positive carbon, 
since if both carbons are not changed sufficient oxide 
is deposited on the negative carbon to g ive  an im ­
pure spectrum  w ith the n ext salt dem onstrated. 
W ith  w ork w ith direct current the best results are ob­
tained b y  having the positive pole on the low er car­
bon which carries the salt. To elim inate the spectrum  
of the carbon arc, a vertical arc is used and the car­
bons separated until the image of the arc and the 
spectrum  of the arc fall above and below the rectangu­
lar opening in the screen IV , F ig. 1. In  this posi­
tion the vapor of the salt becomes the source of il­
lum ination, and we have upon the screen the charac­
teristic spectrum  of the salt ju st as we see it in the spec­
troscope. In  this form  of holder one passes succes­
sively  to each of the five different salts w ith  the m ini­
mum inconvenience and b y  turning the upper carbon 
holder each tim e the lower one is turned, has in reality  
a fresh pair of carbons for each dem onstration.

The question of the best m anner in w hich to intro­
duce the salts in the arc n ext confronts us. The w ay  
in com mon use is to em ploy a carbon of the flam ing 
arc typ e or to drill out the core of the soft-cored 
carbon A, Fig. 3, and then fill this hole w ith  asbestos 
cem ent made up w ith the 
fluoride or chloride of the 
elem ent. I have found this 
to  g ive  good results when 
sufficient care had been 
exercised in preparing the

F

CAJ

n

" B  C

F i g . 3

carbon, b u t v e ry  frequently the substance m elted and 
ran to the bottom  of the cavity , leaving insufficient 
m aterial for the arc to g ive a  brilliant spectrum . There 
is also trouble in preparing a num ber of carbons if one 
wishes to dem onstrate an y num ber of salts. A  solid 
carbon turned out as in B, F ig. 3, was n ext tried b u t 
in this case the arc would form at the edge of the 
crater and run around the carbon, m aking it im possi­
ble to keep it centered. This led to C, F ig. 3, in which 
it was hoped the arc would rem ain at the center 
where the little  projection of carbon was left for the 
purpose, but this did n ot prove successful for the reason 
th at the arc in following the line of least resistance 
would sometimes jum p to the circumference. It, 
therefore, was little better than B.

N ext a solid carbon was turned to the shape shown 
in D and a cup formed b y  placing a short piece of 
porcelain com bustion tubing in the place indicated
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by the shaded portion. W hile this process was suc­
cessful in so far as keeping the arc centered w as con­
cerned and gave an easy m ethod for introducing 
any salt into the arc, it had the serious objection 
th at the glaze of the com bustion tubing gave the 
sodium line in all spectra. F inally, fused quartz was 
substituted for the porcelain and the result is a satis­
factory cup for the process. B y  using a carbon of 
small diam eter in the upper holder there is no diffi­
cu lty  in striking the arc, even after the original car­
bon projection has been burned aw ay. A n y  salt 
can be quickly introduced and the silica tubes serve 
for a num ber of burnings. Spectra of barium , stron­
tium , calcium, lithium , and silver w'ere found to be 
satisfactory for dem onstration. (These spectra were 
then shown.)

The spectra of gaseous elements have not been 
projected, owing to the fact th at sufficient illum ina­
tion could not be secured. The transform er type of 
spectral tube, Fig. 4, as designed b y  Dr. P. G. N utting 
overcomes this difficulty for, ow'ing to its construc­
tion in which a large capillary is em ployed w ith  corre­

spondingly large electrodes, 
a light 100 tim es as in­
tense as th at produced b y  
the old tubes is secured. 
This typ e of transform er 
tube uses about 10,000 volts 
which I secure b y  means 
of a Clapp-Eastm an trans­
former operating on an al­
ternating current of 110 
volts. This is an inexpen­
sive and excellent trans­
former and together w ith the 
tube described gives us good 
illum ination w ithout noise. 
The holder for t h e s e  
tubes consists of a suitable 
piece of asbestos wood
supported on a clamp 
which fits the optical bed. 
There is an asbestos wooden 
block on this which holds
the tube supported b y  a
brass p late in w hich the 
slit is cut. The p l a t e  

is held in position b y  tw o posts w ith  nuts. The
holder also carries tw o binding posts so th at
connections w ith  the platinum  wires of the trans­
former tubes can be carefully m ade a t leisure, 
leaving any hurried changes to be made w ith the feed 
wires a t the large binding screws. The holder w ith 
the tube is placed in the same position as the slit for 
the other experiments. The helium, hydrogen, and 
neon tubes used were loaned b y  Dr. N utting. (Spec­
tra  of the three elem ents were then shown.)

F or the arc spectra a sim ilar holder, F ig. 5, is pro­
vided. but in this case of slate since the resistance is 
such th at the 10,000 vo lt current from the condenser 
w ill flow from one term inal to  the other through as­
bestos wood. A  porcelain hood w ith brass cap in

w h ich  th e  s lit  is c u t  is m o u n ted  to  p re v e n t light fall­
in g in to  th e  room  a n d  th e  m eta llic  electrod es are fitted 
w ith  p in s as illu stra te d  so th a t  in ch an gin g from one 
set o f e lectrod es to  a n o th er it  is o n ly  n ecessary to’ in­
sert th em  as fa r  as th e  p in  
w ill a llo w  th em  to  go  an d  
secure th em  w ith  th e  set 
screw s. T h e  e lectrod es h a v e  
ch isel po in ts.

C on n ection s w ith  th e  cu r­
ren t are m ade a t th e  b in d ­
in g p o sts. So fa r  w e h a v e  
n o t been ab le  to  o b ta in  a 
su ita b le  screen fo r  d em on ­
s tra tin g  th e  u ltra v io le t 
sp ectra  o f th ese arcs to  
a n y  con sid erab le  n u m b er of 
p eop le  b u t hope to  a cco m ­
p lish  th a t  later. In  o b se rv ­
in g th e  sp a rk  sp ectra  of 
m etals  in th e  u ltra v io le t, 
th e  p ro jectio n  lens is re­
p la ce d  b y  one m ade of q u a rtz  
and  th e  b o ttle  prism  of c a r ­
b on  b isu lfide b y  a  q u a rtz  
C ornu prism .

T h u s, w e h a v e  sim ple de-
c  F ig .  5

vices for certain spectrum
exp erim e n ts w h ich  can  b e carried  on  so th a t  an entire 
class m a y  v ie w  th e  resu lts s im u lta n e o u sly  and also 
used as a- su p p lem en t to  th e  ta b le  spectroscope.

I t  is h op ed  th a t  th ose in terested  in th e su b je c t 

w ill find  th e  exp erim e n ts u sefu l in th e ir  work. I 
w'ish to  g iv e  p rop er reco gn itio n  to  D r. Mees and Dr. 
N u ttin g  for th e  v a lu a b le  a id  ren dered  in working out 
th e  d eta ils  o f th e  e x p erim e n ts  a n d  offerin g v a lu ab le  
su ggestion s an d  to  M r. P a tte rso n  w h o is r e s p o n s ib le  

for th e  designs of th e  sp ecia l a p p a ra tu s , carbon hold­
ers, sup porters, etc.

B a u s c h  &  L o m b  O p t ic a l  Co .
R o c h e s t e r ; N . Y.

A SHORT METHOD TO DETERM INE THE EFFICIENCY OF 
OXIDES FOR GAS PURIFICATION

B y  A. F .  K u n b e r g e r  

R eceived M ay 23, 1913

T h e  g a s  en gin eer as a ru le  is n o t as m uch in te re s te d  

in  h o w  m u ch  to ta l iron  o xid e is co n tain ed  in a given 
b a tc h  or sh ip m en t of o x id e  as he is in how much 
h y d rô g e n  sulfide can  be rem o v ed  p e r to n  or per bushel 
of o x id e b efore it  is sa tu ra te d  an d  requ ires renewal.

T h a t  th e regu lar ch em ical a n a lysis  does not give 
him  th is requ ired  in fo rm ation  is e v id e n t from  the fact 
th a t  one o xid e co n ta in in g  a lm o st twTice as much Fe.Oi 
as an other, m a y  abso rb  b u t T/ lt  ° f  th e  amount ni 
H ,S  abso rb ed  b y  th e  la tte r , an d  it  is th e  object of the 
p resen t com m u n ica tio n  to  d escrib e th e  method de­
ve lo p e d  an d  em p lo ye d  in th is  la b o ra to ry  for the 
estim atio n  of th e  efficien cy  of p u r ify in g  oxides.

T o  d eterm in e th e  q u a n tity  of H ,S  a given  oxi e 
w o u ld  b e ab le  to  decom pose, th e  w a te r  form ed by t e 
reactio n  wras abso rb ed  in a w eigh ed  tu b e  c o n t a i n i n g
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(used CaCl2, as a prelim inary experim ent. I t  ap­
peared evident, however, th at these results m ust be 
incorrect unless the am ount of m oisture in the oxide 
could be correctly estim ated before and after the test, 
so as to correct for the m oisture originally contained 
in the oxide, and carried along b y  the w ater formed 
by the reaction. This is difficult, and requires time, 
and, owing to the rap id ity  w ith  w hich some oxides 
revivify, it is alm ost impossible. W ithout this correc­
tion the method w ould be lacking in accuracy to such an 
extent that it would be of little  value, and to avoid 
this the entire products m ust bfe weighed.

The results obtained were very  satisfactory, and the 
method has been in use for over a year w ith  good re­
sults. It enables one to  determ ine in a very  short 
time (about 1 hour), w hether an oxide to be used, is 
very active, active, or indifferent.

The procedure is as follows:
A glass tube w ith a bulb a t one end (see C in sketch) 

is most suitable to hold the oxide to be tested, but a

U-tube or almost an y  other tube com pact enough so 
that it can be weighed on an analytical balance will 
answer.

In tube C a ayer is placed over the outlet to prevent 
any of the contents from  passing through the little 
outlet tubing. On this cotton is placed enough small 
granular calcium chloride to fill the bulb; it is then 
covered with a thin layer of cotton to hold the calcium  
chloride in place.

Five grams of the oxide to be tested are next m ixed 
with about 2 gram s of coarse sifted sawdust and placed 
in the tube, and covered w ith  another layer of cotton 
to prevent any of the contents from  falling out at the 
stopper end of the tube. The stopper is then inserted. 
The entire tube is accurately  weighed and the total 
weight noted.

A U-tube filled w ith calcium  chloride to d ry the 
hydrogen sulfide issuing from the generator is con­
nected with the test tube b y  means of a piece of rubber 
tubing and the whole connected w ith  the generator. 
A small piece of glass tubing closed a t one end so as to 
leave only a hole the size of a small pinhole and placed 
between the U -tube and the generator regulates the 
flow of gas.

The hydrogen sulfide gas generated in the K ipp  
generator, and dried b y  passing it through the calcium  
chloride in the U -tube, is decomposed b y  the iron 
oxide in the test tube C, forming iron sulfide and 
"ater. The w ater form ed is absorbed b y  the calcium  
chloride in the bulb of the test tube.

The test is carried on for 1 hour, after which tim e 
the test tube is disconnected and weighed. The gain 
in w eight represents the am ount of hydrogen sulfide 
absorbed, or rather decomposed, b y  the oxide. B y  
dividing the amount of oxide taken, into this weight, 
the percentage of hydrogen sulfide decomposed can 
be determined, and from the latter the sulfur calcu­
lated.

The following analysis and fouling tests made w ith 
some oxides will illustrate how much more satis­
factory  results can be obtained b y  the fouling test 
than b y  chemical analysis alone.

No. 1 No. 2 No. 3 No. 4 No. 5 
P e r  P e r P e r P e r P e r 

Sam ple No. « n t c en t cen t c en t cen t
I r o n o x id e .....................................................  “ 7 .3 6  64 .00  65 .92  72 .32  76 .90
T o tal H2S absorbed in 1 h o u r   22 .01  19.85 10.80 2 .6 6  2 .8 0
T o t a l  I I 2S  a b s o r b e d  p e r  u n i t  o f  F e 20 3  4 6 . 5  3 1 . 0  1 6 . 4  3 . 7  3 . 6

A f t e r  r e v i v i f i c a t i o n .............................................. 2 1 . 3 4  3 . 5  3 . 3 4  1 . 6 6  1 . 5 8

Since the above fouling tests were borne out b y  re­
sults obtained on a large scale in the works, one is 
encouraged to believe it will greatly  reduce the w ork 
of the chem ist, and a t the same tim e give inform ation 
th a t usually can not be obtained from  chem ical
analysis alone.

Some oxides are very  active a t the first fouling (when 
new), but revivification is slow and incom plete, and 
on second fouling th ey give far lower results. For this 
reason it is sometimes desirable to carry the test 
far enough to determine the total absorbing capacity  
of an oxide. This is particu larly  the case where a 
new oxide is to be introduced, as well as where new 
shipm ents are to be received. In  this case it is ad­
visable to keep the CaCl2 and oxide in separate tubes, 
but they should be weighed together.

A fter the first fouling, the oxide tube is discon­
nected from the CaCl2 tube, and air passed over it 
until com pletely revivified. To prevent an oxide 
w hich has the tendency to revivify  very  rapidly from 
getting too hot and consequently burning, thus be­
coming more or less inert, it is advisable to pass the 
air used for revivification over w ater so as to saturate

it w ith  w ater vapor.
A fter complete revivification, the tubes of oxide and 

CaCl- are again weighed and connected w ith the K ip p  
apparatus, and fouled a second tim e. This second 
fouling as a rule is sufficient to show how active the 
m aterial is, for if the results of the second fouling are 
very  close to those of the first, the m aterial is very  
active, but the test can be repeated the same num ber 
of tim es as the oxide is revivified in practice: thus 
the entire capacity  of the oxide can be determ ined 
before it is placed in service.

Ch e m ic a l  L a b o r a t o r y  
U n it e d  G a s  I m p r o v e m e n t  Co.

P h i l a d e l p h i a

t h e  e l i m i n a t i o n  o f  r u b b e r  s t o p p e r s  f r o m  t h e

VITRIFIED CLAY COMBUSTION TUBE B Y  MEANS 
OF TAPERED CLAY INLET AND OUTLET

R eceived Ju n e  13, 1913 
B y  Ch a s . M o r r is  J o h n s o n

In T h i s  J o u r n a l ,  5 , 488, the w riter published 
an account of a vitrified clay  com bustion tube w ith
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tapered outlet designed b y  the author and m anufac­
tured a t this works. The tube has been in' success­
ful operation for six weeks of tw enty-four hour w ork­
ing days and is still in commission. Several more 
a re  now in use and m ark a considerable reduction in 
cost of carbon determ inations as the m aterial from 
which the tubes are m ade costs less than 1 cent per 
tube.

The advantage of the tapered outlet very  soon 
suggested the m aking of a tapered clay  inlet which 
is shown at K  in the illustration and also a t L-M.

The clay part of the inlet is a duplicate of the out­
let end. The tubte is charged and discharged b y  re­

m oving L-M which is connected to the m ain part of 
the com bustion tube b y  means of the rubber sleeve 
M. This connection is a piece of 3/< inch bore, */u 
inch w all and 2*/< inches long, pure rubber tubing. 
This sleeve is more easily handled than a rubber stopper. 
The operator grasps L-M at the clay  part L  and slips 
it over the main part of the com bustion tube and 
twists it firm ly in place. The clay  p art L  offers a 
substantial hold for one’s hand and is absolutely safe. 
A  glass taper would be dangerous as it m ight be crushed 
when grasped, causing a wound.

The slip-over connection is geom etrically a tighter 
connection than a rubber stopper, for the reason th at 
the latter affords an exam ple of a conical surface

EXPERT TESTIMONY— ITS M ATERIALITY— CAUSES FOR ITS 

DISCREDIT— AND R EM ED Y1

B y  J u d g e  J .  T . R o n a l d

E xpert testimony docs not always consist entirely of opinions. 
The bacteriologist knows whether microbes are in the water 
and whether germs are in the food; the toxicologist knows whether 
poison is found in the tissues; the metallurgist knows that cer­
tain clays contain aluminum and that it will bubble forth 
under certain heat; the chemist knows the results to follow cer­
tain conditions; the doctor knows the causes of m any diseases 
and conditions; the constructive engineer knows the tensile

1 A ddress delivered  b y  Judge  R onald , of th e  K ing  C ounty  S uperio r 
C ourt, before th e  P u g e t Sound Section, A. C. S.. M arch, 1913. •

pierced b y  the cylindrical surface of the combustion 
tub e which m akes only a single circle of contact be­
tw een the stopper and the tube. The slip-over gives 
a tangential contact w hich provides innumerable circles 
of contact.

F urther superiority of the tapered clay  and rubber 
sleeve inlet is that, should the bore of the combustion 
tube tend to be elliptical instead of a true circle, the 
e lasticity  of the rubber sleeve will still give a pres- 
sure-tight connection on account of the large surface 
of contact.

A gain, m an y com bustion tubes offered by dealers 
are rejected because of grooves in the interior walls,

a t the inlet or outlet ends, w hich m ake tigh t connections 
w ith rubber stoppers impossible. The tapered slip­
over connection renders such tubes perfectly satis­
factory.

T he entire apparatus w ith  the single exception of 
the little  m ercury va lve  tube attached  to L-M is the 
author’s design and shows but one rubber stopper 
a t an unim portant point in the little  IvOH drying 
tube a t the extrem e outlet end'of the combustion train. 
This could also be elim inated b y  a small glass taper 
or clay  taper.

L a b o r a t o r y  o f  t h e  P a r k  W o r k s  
C r u c i b l e  S t e e l  Co. o f  A m e r ic a

strength of various materials; the civil engineer knows levels, 
curves and volume of cuts and fills. A ll this is expert testi­
mony, but this paper deals only w ith that class of espert testi­
mony which consists entirely of opinions on questions of science 
or skill, given by persons learned or experienced therein- It 
constitutes the exception to the general rule of law, that opinion 
are not admissible in evidence.

Em inent jurists are on record in favor of the abolition of this. 
exception and the rejection of all opinions as evidence. This, 
in m y opinion, would be a serious retrogression, and " ou 
result, in m any cases, in excluding from courts of justice materia 
truth, and the consequent rendition of unjust judgments base 
on falsehood.

The field of judicial investigation, requiring the assistant

ADDRESSES
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of experts, is illimitable. Questions relating to human anatom y, 
diseases of the human body, derangement of the functions of 
the brain, the genuineness of handwriting, valuation of or dam­
age to property, compliance w ith technical requirements of 
contracts, infringement of patents, causes of death, existence 
of mineral veins, customs of marine traffic, causes of this or that 
chemical, electrical or some other natural phenomena, of which 
the average lawyer, juror and judge possess no knowledge, are, 
in some form or other, subjects of daily investigation In our 
courts.

The further advancement of sciences in new and unexplored 
regions, supplanting last year’s contested theories with this 
year’s established facts, and evolving from last year’s unlocked 
dark mysteries the dawning light of this year’s progressive 
theories, thereby appreciably m agnifying the importance of 
enlightening the trial tribunal w ith the best evidence which ad­
vancing science can produce, makes the testimony of the ex­
pert more and more a  material aid to the ascertainment of truth. 
Nor must it be supposed that the expert in the scientific field 
deals altogether w ith mere theories.

While it is true that m any of N ature’s laws are not under­
stood; that m any conflicting systems of some of her branches 
of science have not been reduced to uniform ity or exactness—  
thereby affording an ever fruitful source for conflicting theories, 
or for disagreements among contentious exponents, however 
sincere, yet, in the words of an eminent ■writer; "N o  one who 
is borne along by the irresistible current of modern inductive 
thought, can escape the conviction that in the realm of Nature, 
all things— all activities— conform to definite and immutable 
laws; that many of these law's scientists now understand and 
have formulated in terms of m athem atical precision. The 
astronomer has scanned the heavens and read the glories of in­
finity; the geologist has studied the earth and found 'tongues 
m trees, books in running brooks, sermons in stones ¿nd good 
in everything.’ Old ideas have perished in the retort of the 
chemist. A  new world has been discovered by the microscope; 
everywhere has been found the infinite. In  every direction 
man has investigated and explored, and nowhere on earth or 
star has he found the least interference w ith the external reign 
of Nature’s laws.”

A practical chemist can tell whether stains are of blood or 
rust, and if of blood, whether of man or beast. The experienced 
toxicologist can determine whether death be the result of poison; 
yet, upon true answers to these and many similar questions, 
justice itself, stern and exacting, or a  human life m ay depend.

Such testimony is often the only means of arriving a t the truth, 
and “ When delivered w ith caution and without bias in favor 
of either party or in aid of some speculation and favorite theory,
•t becomes a salutary means of preventing intelligent juries from 

owing a popular prejudice, and deciding a cause on inconsist­
ent and unsound principles.”

Yet, material as expert opinions are to the administration 
°f justice, the courts arc confronted by a  condition where, w hat­
ever the causes, the evidence of the paid expert has very little,
1 any, value with judge or jury. I t  is admitted because the 
,a"  a" ows such, and because nothing better can be had, but it 
■s a common occurrence, after such testimony has been elaborated 
and at great expense introduced, to see juries who, instead of 
ewg enlightened and aided, are but bewildered and perplexed, 

ar>d show their contempt b y  absolutely disregaiding the whole 
mass thereof. “ They do not attem pt to weigh honors, learning, 
experience or standing of one expert contradicted b y  another.

ey do not attem pt to compare relative value or reasonable- 
ness of conflicting expert testim ony.”

hile conceding its importance, it is condemned b y  judges 
general, by respectable legal text books and journals. It  

meets no praise in any recent decision— finds no welcome in 
n) existing court. One author says; “ There is a growing tend­

ency to look w ith distrust upon every form of skilled testim ony.”  
An eminent writer and 'aw yer in an address before the Penn­

sylvania Bar Association in 1898 said: ‘ ‘It  is patent to any one 
who chooses to inform himself that expert testimony, as now 
received in our courts, is looked upon by the public as an un­
mitigated farce and a nuisance.”

The Supreme Court of Michigan (29 Mich. 4) says; "The 
experience of courts w ith the testim ony of experts has not been 
such as to impress them w ith the conviction that the scope of 
such proofs should be extended. Such testim ony is not desir­
able in any case when the jury  can get along w ithout it .”

The Supreme Court of the United States (1 Curtis 439) says 
of it: "T his species of evidence is less satisfactory than any 
other.”

Nowhere is this state of affairs more deplored than among 
members of the profession themselves. The Medico-Legal 
Journal of June, 1912, of medical opinions, says: “ The value 
and efficiency, and public utility of medical expert testimony 
has fallen into great disfavor among all classes of our people 
in a lamentable degree."

A  well-known alienist, writing in the March number of the 
same journal, said of his own profession: "N o class of specialists 
in any profession has been as bitterly assailed and severely criti­
cized as the alienists. * * * T h ey are the victim s of public 
suspicion, of newspaper condemnation, and of the criticism of 
their own colleagues in the medical profession. * * * The shadow 
of suspicion universal and disquieting falls athw art the repu­
tation of the alienist and, like a  freak of the unreasoning ele­
ments, descends alike upon the just and the unjust.”

Now, it is a bad condition of affairs when testimony so material, 
and in m any cases absolutely indispensable, to the cause of truth 
and justice, should go upon its mission so tainted and discredited. 
There are underlying causes for this degradation, and before 
this class of evidence can have its due weight and effect it  must 
regain public confidence; to do this the underlying causes must 
be removed.

Among lawyers generally, and judges and thoughtful writers 
on the subject, there exists great unanim ity as to the principal 
causes responsible.

One contributing cause is often found in the lack of quali­
fication of thé expert himself, or in the ignorance of counsel, 
and sometimes in both. Courts are often too lax  in applying 
the tests of qualification. Instead of requiring the proffered 
expert, as a pre-requisite to giving his opinion, to show he pos­
sesses special knowledge and skill concerning the particular 
subject under investigation, all that is generally required of him 
is to say he possesses some knowledge of the subject, whereupon 
the Court indulges the presumption that he is entitled to exploit 
his theories. My mind recalls an instance related b y  a  promi­
nent lawyer, where the "whole construction of a railroad was 
shown to be wrong from beginning to end by the testim ony 
of a man who had been a section foremen until he had reached 
a point of inefficiency even for that job.”

I have known expert surgeons to be totally discredited by 
glib and voluble doctors whom no intelligent man would trust 
to sew up a cut finger.

Average professional knowledge does not supply proper quali­
fications in all cases; yet average doctors often testify without 
any investigation or experimentation, in cases involving chem­
ical or microscopical examination. I  have, on more than one 
occasion,witnessed the spectacle of an ordinary doctor who never 
saw the defendant until the day of trial, and then only for a  
few minutes when the prisoner knew he was being watched, 
setting up his opinion with an air of greatest confidence, against 
the experienced alienist w'ho had been observing b y  night 
and by day without knowledge or suspicion on the part of the 
prisoner.

Again, it is not uncommon to see the old successful practi­
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tioner, with presumptuous pride, relying entirely upon his 
learning— his reputation— w ithout making the least investiga­
tion of the precise m atter in dispute, in face of the well recog­
nized fact that "experim ent and discovery are so constantly 
changing theories on scientific subjects that the books of last 
year m ay contain something which this year everybody rejects 
as absurd,”  and when such an experim ent is made by another, 
discovers the error of his position.

And often when the expert is well qualified, the lack of knowl­
edge of examining counsel deprives court and jury of the expert’s 
science.

The more counsel knows of the science under investigation 
the more easily can the whole truth be extracted from the scien­
tist. I t  is not always easy, under our rules, for an expert, how­
ever skilled and unbiased, to state the whole truth clearly in 
answer to questions propounded b y  uninformed lawyers, and 
if the expert, perceiving the law yer’s lack of information, and 
noting the defects in his questions, suggests the needed elements 
to elicit the whole truth, he is callcd down by the other side for 
volunteering, and required to confine his answers to the senseless 
questions propounded.

Ofttimes an illustration designed to bring out the whole truth 
plainly, is spoiled b y  confusing interruptions of the examining 
counsel, or technical objections of his opponent. Often on cross- 
examination a paragraph from some book is read to the expert 
witness conflicting with the opinion he has advanced.

Now it is a well-known fact that writers on science, and 
especially medical science, have their various and conflicting 
theories which are sustained or combatted w ith great ingenuity. 
The other lawyer, and perhaps the expert himself, does not know 
that the theory supported by the quotation read m ay have been 
"vigorously contested or perhaps trium phantly overthrown by 
other authors.”

Another contributing cause is the “ H ypothetical Question.”  
This judicial "H yd ra”  has been long tried, fairly weighed and, 
to the detestation of all fair-minded experts and the abhorrence 
of all broad-minded courts, has been found to be a useless 
vampire which, in practice, devours the very truth it was, in 
theory, designed to convey. W hatever the theory of the rule 
requiring it, in practice a vast m ajority of hypothetical questions 
do not, and from the nature of the case ordinarily cannot ade­
quately and, therefore, impartially present either the actual 
or most probable state of the case. Sc'dom  is. and, assuming 
the fairest intention in the examining lawyer, rarely can the 
question be so framed as to embody a full and fair submission, 
or to embrace a completely comprehensive view of all the relevant 
facts or elements in the case. Therefore, the opinion of the 
expert, who has not himself heard all that was to be heard, nor 
seen all that was to be seen, must necessarily cover only a 
part of the ground and be misleading. The fact that other 
and new elements arc injected, or brought out on cross examina­
tion, eliciting apparent modifications or qualifications of the 
opinion in chief, tends to develop a seeming inconsistency and 
to create in the mind of a juror an impression that the expert 
is a partisan, who in his original answer attem pted to mislead 
the jury and who, finally ; ont adieting himself, s unworthy 
of belief. This method has been aptly  characterized by one 
writer as the "Hypotheses abomination— a lamentable method, 
vicious, misleading and subversive of every attem pt at fair­
ness.”  Concerning it and its answer, another has w ritten: 

It  is perhaps the most abominable form of evidence that was 
ever allowed to choke the mind of a juror, or tluottle his in­
telligence.”

Another contributing cause lies in the fact that there is no 
limit, except the arbitrary discretion of a court, as to the number 
of expert witnesses a party m ay call, and it is rare when one 
party will content himself with a less number than his opponent 
had. This practice, besides producing a  "m otley collection

of conflicting opinions”  leaving confusion worse confounded, 
tends to disgusting prolixity and entails an expense far beyond 
the value of any results realized.

Concerning this practice a  Justice of the Supreme Court 
of the United States (29 How. 101) said: “ Experience has shown
that opposite opinions of persons professing to be experts may 
be obtained to any amount; and it often occurs that not only 
m any days, but even weeks, are consumed in examinations to 
test the skill or knowledge of such witnesses and the correct­
ness of their opinions, wasting the time and wearying the patience 
of both court and jury, and perplexing instead of elucidating 
the question involved in the issue.”

Another member of that high court in 1 Curtis 439 said: 
" I t  is common remark that when there is any room for a differ­
ence of opinion, experts in about equal numbers will generally 
be found testifying on each side.”

Justice Miller, one of the ablest members who ever graced 
that august bench, said (4 Dill 488): "M y own experience, both 
in the local courts and in the Supreme Court of the United 
States, is that whenever the m atter in contest involves an im­
mense sum in value, and when the question turns mainly upon 
opinion of experts, there is no difficulty in introducing any amount 
of them on either-side.”

B u t chief above all causes, and far more disastrous in its 
results, is the partisanship of the experts themselves. I do 
not wish to be understood as intim ating that experts, as a rule, 
arc dishonest. Far from it. No class of experts have suffered 
so much in reputation among jurors and the public generally 
as medical experts, and yet to say they all, or even generally, 
arc dishonest is to utter an infamous libel against the most 
unselfish profession in the world. B u t there are dishonest men 
in all professions. I  am impressed w ith the conviction that 
some make a business of furnishing expert opinions to order. 
Sometimes in their partisan zeal to further the interest, right 
or wrong, of the party employing hem, they will not hesitate 
to inject into a  case, not only an immaterial, bu a dishonest 
clement. Time and again have I heard a  physician, driven to 
the wall for an excuse for his opinion that a litigant’s injuries 
were not the result of accident, defend his untenable position 
by delivering a supposed “ knock out” to the effect that he had 
found upon the person of the party, scars which might have 
been (not that they probably were) caused by syphilis— thus 
injecting into the case a false theory or possible defense never 
testified to by  a single witness or suggested by any inference 
from the pleadings.

In a  certain personal injury case in this county some year3 
ago, plaintiff’s expert testified to permanent injuries; defendants 
experts testified to the contrary. A t  one period during the trial 
the medical gentlemen finding themselves together in my 
present chamber, fell to discussing the merits of the respective 
theories. One of them, at the time of the highest standing in 
his profession, was overheard to say: “ I am an expert for the 
plaintiff and must necessarily hold up the plaintiff’s cause of 
action. Y o u  are an expert for the defendant, and you must 

necessarily testify in favor of the defendant.”
The public have not forgotten an episode occurring during 

an inquiry about two years ago into the ;an ity  of Harry Thaw, 
where a  certain prominent alienist swore that Thaw had no 
incurable mental disease; whereupon being confronted with 
a report he had made before the famous trial to Thaw ’s counsel, 
to the effect that Thaw  was burdened w ith a “ hereditaiy maladv 
with a sequence of aberrations that amounted to a chronic 
ailm ent,”  he attem pted to explain his contradictory s t a t e m e n t s  

with the statem ent that these anti-trial opinions were merely 
a "m edical brief”  for the use of T h aw ’s counsel during the tr ia l 

I t  is just such exhibitions as the foregoing by  exponents 0 
science that provoked from a learned « T i t e r  the following sc' 
arraignment of science: " I f  Science, for a consideration, can
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be induced to prove anything which a li:igant needs in order to 
sustain his side of the issue then Scicncc is fairly open to the 
charge of vena ity and perjury, rendered the more base by  the 
disguise of natural truth in which she robes herself;”  and that 
caused Professor Himes, a writer in the Harvard Lavj Journal, 
to say: “ It is often surprising to see w ith w hat facility and to 
what extent their views can be made to correspond w ith the 
wishes or interests of the parties who call them.”

This language can apply only to dishonest experts, for it 
is not correct to say, in all instances, that experts shape their 
views to correspond w ith the wishes of the employer. The 
honest expert refuses to conform his views to any interest save 
what he believes to be the truth. A s a lawyer cannot be ex­
pected to employ an expert whose opinion is against the interest 
of his client, so a scientist, who finds his views happen to conform 
with the view of the employer, violates no rule in engaging, for 
a consideration, to testify his sincere opinion. B u t when an 
expert, sincerely believing in the correctness of his views, finds 
himself employed to defend them because they accord with the 
theory which his employer seeks to establish, there naturally 
springs in the most honest breast a zeal to prove, in  this battle 
between contesting theories, the soundness of his own opinion. 
And the stronger his convictions, the more natural it  is— how­
ever honest and unpurchasable he m ay be— that he should be­
come the earnest advocate of his theory, and, unavoidably, 
a zealous and loyal assistant of the attorney paying him to es­
tablish that theory. I t  is too much to expect an expert, who 
thus looks upon the contest as a  battle between the true and 
the false, in which he is engaged to aid in the triumph of the 
true, to be entirely unprejudiced. H e will not sit calm ly and 
see his theory, w'hich he believes to be the truth (and which he 
is paid to establish), overthrown by w hat he believes to be the 
false. The greater his sincerity, the more earnest his advocacy. 
The experts then become the contending parties in a contest 
of theories. T hey align themselves into classes— each becoming 
a champion of his own class theory, and assuming the attitude 
of the advocate rather than that of a scientist. T he expert 
is then truly biased. It  is a  purely scientific bias due to his 
peculiar views. It  m ay be likened to the religious bias of the 
sincere and zealous minister favoring the theory of hell fire 
for the sinner. "A gain st such a bias no amount of self-restraint, 
nor the most sensitive conscience will fortify a man.”  Such 
a man is often an upright, learned, conscientious man, deserv- 
lnS and commanding the greatest respect and profoundest ad­
miration— all of which only tend the more to confuse the jury 
and bewilder and perplex the court. Tim e will not permit 
citation of numerous instances of record verifying this state­
ment.

The field of the engineer, comprising as it  does questions 
of drainage, dyking, dams, adjustments, etc., affords a most 
prolific source of some most fallacious theorizing, and of some 
rank partisanship. A s samples of the former I recall an instance 
where the question before the court was the feasibility of the 
present system or plan now happily in operation for the drainage 
of our White River V alley in this county. The establishment 
depended, by statute, upon the findings of the court of its feasi­

b ly. The farmers were hopelessly divided. Some w'ere 
actively urging the system  as the only means of reclaiming and 
utilizing that part of the valley subject to overflow; others 
®ere Utterly opposing it as a  menace carrying certain destruc­
tion to the whole valley— the reclaimed as well as the unre- 
c aimed. Engineers were aligned in support of the opposing 

eories. One class contended that the overflow of the valley, 
w ich occurs for a short period yearly  following our chinook 
winds, would result in diverting and shifting the united waters 
0 the White and Green Rivers to the channel of the proposed 

ânal, scouring out and irreparably dam aging the whole of that 
e 'alley. The court, however, adjudged the plan to be feasi­

ble. Several miles of canal, reaching almost the entire length 
of the valley, were dredged. Instead of the channel below 
the junction of the two rivers shifting to the canal, the W hite 
R iver above their junction changed its course entirely from the 
north to the south, and now finds its outlet through the Stuck 
and Puyallup Rivers to the Sound forty miles to the south, 
while only the waters of the Green River now flow north through 
the original channel, of what, before the shifting, was called 
W hite River; and for years abundant crops have been produced 
where for ages before there existed only marshes and duck ponds.

Again I recall where a jury  in m y division of the Superior 
Court was assessing damages for the present regrade of Fifth 
Avenue in this city. As all know, this avenue runs along the 
face of the hill. The owners of property on the cast or uphill 
side of the street were basing claims for damages on the liability 
of the whole hill sliding down as a result of the new and deeper 
cutting. Again engineers were aligned— some on behalf of 
the city  and others on behalf of different property owners. 
Both sides w'ere familiar with the character of the soil and its 
different substrata, and each expert became an earnest advocate 
of his class theory. The jury  put greater credence in the opinions 
of the c ity ’s engineers and awarded damages on the theory 
that there would be no sliding. Less than three years have 
elapsed. The whole face of the hill has been sliding. Costly 
buildings have long since toppled, a mass of ruins, while a large 
area of the hillside is continuously shifting, requiring the constant 
work of teams to keep the regraded streets free from the m oving 
earth, to the enormous damage to the city.

But a field wherein the engineer witness becomes the partisan 
advocate is in cases for the assessment of damages for adjust­
ment of property to regrades, etc. All are familiar with the 
rule allowing damages for buildings wholly taken or partially 
damaged by regrades. Where there is no means for adjusting 
such buildings to the regrade, they, of course, are totally lost, 
and then the amount is easily ascertained; but where the condi­
tions are such that the buildings or plants affected m ay be ad­
justed, the statute allows the estimated cost of m aking a reason­
able and proper adjustm ent w ith reference to the new grade. 
Here is where I have seen the engineer become a real artist. 
There are m any different w ays of adjustm ent; but w'hat the 
law requires is the most feasible and practical adjustm ent, 
all things considered, with reference to the new grade, and for 
the allowance of the reasonable cost thereof. It  has been, 
and is, the practice of some owners to employ engineers to de­
vise plans of adjustment. Many times I have noticed that the 
plans were presented and advocated by the engineer witnesses 
with the greatest earnestness and plausibility, not w ith a  view 
to procuring recoupment for actual loss, but w ith a view to 
putting the property owner in a better position than he was 
before. Instead of being made whole for his actual loss, he was 
to profit off the city.

The Supreme Court of Ohio, concerning this partisan tendency 
of experts, says (12 Ohio 483): "W henever they have enlisted 
on the side of either party or of some favorite theory, the diffi­
culties are greatly multiplied, and however honest or renowned 
for professional character the witness m ay be, such will be the 
conflict of their testimony in nine cases out of ten, that it  will 
be utterly unsafe for a jury or court to follow or adopt the con­
clusions of either side.”

And the Supreme Court of California (40 Cal. 396) declare: 
" I t  must be painfully evident to every practitioner that these 
witnesses are generally but adroit advocates of the theory upon 
which the party calling them relies, rather than impartial e x ­
perts upon whose superior judgment and learning the jury can 
safely rely. Even men of the highest character and integrity 
are apt to be prejudiced in favor of the party b y  whom they are 
employed. And as a m atter of course, no expert is called until 
the party calling him is assured that his opinion w ill be favorable.
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Such evidence should be received with great caution by the jury, 
and never allowed except upon subjects which require unusual 
scientific attainments or peculiar skill.”

A n expert is defined in 27 A , L. Reg. 3, to be: "A  man who is 
paid a retainer to make a sworn argument.”

Elliot, in his “ W ork of the A dvocate,”  says of this definition: 
"B itter as this definition is, it is not entirely inaccurate. E x ­
pert witnesses usually do, w ith swiftness and avidity, seize 
every opportunity offered them to put forth an argument in 
the form of an opinion, and such an argument is the more hurt­
ful because of the guise it wears. As an argument and nothing 
more it would do little mischief, but as an apparent opinion it 
m ay do much.”

“ Some experts do not realize their tendency to partisanship. 
Others are badgered into it by unfair efforts of cross-examiners 
to throw doubt and obscurity upon their direct testimony. 
These efforts are often instigated and directed by the expert 
advocate f r the other side.”

A  prominent attorney writing in the Yale Law Journal a 
couple of years past, said: “ To the jury an expert is an expert—  
a kind of intellectual prostitute ready to sell his opinion and en­
list in the service of the side that pays him ."

From "B est on Evidence”  I quote: "There can be no doubt 
that testimony is daily received in our courts as scientific evi­
dence to which it is almost profanation to apply the term.”  

The Maine Supreme Court (65 Me. 74) characterizes it as the 
"V ain  babblings and oppositions of science falsely so-called 
when the hopes of a party depend rather on m ystification than 
enlightenment.”

The evil is of long standing, and of increasing gravity. The 
subject of a remedy is being discussed b y  various State  Bar 
Associations, and by numerous writers in legal and scientific 
journals, but there is no unanim ity as to any remedy. Six of 
the states have enacted laws on the subject, but there is no 
uniformity, and but little effectiveness in the laws thus far 
adopted. Of the proposed remedies up to date, the two ap­
parently most favored provide: One for the appointment of 
expert jurors as triers of scientific issues, while the other proposes 
the appointment by  the court of all expert witnesses; that their 
compensation shall be paid from the public treasury. Various 
details are prescribed, such as providing for the reimbursing of 
the public treasury by. the litigants, and for preventing the ex­
perts from knowing at whose instance, or expense, they are 
appointed.

The first method is not new. I t  has been tried. It origi­
nated in the old Roman practice (Dig. Lib. X X V . T it. 4) and 
was one of the modes selected by our English ancestry away 
back in early times, before trial by jury was much developed, 
for the trial of issues relating to certain classes of facts, and so 
strictly was the mode adhered to that we find, even in that 
m isty age, one instance at least of a jury  exclusively of matrons 
de ventre inspiciendo. This mode of trying scientific causes 
by  expert juries continued w ith much regularity, as a part of 
the English practice, during the thirteenth, fourteenth and 
fifteenth centuries, and even, but w ith waning regularity,- up 
o the eighteenth century.

Riley’s Memorials contain numerous instances of specially 
qualified juries called to try such issues as: Fishing nets with 
meshes smaller than those required by the trade; improper 
tanning of hides; false tapestry; improper hats and caps; false 
pewter vessels; false gloves; false wine; putrid victuals; mal- 
prac i:e by.surgeons; etc., etc.

However well this mode m ay have worked as a system  ap­
plicable to a large and densely settled population, w ith many 
branches of science either unknown or but little understood, 
it is sure that under the theory of jurisprudence prevailing 
in our American colonies.and later adopted as a  part of the 
government of our states, recognizing the common law jury

as an integral part of our system, w ith our sparse population 
and limited number of scientific exponents of any particular 
branch of science, this method of calling experts as jurors was 
found inapplicable and gave w ay to our present method ot 
allowing the respective parties to call experts as witnesses be­
fore our common law jury. And whether, in this age of advanced 
science, and w ith its numerous scientific experts and our increased 
population, it would be practical a t this time to provide for a jury 
of purely scientific experts on every particular branch of science 
is, in m y opinion, very problematic, but it is certainly very ques­
tionable whether such a  law would not be violently opposed 
as contravening the whole theory of our jurisprudence.

A nd it is seriously questioned whether the other proposed 
remedy of placing the appointment of experts exclusively in 
the pow'er of the courts would not be depriving a litigant of his 
constitutional right to call witnesses and produce evidence 
material to his case. I t  is, however, certain that any legisla­
tion on the subject must meet the approval generally of the bar; 
and it is equally certain that the bar will never approve any 
legislation which will enahle the courts to crcate a privileged 
class of experts. A  practice has latterly grown up for the court, 
a t the instance of one litigant, to appoint one or two disin­
terested medical experts to examine the opposing litigant 
This practice has now given rise to the charge, very extensively 
entertained among the bar, that the experts appointed by 
the court are not impartial, but are endowed with a leaning 
one w ay or the other; and when it is considered that judges are 
not infallible, that every judge generally has his family, or 
some other physician in whom he has greater confidence than 
in some others, and which doctor, notwithstanding, may be 
a charlatan in the profession, or under regular salary from 
some interest, there is some ground for this complaint.

A n attem pt has been made in some states to meet this by 
legislation requiring the judge to make appointments from 
lists selected b y  the parties, but in practice there has been 
found no w ay to compel the parties to agree on selections. 
The truth is, no legislation will afford a  complete remedy. 
Something in addition to legislation is required. The right 
kind of laws can, however, do some good. If I were recommend­
ing any legislation I would propose a more liberal rule or policy 

' for the admission of expert opinions. I  see no objection to the 
judge appointing the experts from lists selected by the parties 
when they agree, but in case of failure to agree, I would not 
deprive a litigant of the right to call, a t his own expense, his 
expert witnesses, but I would lim it the number he should call. 
The party thus limited will be disposed to call only the ablest 
experts. This makes for economy in time and reliability in 
quality. In all cases where a litigant expects to rely upon ex­
pert testimony he should be required to file in the case notice 
of such intention, stating the subject, or scientific inquiry on 
which he proposes to offer expert evidence. Thereupon the 
court should have the authority, a t its discretion, to appoint 
two experts, skilled in the same branch of science, to be pa  ̂
out of the public treasury and to sit in the court room during 
the trial and hear all the evidence bearing upon the subject ot 
expert inquiry', and to be called b y  the court, or by  either party, 
after examination of the parties’ experts, to give their opinions 
and to be subjected to cross-examination b y  both parties. Pr0" 
vision can be made for recoupment.

I would not restrict counsel to the hypothetical question, 
but would allow the expert witnesses for both sides, and the 
court’s experts, sufficient latitude, by  w ay of illustration, ev 
planation or otherwise, to enable the jury to understand an 
comprehend exactly, if possible, the experts' positions, ^hen 
the judge or juror knows the reasons for an expert’s opii’-lor|5 
he will be better able to weigh that opinion, and the courts 
experts will be better able to approve or disprove the same-

Such in brief are some of the benefits we might derive fro®
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legislation, but I  venture the suggestion that no legislation will 
make an unlearned witness competent, or a dishonest one honest, 
or a biased one impartial. Something besides legislation is 
necessary to prevent our present practice putting its premium 
on perjury, or reducing the honest expert to the level of the char­
latan.

The real remedy, the true reform, in the final test, rests with 
and must come from the persons largely responsible— the 
professions themselves, comprising the expert witness and the 
lawyers. So long as it  is profitable to use or to give faked or 
biased expert testimony, so long as it can be bought and sold 
without loss of professional standing, so long will it be a com­
modity hawked in the trial courts.

“ In nearly every city  of im portance,”  writes a  thoughtful 
observer, "there is a doctor notorious among lawyers as ‘plain­
tiff's expert’ who can be relied upon to give plaintiff what he 
wants. The lawyers who use him on a contingent fee retain 
their standing at the bar,”  and I m ight add, 011 the other hand, 
there are in such a city  one or more doctors under stated salary 
for employers of labor, and who are known among lawyers 
and jurors as "defendant’s experts.”

The result is that doctors have largely become known or 
classed as "plaintiff’s experts”  and “ defendant’s experts.”  One 
class magnifies symptoms and injuries, the other minimizes 
and makes them imaginary. T o  quote from one of the aptest 
writers on the subject: "T h e plaintiff’s expert has argued and 
reasoned himself into a frame of mind that sees in the given case 
just what the plaintiff’s attorney needs. On the other hand, 
the defendant’s expert sees a  maligner in every man who asks 
damages. It is the old story of bringing to the market what 
the market demands. If  deformities are the fashion, deformities 
are cultivated. W e are not talking of charlatans. The doctors 
who are doing this are the leaders in their profession, who qualify 
with respectable medical degrees, professorships in leading 
medical colleges, and membership in the principal medical so­
cieties. Now, as long as these men can do this and remain 
leaders in their profession, just so long is any chance a t real 
reform postponed. Just as long as a  leading physician can 
acccpt a general retainer from a street railw ay com pany and' 
appear day after day, in case after case as ‘defendant’s expert’ 
and retain his professional respectability, just so long will you 
have ‘plaintiff’s experts’ and ‘defendant’s experts.’ ”

It is not against a physician that he is under a salary from 
a railroad company, but this relationship makes it unprofes­
sional for him to act, a t the same time, as expert witness. His 
place is beside the counsel and as a medical advocate, not 
witness. The doctors can so frown upon the practice of acting 
as medical counsel and witness as to stamp it out.

W hen the professions "set a  moral standard that demands 
that a member testifying under oath in court must state his 
opinion fairly and fully w ithout bias and w ithout regard to the 
S!t‘c calls him, neither suppressing nor overemphasizing 
an) aspect of the case, then and only then will you have real 
expert testimony.”

^\hen you have that standard established the charlatans 
and fake experts will be driven from the courts, because what 

c> have to offer can not be successfully used.”
Having exposed the shortcomings of other professions, I 

now turn to m y own, and charge the legal profession w ith its 
s are of responsibility. The lawyers hâve done as much as the 
experts t̂o create a demand for "plaintiff’s experts”  and "de- 
611 ant s experts.”  If the lawyer would refuse to buy, the 

expert could not sell. Law yers whom no m otive would induce 
0 suborn an ordinary witness will offer a premium for the biased 

2 ^ -  Attorneys who would scorn to pass counterfeit bills 
not scruple to palm  off fake expert testimony on a jury, 
ere will always be lawyers who will look upon “ lawsuits 

games to be played and won by any means that the rules

allow” and this seems to one of the rules of the game. If the 
honest expert will not give him w hat he demands he vigorously 
searches in the open m arket for w hat he wants.

"If  he cannot get the real article he furnishes up the counter­
feit and passes it off on the jury. If he finds that the genuine 
expert opinion is against him, he m ay, a t least, deliberately 
play the game with the counterfeit to disgust the ju ry  w ith all 
expert testimony and even up things by  leading the jury to dis­
regard it for both sides.”

"A s long as the standards of the profession countenance this 
abuse, so long will it continue. W henever the good lawyers 
will not, the shysters cannot continue to misuse expert testi­
m ony.”

I cannot resist the temptation, at this point, to relate the 
instance of a certain lawyer in a  case in one of the eastern states, 
who after having introduced expert evidence and finding him­
self confronted with outweighing contradictory expert opinions, 
and realizing overwhelming defeat if reliance were to be placed 
upon such evidence, in addressing the jury  said: "Gentlem en 
of the jury: There are three kinds of liars— the common liar, 
the d— d liar, and the scientific expert.”

The legal profession can reform itself. T he ambulance-chas­
ing lawyer is becoming extinct before the frowns of the pro­
fession. The present code of legal ethics came in response to 
the general demand of the profession. The good sense of all 
the professions must adopt standards in the use of expert w it­
nesses which will make such witnesses useful and their evidence 
effective in the interest of truth. If the professions will establish 
the standards, the court will enforce them.

A  scientist in the classroom aims to teach truth, and when 
in the court room, where a  life m ay depend upon his words, 
he should be equally as impartial. H e should advance nothing 
before a jury he would not advance before a learned society or 
before a class.

A n expert witness should be in practice w hat he is in theory 
— an adviser of court and jury. T he judgm ent of a  scientist 
based upon partial facts is as unjust as a judgment of a  court 
similarly based. No lawyer expects a biased judgm ent from 
a court. He has no more right to expect one from an expert. 
The expert who is the sole repository of this scientific knowledge, 
the sole possessor of this peculiar skill, owes it to his position 
as a true scientist to declare the truth as he sees it; just as the 
judge possessing the knowledge of the law, owes it to his position 
to declare the law as he sees it. A  scientific man is not a  con­
cealer of truth, but a searcher after concealed truth, and, unlike 
the habitues whose existence depends upon concealment, he 
should come into court w ith clean hands and a pure heart, w ith 
sincerity of purpose, w ith a  tendency and desire to ascertain 
and recognize truth wherever and whenever it  m ay be found—  
whether in the silent meditations of his library, or after the 
soul-burning and anxious experimentation of his laboratory, 
or whether brought out b y  the disputes, disagreements and dis­
cussions in the court room; to conceal nothing, ever mindful 
of his oath which requires him to speak, not a partial, but the 
whole truth; or, in the language of Dr. W alton: "H is testimony 
should be the colorless light of science brought to bear upon the 
case * * * To the true expert, in that responsible position, 
the utterance of half truths should be simply impossible.”

THE SMOKE NUISANCE; A QUESTION OF CONSERVATION1
B y  R a y m o n d  C .  B e n n e r  a n d  J .  J .  O ’ C o n n o r , J r .

Received M arch 13, 1913 

INTRODUCTION’

Neither for those who live in nor for those who even visit an 
industrial centre which burns a  large quantity of bituminous 
coal, is a definition of the smoke nuisance necessary. Its effects

1 A n  address delivered  a t  a  recen t m eet in;; of th e  C anadian  C onserva- 
t io n  C o m m is s io n .
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are apparent on every side and no man, woman or child escapes 
them. The smoke nuisance is truly a modern plague.

It is only within the last few years that any serious study 
has been given to the various phases of the problem other 
than to the engineering. However, a remarkable changc has 
taken place. There is not a city in the country that has the 
stnoke nuisance in an acute form, that is not aroused to the 
seriousness of the problem and is not attem pting in one w ay or 
another to abate it.

It is rather appropriate that the city  of Pittsburgh which, 
with its sobriquet “ The Sm oky C ity ,”  has long been held up 
as the shining example of the smoke nuisance should be the 
center of an investigation which claims for itself comprehensive­
ness of plan if no other merit. It leaves no phase of the smoke 
problem untouched. The donor of the fund for this investiga­
tion was actuated by the belief that a thorough investigation 
would reveal not only the nature, extent, and precise cause of the 
smoke nuisance, but also the remedies that would make its 
abolition possible and practicable. T o carry out this investiga­
tion, he placed $40,000 with Professor Robert Kennedy Duncan. 
Director of the Department of Industrial Research of the U ni­
versity of Pittsburgh.

In this paper we endeavor to present the various phases 
of the problem as they have come to our notice in our work in 
the smoke investigation.

THE CHEMISTRY OP SOOT

When one considers the very different conditions under which 
coal is burnt, it is obvious that the character of soot must vary. 
All conditions in tlx- furnace greatly affect the amount of carbon 
lost in soot, but the fact stands out that where equal amounts 
of coal are consumed domestic installations are worse offenders 
than boiler furnaces. Loss of efficiency through the escape of 
soot itself is small. This is, however, an indication of a far 
greater loss in the shape of unburaed, invisible gases, which 
loss m ay be as high as 10 per cent.

Soot consists of:
(1) Carbon in a finely divided state. This, as is well known, 

is lamp-black, the basis of most black paints and has a  great 
covering power. It has the power of absorbing the corrosive 
acids which are produced b y  the combustion of coal containing 
sulfur.

(2) Tar. It is common coal tar which makes the soot cling 
tenaciously to everything w ith which it comes in contact. T ar 
contains carbolic acid and a large number of other compounds 
of an injurious nature.
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(3) Acids, 
hydrochloric 

These acids cor

: sulfuric acid: hydrogen stiln.de: 
ai'irf fno-orixer w ith a number of organic acids, 

jrtode and tarnish all tfc.»
They attack many of the
cu; > limestones. Draperies, paper,, paints and other decorative

:ous

materials suffer to no less extent. In  burning the sulfur in the 
coal, the relatively inactive sulfurous acid is for the greater part 
produced, buL this soon becomes oxidized in the air to 1 the far 
more active and corrosive sulfuric acid. These acids are also 
poisonous and detrimental to health.

(4) Ash. This is the least injurious of all the constituents 
of smoke and m ay be, for all practical purposes, considered as 
common dirt.

(5) Ammonia is found in soot only in very small quantities 
and is of less importance than the other corroding agents.

(6) Arsenic. This poisonous substance has been found in 
small quantities (generally less than o. 1 per cent, of the soot).

The amounts of these constituents of black smoke vary be­
tween the widest possible limits, depending upon the composi­
tion of the coal, methods of firing, am ount of air, temperature 
of the furnace, etc. The following analysis of soot taken from 
Cohen and R uston’s ‘‘ Smoke, a Study of Town A ir ”  gives a good 
general idea of w hat one must expect.

I n d u s t r ia l  S oo t— S o o t  fr o m  B o il e r  F u r n a c e  

B oiler chim ney

O rig in a l 13 fe e t 70 fe e t T o p  of 110
co a l B o tto m  fro m  b ase fro m  b ase f t. chimney

C a r b o n . . . . . . . 6 9 . 3 0 1 9 .2 4  1 6 .6 6 2 1 .8 9 27.00
H y d r o g e n . . . . .  4 .8 9 2 .7 1  0 .8 6 1 .4 4 1.08
T a r .................. 1 .6 4 0 .0 9  0 .2 8 0 .8 0 1.14
A s h ................. . .  8 .4 8 7 3 .3 7  7 5 .0 4 6 6 .0 4 61.80

D o m e s t ic  S o o t

D in in g  ro o m  flue

B o t to m  5 f t . T o p  35 ft.
C o n s titu e n ts C oal K itc h e n  flu e  f ro m  g ra te from  grate

C a r b o n .......... ............. 7 6 .SO 5 2 .3 4 3 6 .4 5 37.22
H y d r o g e n . . . .......... .. 4 .9 0 3 .6 8 3 .5 1 3.51
T a r .................. ............. O .SS 1 2 .4 6 3 4 .8 7 40.38
A s h .................. ............. 1 .8 0 1 7 .8 0 5 .0 9 4.94

T h e  P e r c e n t  o f  F r e e  A c id in* So o t

the common metals, 
es and. building materials,, espe-

Sources of sam ple  B ase  o f ch im ney  T op of chimney
B rass fo u n d ry ........................................  0 .0 0  0.65
S tu d y  flue ................................................  0 .5 0  --------------
K itch en  flue ..............................................  0 .0  . •••
B oiler ch im n ey ......................................  1 .62  0 .56
F irep lace................................................... 0 .3 7  0 .00

Dr. Russell found that the rain w ater did not contain acid 
unless it also contained soot. The am ount of free acid in nine 
samples calculated as sulfuric acid was found to be: 1.4 per cent.,
0.5 per cent., 7.2 per cent., 0.0 per cent., 4.9 per cent., o.S pet 
cent., 1.2 per cent., 2.3 per cent., 0.0 per cent.

From  the above analyses it is seen that the amount of tar and
carbon in the soot from domestic fires is much higher than that 
from boiler furnaces, while in the case of ash the reverse is true. 
Domestic soot is thus by  far the more objectionable and is pro­
duced in greater quantities from the sam e amount of coal. 
The amount of acid depends more upon the amount of sulfur 
in the coal than upon any one factor and is given off with the 
products of combustion whether smoke is produced or not. 
When, however, soot is produced, a large percentage of the acid 
is occluded in the soot, where it is more injurious than if allowed 
to escape alone into the air. T h e soot coming in contact with 
metal, stone, decorations, etc., is made to adhere firmly by means 
of its tar content, in reality covering the surface with a c o a t  of 
black paint. T he acid is not readily washed aw ay by the nnfl, 
but continues to act until it is all used up. This acid absorb« 
from the air by  the rain w ater would be more injurious if it did 
not drain o f f  from most surfaces before its action was c o m p l e t e d .

DETERIORATION' OF BUILDINGS AXD BUILDING MATERIALS

A fter considering the various phases of the chemical com 
positioa one can readily understand w hy houses in a sew*) 
atmosphere look grim v and miserable and w hy the use of sfc) 
ughts is in many places made impossible, while in others it «» 
necessary to  so arrange them  that they m ay be readily deaned.
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Otherwise they would soon become unsightly because of the 
accumulation of soot. Again, changes in design to make a 
different arrangement of drain pipes, etc., are, at times, neces­
sary in order to prevent the splashing of rain w ater containing 
soot upon the building.

In a smoky city, too, much more glazed tile and vitrified 
brick are used for the outside of buildings, as it makes the 
cleaning a com paratively simple m atter, washing alone being 
necessary. Building stones, such as limestone, marbles or 
sandstones with calcareous binding material are rapidly dis­
integrated by the acid in the soot and air. Therefore materials 
such as granite, sandstone (with a siliceous binding), brick, etc., 
which are not readily attacked b y  the sulfurous and sulfuric acids 
in the soot, should be utilized. B u t unfortunately, thatstone which 
is most easily affected, disintegrated by the atmospheric acid 
and decolorized by soot, is the one which it is easiest to work 
into the desired shape for building purposes. Granite and 
similar stones which are practically unattacked b y  acid and 
impervious to moisture, and which are readily cleaned, are 
extremely expensive because of the difficulty in working. Thus 
the architect finds himself confronted w ith monetary as well as 
esthetic considerations. Stone m ay be cleaned but to say the 
least, it is but a  temporary expedient and represents a periodical 
tax on the owner. T he logical thing is to m ake cleaning un­
necessary by  water-proofing the stone and doing aw ay w ith the 
smoke. The sulfuric acid acts on the calcium  carbonate (the 
principal constituent of stones most easily corroded by the acid 
in the soot), forming calcium  sulfate (gypsum) which is more 
soluble in water than the calcium carbonate but, a t the same time, 
causes the stone to undergo a  physical change, m aking it  swell 
and become porous and friable and easily disintegrated, also 
roughening polished surfaces, thus m aking them more readily 
attacked by acid and moisture and affected b y  weather. D r. 
Angus Smith has found m ortar to contain as high as 28.33 
per cent, of sulfuric acid, equivalent to 48.16 per cent. CaSO, 
caused by the action of the sulfuric acid in the air on the calcium 
carbonate.

The effect of the sulfuric acid on m ost .metals is rather marked 
and greater than the action of a  like amount of acid in the rain 
water or air. I t  would seem from observations taken in P itts­
burgh, that where soot containing acid is made to adhere to the 
metal by means of its tar content, an electrolytic action is set 
up, making corrosion much more rapid. In  case of iron and 
aluminum, the oxide and basic sulfate are produced, a t least 
m part, from the sulfate, and the acid is used over and over again. 
To experimentally verify these observations, duplicate sets of 
various metals were fastened to two boards. One set was 
protected from the soot in the air by  means of cheese-cloth, 
yet still exposed to the air and rain. T he other set was left 
unprotected. The pieces of metal left unprotected from the soot 
show a greater amount of corrosion than those which were 
protected. I wish, here, to call your attention to the following 
figures obtained by Messrs. W . B. W orthington and A . R attray, 
showing the corrosive effect of the acids in the air. Quoting 
jrom Cohen, "  A  number of rails were placed in suitable positions 

Y the side of the line, and weighed at intervals and the loss in 
"eight recorded. The rails were of the ordinary railway section 
"eighing 86 lbs. per yard. The annual loss of weight from 
corrosion was as follows:”

Loss in  w t. in lbs. 
p e r  yd . p e r aver- No. of years of 

age y e a r  observations
In the center of the  to w n ...................................  1 .04  17

■ jn  dry  p lace in  s m o k y  t u n n e l ..............................  1 .4 8  13
4‘ _n a wet P*ace in sam e tu n n e l...........................  1.71 8
• On the seacoast am ong sand  h ills ....................  0 .1 8  17

Th
e question of exterior and interior decoration is one affected 

much by the amount of smoke in the air as by the tastes 
1 e owners of the buildings.

Interior draperies and paper are soiled much quicker in a 
sm oky city than elsewhere. If light paper is used in paper­
ing the rooms, it must be cleaned every six months and new 
paper put on every year to keep it looking only half as well as 
one would wish.

The acid in the soot attacks draperies, rendering them useless 
in a short time. The extra wear of cleaning shortens the life 
markedly. On interior painting the effect is not as marked 
becausc cleaning is done about every so often anyw ay. But 
the problem of interior decoration and keeping the outside of a 
building clean are problems, indeed, and next to an impossibility 
in some smoky places. The statem ent has been made to us 
by a number of painters that they have done jobs which looked 
really as bad after two or three days as they did before they were 
painted. Soot certainly destroys the esthetic value of paint 
very quickly. The time it takes to accomplish the pollution 
is, of course, dependent upon the amount of soot in the air, 
the color of the paint, tar in the soot, etc. The number of 
paintings necessitated to keep the same building as presentable 
as in a  smoke-free c ity  will naturally vary  greatly. Cases 
can be cited where it is necessary to paint three or four times 
as often as would be required for protection. In the m ajority 
of cases in smoky cities the number of paintings required is 
probably doubled. Sometimes it is necessary to remove the 
soot and tar and to wash the building before applying the next 
coat of paint. This washing also removes the paint, often 
m aking necessary two coats in place of one for a  proper covering. 
A fter the wood has received ten to twelve coats it is customary 
to burn off the paint. This is an additional expense and like­
wise endangers the house with fire. The action of soot on the 
wearing qualities of the paint also depends on m any factors 
involving the chemical composition of the paint and soot. 
The soot m ay be acid, neutral or even slightly alkaline. Places 
are known where the soot is thought by  some to act as a pro­
tective coating, while in others it is corrosive to the painted sur­
face, destroying the gloss and rendering it much more easily 
weathered. The latter is probably true in those cases where 
the coal burned contains a lot of sulfur and the soot is conse­
quently quite acid.

SMOKE AND THE WEATHER

From a preliminary study of available data and a perusal 
of the literature concerning the meteorological branch of our 
work, Dr. H. H. Kim ball arrived a t the conclusions:

(1) That city  fogs are more persistent than country fogs, 
principally because of the increased density due to the smoke 
which accumulates in them.

(2) In consequence of the fog prevalence there are fewer 
hours of sunshine in the city  than in the country.

(3) The sunshine is less intense than in the surrounding 
country, the light of short wave length of blue light suffering the 
greater depletion.

(4) Daylight, which often depends entirely upon diffuse 
daylight from the sky, is depleted by smoke in greater pro­
portion than direct sunlight.

(5) Minimum temperatures are m arkedly higher in cities 
than in the country, in part, of course, because of city  heating, 
but principally because the smoke acts as a blanket to prevent 
the escape of heat a t night.

W e find when using a  chemical method for determining the 
intensity of daylight that on some days there is two or three 
times the light as measured by chemical action, ten miles from 
the center of Pittsburgh as there is in the city  proper.

The amount of soot in the air varies greatly, depending upon 
the direction and strength of the wind, etc. W e have found 
variations between 0.0015 to nearly 0.2000 gram per 1000 cu. 
ft. W e have m any more times the soot in the air on some dark 
days that we have on clear, bright days.

Visibility determinations (the distance one can see) vary
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greatly from day to day. W ith the accumulation of more 
data we hope to trace a relationship between these determina­
tions and the amount of soot in the air.

The soot-fall (the amount of soot which falls on a given 
area in a given period of time) is of interest to us from m any 
viewpoints. A  large number of determinations have been made, 
and although they vary greatly in different parts of the city, 
those made at the same stations remain rem arkably constant. 
The total fall varies between 720 and 2280 tons per square 
mile per year for the cleanest and dirtiest parts of the city, 
respectively. These figures represent the entire dust-fall, 
which is jet-black and is considered here, as elsewhere, to rep­
resent the soot-fall. Analyses are, however, being made for 
tar, organic and inorganic m atter.

HOW VEGETATION IS AFFECTED BY SOOT

Trees, shrubs, etc., are utilized in a city  as adjuncts of beauty, 
rather than a source of income, and as the smoke nuisance, 
as a rule, is prevalent only in cities of some size, its effect is 
not felt on the crops in the country district. Therefore, the 
effect of soot on vegetation would be considered more particu­
larly a question of esthetics. Y e t  it makes felt its injurious 
action, both directly and indirectly. The smoke clouds lim it 
the available daylight in two ways:

The amount of sunlight' as well as diffuse daylight is 
not nearly as great in a smoky city as it norm ally should be.

If the amount of light cut off by  the deposit of tar upon 
glass can be considered in any sense as a measure, the tar de­
posit on the leaf is by  far the most important factor in light 
absorption.

The tarry m atter contained in the soot coats the leaves and 
chokes the stomata. This injury is mechanical. Its destructive 
action does not, unfortunately, stop there. L ike all other 
forms of finely divided carbon, soot has the power of occluding 
other substances. The tar, acids, etc., are all poisonous to plant 
growth and greatly lower the vitality, the acids in particular 
lim iting the activ ity  of the soil organisms, especially those of 
nitrification.

Cohen and Ruston find that the relative assimilations of laurel 
leaves in districts where the air contains different amounts of 
soot, etc., vary from 11.6 to 100. Crops of radishes and lettuce 
grown in different sections of the town show the possibility 
of correlation of the known atmospheric impurities with the 
yield of the crops. Trees autom atically keep record of the 
presence of any inhibiting factor by  the narrowing of their 
annual rings. In one case the cross section of a tree plainly 
showed evidence of the building of a smoke-producing factory 
near a t hand.

W e find that such flowers as roses, carnations, etc., will 
not thrive within the c ity  limits of Pittsburgh, and that for 
this reason many greenhouses have been forced to move 
beyond this deleterious influence. Furthermore, m any of our 
trees are injured if not entirely killed by  the smoke.

SMOKE AND DISEASE

The effect of smoke on health has always been a much mooted 
question. A t  the present time in the city  of Pittsburgh it has 
assumed a very practical form. The city  has appropriated 
considerable money for a tuberculosis hospital and a dispute 
has arisen as to its location. Some contend that it  should be 
placed outside the city  limits, while others hold that more in­
tensive work can be done if it is located in that part of the 
c ity  where the disease is most prevalent. T he advocates of the 
first location, as part of their argument, assert that the sm oky 
atmosphere is detrimental to those suffering from the disease 
or a t least that it retards their recovery. The weight of opinion 
seems to be against this view.

Dr. W illiam Charles W hite, in a paper read before the Fifteenth 
Congress of H ygiene and Demography said: " A s  a result of our

clinical study we have come to the conclusion that the general 
death-rate from tuberculosis in Pittsburgh is low, that there is 
nothing in the smoke content of the air which in any way stimu­
lates the onset of tubercular process or m ilitates against the 
rapidity of recovery from tuberculosis when once this disease 
has been contracted.”

Dr. W hite’s studies along this line, however, led him to de­
clare that from his study of the air content of Pittsburgh and 
of disease that smoke has an im portant bearing on the pneumonia 
death-rate, in fact that it  is nearly proportional to the soot-fall. 
Dr. W hite is in favor of a  popular crusade for the prevention of 
pneumonia like that which has been waged against tuberculosis. 
Of course, in such a campaign serious attention would be given 
to the smoke problem.

Dr. Louis Ascher, of Königsberg, who has made an extensive 
study of the effect of smoke and dust on disease maintains that 
in Germ any a sm oky atmosphere is responsible for the increased 
m ortality from lung diseases other than tuberculosis. He 
holds that not only is this increase taking place, but that persons 
who are the subjects of pulmonary tuberculosis die in smokc-

F ig . I I — F i l t e r  P a p e r  t h r o u g h  W h i c h  t h e  A m o u n t  o f  A ir 
B r e a t h e d  b y  a  M a n  i n  O n e  D a y  H a s  B e e n  F i l t e r e d

laden districts more rapidly than those persons similarly affected, 
but living elsewhere.

Of the fact that carbon makes its w ay into the lungs of 
those who live in a smoky city, there is no doubt. Dr. Oskar 
K lo tz  finds large amounts of it in the lungs of Pittsburghers; 10.6 
grams were found in the lungs of a  street peddler 28 years of age.

According to Lehmann, while the sulfur dioxide c o n t a i n e d  

in the soot is absorbed by the nasal mucous membrane, the 
particles of carbon are carried further into the respirator) 
passages. F inally reaching the lungs, they are deposited there 
having meanwhile in their descent given up to the b r o n c h i a l  

mucous membrane and the lining membrane of the lungs some 
of the acids they retained.

Dr. W . L. Holman finds that soot acts as a  disinfectant, thc 
moist being more active than the dry. (W ater seems to d i s s o l v e  

the disinfecting agents in the soot, m aking them more active.) 
Carbon floating in the air seldom if ever carries bacteria unless 
it  has lodged on the ground and is again blown into the air- 
Soot acts as a very effective blanket, protecting the bacteria 
and giving them a chance to grow.
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Dr. E. W. D ay finds that diseases of the nose and throat are 
not appreciably more prevalent in sm oky cities, but that they 
arc more severe and harder to cure. This is probably due as 
much to the cracking of the mucous membrane by the dry 
atmosphere in the houses and subsequent irritation by dust 
as by the smoke. Singers, 011 visiting Pittsburgh, usually get 
Pittsburgh sore throat, which lasts about seven days, when they 
become acclimated for the time being. Unfortunately though, 
the same thing occurs on each succeeding visit to the city. 

t h e ;  c o s t  o f  s m o k e

We are coming more and more to look a t the smoke problem 
as fundamentally an economic problem. W e have been told 
time and time again that smoke and soot are the products of 
imperfect combustion which means a waste of fuel, and a waste of 
fuel means an unnecessary expense. B u t there is more than this 
to the question; smoke is not only a cause of expense to the maker 
of it, but it is a cause of expense to every man, woman and child 
in the community.

Various estimates of varying degrees of accuracy have 
been made of the financial damage due to smoke and soot. 
In 1905 the Hon. F. A . Rollo Russell estimated the damage 
in London to be $26,000,000. The largest single item 
of this amount was $10,750,000 for extra washing and wear 
and tear of linens. T he Cleveland Chamber of Commerce in 
1909 placed the per capita loss for that c ity  at $12.00 or $6,- 
000,000 for the entire population. Mathew Nelson, Chief 
Smoke Inspector of Cincinnati, asserted that the loss there 
was $100.00 per family. Mr. Paul Bird, in his report as Chief 
Smoke Inspector of Chicago, declared that the loss in Chicago 
was at least $17,600,000 or S8.00 per capita. In a paper read 
before the American Civic. Association, Herbert M. Wilson, 
Chief Engineer of the United States Bureau of Mines, stated 
that a careful government inquiry into the toll paid by  the people 
of the United States showed a total of over $500,000,000 or a 
per capita toll of $17.00 a year for every man, woman and child 
in the larger cities.

These figures startle. It  is the task of those who are engaged 
m economic phase of the smoke investigation to make 
estimates for Pittsburgh as accurate as possible by  inquiring 
into the various items .that go to make up the total. T hey 
are attempting to deal not in sweeping generalizations, but in 
"hat Mr. Wood, in speaking of the work of the Pittsburgh 
Survey, termed, “ Piled-up actualities.”

About 25 per cent, of the cleaning expense of office buildings 
in the city of Pittsburgh is due to smoke. When you realize 
that the cleaning bill of some of our office buildings is $75,000 
per year, you know well w hat a toll is placed on them. To 
cite a single item— it costs a certain building in Pittsburgh 
$320.00 more a month for window cleaning than if the building 
"ere located in New Y o rk  or Philadelphia. The lighting bills 
in office buildings are increased b y  half because of the conditions 
°f the atmosphere in Pittsburgh.

The damage to goods in wholesale, retail and department 
stores runs up into the thousands, amounting to as much as
30,000 a year in the case of one store. W e have found that it 

costs from 33 per cent, to 50 per cent, more to conduct a hospital 
ln ^tsburgh than in other cities. For instance, in the m atter 
0 extra cleaning force, one hospital could save $3,000 a year, 
an an°ther $1,200 if the city  were cleaner. Y o u  have noticed, 

^ouht, the number of buildings in large industrial cities 
g a are washed down or painted once or twice a year. To one 

in Pittsburgh this means an extra expenditure of $700.00 
an ln case of another firm, of $500.00.

Census reports on laundries show that Pittsburgh pays 
m°re most comparable cities and that it costs the laundry- 
®en more to do the work. These figures when compared with 

report of smoky days in various cities seem to indicate that

atmospheric conditions and not custom determines, in a large 
measure, the per capita amount of business done.

The schedules of men who now live in Pittsburgh but who 
come from other cities show that they p ay from one-third to a 
half more in Pittsburgh. T hey wear at least two more shirts 
and two more collars per week which means an extra expense, 
at the lowest, of $16.00 each year. Schedules of women who 
have lived in other cities show that they pay $24.00 each more 
a  year in Pittsburgh than elsewhere. The toll paid to steam 
laundries alone amounts to something like $800,000. The 
extra expense in labor, time and effort in home laundry work is 
much greater than that of steam laundries. As a minimum 
estimate Pittsburgh pays a toll of $1,500,000 in laundry and home 
washing bills.

D ry cleaning is found necessary far more frequently in P itts­
burgh than in other cities because of the atmospheric condi­
tions. Because of this a greater supply of clothing is required 
and clothes wear out sooner. Moreover, Pittsburghers are 
limited in the selection of colors of clothing. Especially is this 
true of woolen goods, furs, hats, trimmings, etc. The average 
annual bill of a man in Pittsburgh who sends his clothes to a  dry 
cleaner is $18.00; a woman’s bill is about $20.00. This is half 
more than the man or woman would pay in a cleaner city. The 
total extra cost of dry cleaning in the city  of Pittsburgh is about 
$750,000.

In Octobcr, 1912, the Philadelphia assessors, in answer to 
the appeal of the property owners in the 24th and 44th wards 
of that city, who declared that recent sales in their vicin ity 
were a t prices far below the assessed valuation because of the 
smoke nuisance, reduced the assessed valuation of each from 
S500 to S2,ooo on some three hundred properties. A  pre­
liminary survey of conditions in Pittsburgh shojved that.the same 
facts were here true. In some sections there has been a  de­
preciation of fully 50 per ccnt. in sale price. Such property 
is near mills or railroads or, as is often the case, near both. 
Houses in such neighborhoods are very difficult to rent and in 
order to rent at all, there must be a reduction in the rental 
price of a t least 20 per cent. Sometimes people rent these 
houses and move as soon as they become acquainted with the 
nuisance.

To all these losses— and there arc m any others— must be 
added the cost of the fuel wasted through imperfect combustion. 
In 1881, when a little less than 3,000,000 tons of coal were 
being used in Pittsburgh, William Metcalf, an eminent engineer 
and mill owner, estimated the cost of the coal that was sent, 
wasted, out of the tops of the stacks a t $1,063,000. A t  the 
present time Pittsburgh bums in the neighborhood of 15,000,000 
tons of coal annually, the cost of which is about $19,000,000. 
It has been estimated, on-the basis of efficiency tests, that there 
is a loss of $4,000,000 annually which could be saved b y  proper 
furnace operation.

FACTORS TO BE CONSIDERED IN  THE ABATEMENT OF SMOKE

As a problem the smoke nuisance presents many and various 
phases. In the method of attack in the different cities there' 
are a  number of factors which must be taken into consideration.

1. The topography of the country is an important factor 
in the mitigation of the evil. A  hilly country, such as we have 
in Pittsburgh, confines the smoke to the valleys, so that it  is 
not readily carried away by the wind as it is in Chicago and 
other cities built on a  flat country.

2. The location of the smoke-producing plants w ith reference 
to the residence district must be taken into consideration. 
In m any places this proves a source of great annoyance, in 
others tends to simplify the problem. In Pittsburgh the mills 
are situated along the Ohio, Allegheny and Monongahela rivers, 
which run through the city, bounding at least three sides of our 
best residence districts. Recalling the topography of the city  
you can see that this does not facilitate abatement.
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the smoke in roundhouses, coke ovens, brick kilns and one or 
two special furnaces.

(3) However perfect a smoke preventing device has been 
installed, it w ill not be of much value for the prevention ot 
smoke unless intelligently operated, i. e., the fireman must be 
educated to do his work in a  proper manner.

(4) The public in general were of the opinion that in order 
to be prosperous the city had to have smoke, i. e., that it meant 
industry and prosperity.

(5) No investigation of the subject as a whole had been made 
b y the coordinated efforts of a group of men.

AVe find that certain types of installation are notorious smokers 
while others are practically free from smoke at all times.

F u rn ace  No. of s tacks  N o. violating the
T ype  observed c ity  ordinance

1 45 26
2 21 3
3 8 0
4 23 15
5 15 0
6 1 0

The human element must not, however, be neglected in this 
connection. I t  is possible for a skilled fireman to operate a 
hand-fired furnace w ith­
out objectionable smoke 
even if it is not con­
structed in the most ap­
proved m a n n e r .  B u t 
given an unskilled or 
careless man in charge, 
the most modern of plants 
m ay become an objection­
able smoker.

To do aw ay with smoke 
and increase efficiency one 
must bear in mind three 
things:

1. The mechanical con­
trivance for burning the 
coal must be suited to 
the purpose.

2. The fireman must be 
trained to do his work in 
a proper manner.

3. Some m e t h o d  of 
furnace control should be employed (C0 2 recorders, pyrom­
eters, etc.) so that the efficiency of the furnace, amount oi 
smoke, etc., m ay be known both to the fireman and super­
intendent.

TH E QUESTION OP LEGAL REGULATION

A s legislation follows rather slowly the agitation for and 
need of certain reform measures and as the question of s m o k e -  

abatem ent in the United States is of com paratively recent date, 
we need not be surprised to find that the passage of o r d i n a n c e s  

on the subject, especially of ordinances that are in any 
effective, has taken place in only the last ten years. This is 
not true, however, of England where the law took cogni­
zance of the smoke nuisance as early as 1273, when the use 0 
coal was prohibited in London as prejudicial to public heal ■ 
There is in existence a statem ent that one John Doe was, m 
1306, tried, condemned and executed for burning coal in the 
city  of London. Since 1273 there have been numberless Proc 
lamations, parliam entary commissions, laws and o r d i n a n c e -  

on the smoke nuisance.
I t  was about thirty years ago that cities of the United Stat® 

began  to pass smoke ordinances. H ow ever, as early as 1 
an ordinance was introduced in the council of C l e v e l a n d  to 
prohibit the use of soft coal in manufacturing plants, and some 
time prior to 1869 P ittsb u rgh  passed an ordinance which con

F i g . I V — H a n d - F i r e d  a n d  S t o k e r - 
F i r e d  S t a c k s

3. The necessity for burning soft coal in private dwellings 
is a great bane, the methods for burning it  w ithout smoke not 
being nearly as well perfected as in case of large installations. 
About 6 per cent of the coal burned in fireplaces and other 
domestic installations escapes through the chimney as soot,

F i g . I l l — A  L o w  S t a c k  a m o n g  I-Ii g h  O f f i c e  B u i l d i n g s

while only about 0.5 per cent of that burned in power plants 
is thus wasted; that is, weight for weight, the coal burned in 
domestic installations is twelve times more a nuisance than that 
burned in a hotter furnace under a boiler. Cities which have at 
their disposal a supply of natural or other cheap gas are greatly 
favored.

4. Cities, such as Philadelphia, which have access to cheap 
hard coal, should have very little need of consideration in con­
nection with our problem. Anthracite coal is a smokeless coal. 
In fact, soft coals vary greatly in the ease with w'hich they are 
burned without smoke. Different types of mechanical stokers 
and other kinds of installations are required in m any cases. 
Each district presents new' engineering problems. An in­
stallation which gives perfect satisfaction with one kind of fuel 
will not of necessity do so w ith another.

5. Smoke abatement is not a difficult task in non-manu­
facturing towns where power plants are the exception rather 
than the rule. In manufacturing towns, on the other hand, 
long-continued campaigns of education are necessary before 
even the enforcement of an ordinance is possible.

A fter a thorough perusal of smoke literature and a general 
survey of the smoke-producing plants in this district, a number 
of facts were firmly imbedded in our minds:

(1) That the production of smoke was in most cases un­
necessary and could be prevented with economy to the power 
plant operator.

(2) No thoroughly practical method is known for abating
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tained the provision "  that 110 bituminous coal or wood should 
be used in the engine or any locomotive employed in conducting 
trains upon any railroad.”  Chicago and Cincinnati were the 
first cities to pass general ordinances on the subject, the first 
ordinance in Chicago being passed in 1881. Pittsburgh did not 
have an ordinance until 1891 and then it was for only a section 
of the city.

At the present time all of the cities having over 200,000 
population, with a few exceptions— and in these cities the 
problem is not acute— have smoke ordinances, as have m any 
of the smaller cities which are far-sighted enough to be on their 
guard, lest this modern industrial plague come upon them in 
its full wrath.

The source of power of governmental authority to abate the 
smoke nuisance is the police power of the state. W e are always 
tempted to think of this as extending only to the protection 
of life and property in its narrow sense and the maintenance 
of public order, but more and more we are coming to know that 
its great sphere is public health and general welfare. This 
police power m ay be delegated b y  the state legislature to munic­
ipal corporations, and this is the power under which munic­
ipalities declare certain acts nuisances. W hile a m unicipality 
may be authorized in general terms to declare w hat shall con­
stitute a nuisance, it  m ay not declare that to be a  nuisance 
which in fact is not. In common law “ dense”  smoke was not a 
nuisance per sc though some courts have held it to be so in a 
populous city.

The Pittsburgh ordinance of 1906 was held void for two 
reasons, one of which was "  that the Legislature of Pennsylvania 
had likely not given the c ity  sufficient authority to pass an 
ordinance upon the subject.”  The c ity  at once sought and 
secured the power. Thus it can be seen that in order to deal 
with the smoke nuisance, cities should seek specific authority 
from the legislature.

When a municipality is thus empowered it is then in position 
to pass an ordinance. It is a difficult m atter to say what the

F i g . V — A  S t e e l  M i l l — O n e  o f  t h e  W o r s t  O f f e n d e r s

essential provisions of a smoke ordinance should be and yet 
from the experience of the different cities we arc able to sclect 
certain features that are necessary if the ordinance is to accom­
plish any notable results.

In our day and generation we are looking to preventative 
rather than remedial legislation for telling achievement. This 
thought leads us to one of the fundamental functions of a smoke 
ordinance: that it should make provision for prevention as far 
as possible of the installation of improperly designed furnace 
equipment. For this purpose the ordinance should provide 
that plans and specifications for all construction work on furnaces 
be submitted to the smoke inspector and approved by him be­
fore the work is started.

This feature leads us to the point that since it is so important 
a provision, the ordinance should state the qualifications of the 
man whose duty it is to pass on these plans and specifications. 
Surely it should provide that he be an engineer, "qualified by 
technical training and experience in the theory and practice 
of the construction and operation of steam boilers and furnaces.”

An ordinance, o i  course, should state the density of smoke 
that is to be permitted and provide a standard of measurement. 
On the first point, care should be taken lest the provision be 
somewhat vague, for this has been the rock upon which m any 
ordinances have been wrecked in courts. In speaking of this 
feature— the fixing of the density— Mr. S. B. Flagg, of the 
United States Bureau of Mines, says: "T h e  requirements 
should represent the best practice, the standard set should not 
be an impossible nor an impracticable one, neither should it  
represent ordinary or poor practice. In some ordinances a  
stack well within the limits as set by  the ordinance m ay be 
responsible for the discharge into the atmosphere of m any tim es 
as much soot as another stack which violates the ordinance.

The mere enactment of a  reasonable, efficient and enforce­
able smoke ordinance is not enough. The ordinance must be 
enforced. A t  this point most of the cities have fallen short. 
Sometimes the wrong methods arc used in the enforcement of the 
ordinance. Most of the time the. methods employed are alto­
gether too lax and feeble to secure even mediocre results. T o  
remedy this situation there is one great weapon— public opinion. 
However, in order to educate, concentrate and focus public 
opinion, a league or union of civic and commercial organizations 
should be formed in each city. Such organizations seem im­
perative in American cities until better results are secured by 
w ay of enforcing smoke ordinances. Eternal vigilance on the 
part of the public is the price of a smokeless atmosphere, but to 
those who enjoy such a blessing the price is not a whit too 
high.

Enough has been said to suggest that the smoke nuisance is 
an economic question and that the people who are most con­
cerned are not those who make the smoke but those who suffer 
because it is made. It  is necessary, therefore, to educate the 
public as to the evils of the nuisance, that an active and in­
telligent public opinion m ay be brought to bear on those who are 
responsible for it. As has been pointed out, even with the smoke 
makers this problem is an economic one. The abolition of the 
smoke nuisance, therefore, unlike m any other social nuisance 
against which outcry has been made, would result in direct and 
immediate gain both to the public-at-large and to those who are 
chiefly responsible for the nuisance itself.

D e p a r t m e n t  o f  I n d u s t r i a l  R e s e a r c h  

U n i v e r s i t y  o f  P i t t s b u r g h

THE CHEMIST AND SCIENTIFIC MANAGEMENT1

B y  H . \V. G i l l e t t

Y our secretary asked me to speak to the section on some 
phase of w hat the chemical engineer gets up against in com­
mercial work The most interesting thing I met in commercial 
work was scientific management. This is a com paratively new 
thing in the industrial world, but I believe it has greater possi­
bilities for our individual and national good than any industrial 

i P a p e r  p resen ted  before th e  Cornell Section  of th e  A m erican  C hem ical 
Society. F eb ru a ry  25, 1913.
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development since the beginning of the introduction of labor- 
saving machinery.

It is a scientific development in which we have for once out­
stripped the Germans. Perhaps it is bccause it is of American 
instead of German origin that chemists, though em inently fitted 
by their training to understand and make use of it, have so far 
been far behind the mechanical engineer in taking it up.

Popular interest in scientific management is, however, growing 
rapidly; the appointment of President T a ft ’s commission on 
economy and efficiency, the comments of the daily press and the 
formation of two national societies for its advancement, testify 
to this. The Saturday Evening Post ran a  series of popular 
articles on it last fall, and at about the same time The Outlook 
dealt quite fully with it in regard to housekeeping. T he De­
partment of Home Economics of the Cornell Agricultural College 
gives lectures on it, as applied to housekeeping. Vassar College 
is applying it in its business office, and you can hardly pick up 
an engineering magazine that does not record its progress. It  
is time for-tlie chemist to get into the game. I am glad to see 
that the February' 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  has a  good editorial on it.

B ut w hy, you ask, should the chemist be interested in manage­
ment of any kind? Perhaps the best answer will be to call to 
your minds the recent recipients of the Perkin Medal,— Aeheson, 
Hall, Frasch and G ayley. Is it not because these men had not 
only scientific ability, but the executive ability' that can take a 
process out of the laboratory' and m ake it work on a  large scale, 
that they' stand forth as the highest type of successful chemists?

W ithout scientific ability  they would have been nowhere, 
b u t it is equally true that without executive ability  they' would 
never have won great fame and wealth. The chemist who gets 
the big rewards is the one who can bring to bear both scientific 
and executive ability, while the one w ith scientific ability  alone 
m ay get his name mentioned in Erdmann or Bernthsen.

Our industries are drawing more and more from the ranks of 
technically' trained men for their superintendents and managers, 
and there are m any cases where the works laboratory is the best 
training school for w hat we may' call the technical type of execu­
tive and that is the coming type.

Let us, then, take for granted the chemists’ interest in execu­
tive problems; in management. W hat is there in scientific 
management for him? T o answer this, let us see w hat conditions 
exist that make a place in industry for w hat we call scientific 
■management.

A  man starts a business on a small scale and to make it  a 
chemical industry, let us say he makes a  new kind of scouring 
soap. A t  first he is his own foreman, inspector, purchasing 
agent, and sales agent. H e sees to the ordering of material 
and keeps track of the stock on hand. He hires all his men 
himself, oversees them, works w ith them and keeps them oc­
cupied w ith work, shows them w hat to do and how best to do it, 
sees to the weighing of the batch, the firing of the kettles, the 
salting out, watches that the cakes are correctly made and 
properly wrapped. He sees that orders are filled prom ptly and 
that quality is maintained. In  short, he has the whole thing in 
his head and is on the job all the time.

L et us say  that he has a good product and it finds a ready sale. 
He enlarges his field of operation, builds ail addition to his 
factory, employs more men, and has to have a  foreman, and a 
shipping clerk. Time goes on and he has all the departments 
of the large, modern factory, then some fine day he finds out that 
the cost of production per cake of soap instead of going down, 
as it should because of targe production, is standing still or 
increasing, while raw materials are going up and selling price, 
through competition, is going down.

He studies the situation, or calls in an efficiency engineer to 
do it for him, and finds that the plant is held up because the 
stock of alkali has run low because the foreman neglected to

notify the purchasing departm ent that it was needed; he finds 
that the new men hired 111 the expansion period have not been 
taught to w ork as well as the old ones he taught himself, that 
the men are not m aking any more cakes w ith new machinery 
than they did w ith that of obsolete design, that packing boxes 
have not been provided and orders for which customers arc calling 
cannot be shipped. Probably' he finds that only one man knows 
how to salt out the soap, and he’s "o ff 011 a tear,”  so things are 
hung up again.

In short, the business has grow'n too large for one man to con­
trol all the details, and his organization cannot cope with the 
situation as he himself used to handle it when the shop was small. 
When an emergency arose, he had said to the superintendent: 
‘ ‘You  must get Smith and Jones’ order for 50,000 cakes of 
Bonolio out this w eek.”  The superintendent passed the word 
to the foreman, the foreman told the kettle man and he put it 
up to his helper. Instead of planning and directing the work in 
detail, the older or "m ilitary”  type of management tends to put 
the responsibility on the workmen themselves, the part of the 
organization least fitted to handle it.

To cope w ith such a  situation, w'hether in m aking soap, laying 
brick, running a machine shop, making ladies’ suits, or any 
industry whatsoever, there are certain principles and methods, 
which we call "scientific management.”

It is the aim  of scientific m anagement to provide means for 
running the plant w ith the same thoroughness, planning and 
attention to details that the old boss used in the small shop.

L et me give you a few' definitions of Scientific Management.1 
"T h e art of management has been defined ‘as knowing exactly 

what you  w ant men to do and then seeing that they do it in 
the best and cheapest w ay;’ also, ‘ the principal object of manage­
m ent should be to secure the m axim um  prosperity for the em­
ployer coupled w ith the m axim um prosperity of each employee.” 

Mr. K . H. H athaw ay says:
“ For its objects Scientific Management has the saving of 

energy', materials, and time, or in other words, the elimination 
of waste, and the increase of the world’s wealth resulting from 
greater productivity of men and machinery'. These it aims to 
achieve, in each industry to which it is applied, through bringing 
to bear upon each problem the analytical methods of investiga­
tion employed in the sciences; developing a science with well 
defined and codified laws, in place of uncertain tradition and 
rule-of-thumb opinion. This is a broad statem ent of the first 
principle of Scientific M anagement.”

Theodore Roosevelt says:
"Scientific Management is t h e  application of t h e  conserva tion

principle to production the time, health and vitality of our
people are as well w orth conserving, a t least, as our forests, 
minerals, and lands. And Scientific Management seems to do 
even more for the workman than for raw materials. It studies 
him at his task. Of the motions he makes and the efforts he 
puts forth, it determines b y  patient observation, which are the 
ones that get the result. It  experiments to see whether these 
cannot be further shortened, or made easier for him.

“ When the right w ay has been worked out in every detail, 
Scientific Management sets it up as a  standard for that job, 
then instructs or trains the workman until he can accomplish 
this standard, and so on, w ith all other workmen and all other 
jobs. The individual is first made efficient, his productive 
capacity is raised 25 per cent or 50 per cent, sometimes doubled. 
From these efficient units is built up an efficiency organization. 
And when we get efficiency in all our industries and commercial 
ventures, national efficiency' will be a  fact.”

Mr. Brandeis says: “ In Scientific Management nothing is left 
to chance. A ll is carefully planned in advance. Every' operation 
is to be performed according to a predetermined schedule under 
definite instructions, and the execution under the p la n  is super- 

1 G ilb re th , "P r im e r  of Scientific  M anagem en t.”  p p . 1-3
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vised at every point. Errors are prevented instead of being 
corrected. The terrible waste of delays and accidcnts is avoided. 
Calculation is substituted for guess; demonstration for opinion.”

I quote also from the editorial in the February number of 
This J o u r n a l .

"Modern industry was brought about by the change from 
handicraft to manufacture, and early British economists held 
that the application of the principle of division of labor was the 
basis of manufacture.

"It appears, however, that another principle is the basic one 
in the rise of industry. It  is the transference o f skill. The 
transference of skill from the inventor or designer to the power- 
driven mechanism brought about the industrial revolution from
handicraft to m anufacture................ E xcept in rare instances, 110
effort was made to transfer the skill of the management to the 
production department and to the employees, or to undertake 
the division of executive thought. V ery little consideration 
was given to the workmen as a  producing unit............................

“ Another tendency has as its object the improvement of the 
personal relations between the employees themselves and be­
tween the employee and the employer. I t  is the effort to es­
tablish the best of factory working conditions, to develop and 
maintain a shop atmosphere free from all harassing and hinder­
ing influences. It is an attem pt to m ake use of the results of 
experimental psychology in improving working conditions.

“ But the most important change and one that comprehends 
the others, is in the m ental áttitude toward the problems of 
production. The tendency is toward an attitude of questioning, 
oí research, of careful investigation of everything affecting the 
problems in hand, of seeking for exact knowledge and then shap­
ing action on the discovered facts. It  has developed the use of 
tune study and motion study as instruments for investigation 
and the planning department as an agency to put into practice 
the conclusions drawn from the results of research, and methods
of wage payment which stim ulate cooperation..................The
skill of the management is consciously transferred to all of the 
operations of the factory— the prominent element in present-day 
industrial management is through the mental attitude that con­
sciously applies the transference o f skill to all the activities of 
ind\istry.

“  Here emphasis is placed upon the word all, for the restricted 
application of this principle to machines and tools has been 
highly developed for a  long period.”

I have gone thus briefly into the situation that creates a need 
for scientific management, and into its definition, to try to indi­
cate to those of you who are not y e t familiar w ith industrial 
plants, the reason for its importance at the present day.

Now let us briefly consider the mechanism of scientific manage­
ment, labor-saving devices, or, we m ight call it, Quantitative 
Management.

It includes:

(I) Standardized conditions and methods ^ „ . .... „ ,
(2' s tan d ard !,ed  operations I Scientifically  plannm g
(J) Planning J your ' vork-
(4> Instruction .
>5} Inspection I Scientifically  w orking

(6) Efficiency reward j  y0ur p ,an '

First of all we must have standardized conditions, that is, find 
out 'he best way to do a thing. This involves studying tliQ pas- 
'age of material through the shop and routing its passage so that 
11 goes in a straight line from one operation to another without 
doubling on its path. It involves balancing the equipment, the 
°°r 5Pace and the number of workers, so that every man and 

every machine is busy all the time without being held up by the 
-Jure of some previous man or machine to do its part.

This brings up the very im portant point of dependent sequence.
. ^ ĥe big generator that supplies current for our clectric 
i-mace work here. The 2200 volt induction motor has an eJTi-

ciency of 90 per cent. The generator run by this has an effi­
ciency of 85 per cent. The efficiency of the set is then 90 X S5 
or 76.5 per cent. The same principle applies in manufacture. 
If the efficiency of each of five operations is 90 per cent, the 
over-all efficiency is only 59 per cent. So we see the importance 
of getting each detail right.

Standardized conditions m ay involve such factors as the use of 
high-speed steel and the consequent higher speed of feed and 
greater depth of cut that arerevolutionizingm achineshop practice. 
It  is interesting to note that the discovery of high-speed steel by 
Taylor and W hite was a chemical by-product of Dr. T aylo r’s 
research work on standardizing machine shop conditions, when 
he was first working out scientific management. Factory 
machinery, dictaphones, adding machines, and improved labor- 
saving and "system ”  devices, shop forms and operation sym bols1 
are often shown to be worth while, but these improvements are 
not the vital part of scientific management. Those who con­
sider that improved machinery is a synonym  for scientific m an­
agement mistake the part for the whole. A s was pointed out in 
the editorial already referred to, m achinery has been highly 
developed for a long time. In fact most plants are overmachined 
rather than undermachined, and the aim of the organizer, or 
efficiency engineer, is first to secure the best use of the present 
equipment, keeping down the investment in new machinery' to 
a minimum, and confining it to cases where the outlay is really 
imperative. Too m any managers have installed expensive 
autom atic machinery in order to halve the production cost per 
piece, only to find that in a couple of hours per week it would 
provide all the pieces used in the whole week, and that in interest 
and overhead charges it was eating its head off, costing in the 
long run more than the old way. The balance of the factory 
had not been taken into consideration. Such an investment is 
not scientifically planned.

In the standardization of raw' materials, buying on specifica­
tions, and the standardization of the product, the chemist and 
metallurgist are called in. As an example, in one paper mill 
where one chemist was formerly employed, they found it neces­
sary to hire seven as soon as scientific management was started.

A s an example of standardization, consider the blueprints 
used in a scientifically run shop. E very  dimension shows the 
"tolerance,”  or limits between which the piece will serve. Where 
the length of a shaft can vary  */2 inch cither w ay, the worker 
does not spend time tryin g.to  get it down to '/ 100 of an inch. 
Where it  must be within y iooo in diameter he knows it  and does 
not measure it with rough calipers and get it off y i00 of an inch 
or more, thus spoiling it.

Standardization also comes in in scientific hiring— fitting the 
man to the job. Failure on the part of a worker to attain high 
efficiency, if the man makes an honest effort, is looked upon, 
not as incompetence, but as due to bad placing or to bad instruc­
tion, both of which are functions of the management, not of the 
man.

Standardizing methods involves recording them. For in­
stance, instead of the old workman who could harden steel be­
cause long practice had trained his eye to tell temperature 
roughly, and whose death, disability or absence threw the tool­
room into chaos, we have a little  slip attached to each lot of tool 
steel, giving the temperature and length of time required to 
harden that lot; thus, with the aid of a pyrometer an unskilled 
man can do even better work than the old skilled workman. 
After a  difficult job in the foundry has had the proper pouring 
temperature and proper gating worked out, and the job finished, 
a card filed w ith the pattern tells just how best results were 
obtained. Then six months after, when the pattern again goes 
in the sand, instead of relying on the overtaxed memory of a

1 P a rk h u rs t, "A pplied  Meth<ids o f Scientific M anagem ent.”  p . 70. 
" 'D ie  Sciencc of M anagem ent in P rac tic e ,"  Industria l Engineering, M ar., 
1912, p. 187; A pril, 1912, p . 272; M ay, 1912, p . 305.
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foreman, or failing that, working the whole problem out again 
we can start where we left off. This is a part of w'hat is m eant by  
“ transference of skill.”

A fter our conditions arc made right, we can go on to the next 
step, standardizing operations. Under this system all the head- 
work is done by the management, the wrorkers follow instructions. 
Before we can issue instructions, we must be sure that we know 
what to do and the best w ay to do it.

The first thing in deciding w hat a man is to do is to know to 
whom that man is responsible; organization charts are hung in 
■conspicuous places throughout the shop to show graphically 
the relation of each man to the whole organization. A n organiza­
tion record, accessible to all, gives the duties of each man down 
to the rank and file of workers, who know' to w hat gang bosses 
and foreman they are responsible.

The instructions vary in their nature, from rather general 
ones in cases where the nature of the w ork involves initiative, 
through fairly detailed ones to workers such as shipping clerks 
and janitors whose work is of the same general daily nature but 
not absolutely repetition work, down to the detailed instruction 
sheets issued for the guidance of the w'orkers on repetition w'ork 
in the factory itself. I have here for your inspection samples 
of all three kinds (see p. 6oo), the first being the instructions 
I worked under at a foundry using scientific management, 
taken from the organization record, the second taken from an 
instruction sheet for a machine operation, and the third a part 
of the janitor’s instructions in another plant.

The second shows the exact time for each detail orsub-operation 
in a whole job, divided into those that have to be done only 
once for the whole lot (such as studying the blueprint) and 
those for each piece.

I have chosen a short one here, but often a seemingly simple 
job m ay involve hundreds of sub-operations. The w ay the 
expert in scientific management divides labor into its elements 
and studies the interrelation of each variable constantly reminds 
me of the classical work of Harcourt and Essen on the reaction 
of permanganate and oxalic acid. It  seems to me that the 
mechanism of scientific management is very analogous to 
quantitative analysis and to the methods of physical chemistry, 
and that the chemist should therefore grasp the principles of this 
new science even more rapidly than the mechanical engineer.

The janitor’s instructions show a rest periodjm cluded as a 
part of regular work. This is from Parkhurst’s book on “ A p ­
plied Methods of Scientific Management”  (p. 301). W hen 
this came out skeptics jeered a t the idea of instructions for a 
janitor. A s a m atter of fact, standardizing this work saves 
20 cents per hour each day the shop runs.

The time study by which these standard times, on which these 
instructions are based, are obtained, is the mainspring of the whole 
mechanism of scientific management. A  man skilled at his 
work and willing to cooperate with the management is chosen, 
and taught how to do the particular piece of work we are study­
ing. One is chosen who is suited to the job, and he is timed, 
w ith his consent, wrhcn working at his best average gait, not on 
a  spurt. He is paid extra for “ working under the w atch.”  
Concealed stop-watch work is rarely or never justified. T act 
must be used in choosing the man and explaining to him the 
object of the work, when time study is first started. A fter time 
study and bonus pay bccome well started in the shop, there is 
tio trouble, the men often asking that jobs not y e t put on bonus 
be studied by the watch and put on bonus pay, so that they can 
share in the benefit they see coming to their fcllow'-workers 
who are already on standardized, bonus jobs.

Each sub-operation is noted and timed. For- instance, in 
filtering a dozen samples of iron ore from silica, after getting 
standard conditions, such as weight of sample, volume of acid 
used, temperature of wash water, standard angle of funnel, 
standard length of stem, standard filter paper, etc.; folding the

filter, picking up the funnel, placing the filter into the funnel, 
wetting filter from wash bottle, filling funnel w ith solution, each 
operation of washing, etc., etc., would be timed. In this ease 
one w'ould take just enough samples so that the solution in the 
first filter had run through by the time the solution had been 
poured into the last, and would use a wash bottle of such size 
that washing this number of samples could be finished without 
having to refill the wash bottle. Many of these sub-opcraiions 
are standard. Folding the filter for filtering a  gelatinous pre­
cipitate w'ould take the same time as for the silica, though other 
sub-operations would take different times. A fter making time 
studies on a lot of filtrations of various materials, one could 
analyze the filtration of a new one into its elements. Most o( 
these would already be standard, and a short study would give 
the other sub-operations so that we could readily get out stand­
ard time.

The time-study man is really m aking a  labor assay, as it is 
often called, and one noted authority says that a  chemist makes 
the best time-study man.

Tim e studies are usually made to hundredths of a minute 
with a  decimal stop w atch and recorded on a standard form. 
Often a seemingly simple operation will contain hundreds of 
sub-operations, and duplicate observations are made on different 
men. T w enty observations of each element on five different 
men, or a hundred observations in all on cach sub-operation is 
the usual minimum. A s the time study progresses, it is easy to 
see w'here false motions are being made, and methods of elimi­
nating them are devised. When the false notions and the waits 
are cut out, w e find that, in general, an operation can easily be 
done in about one-third the time the man does it when left to 
himself or m erely hounded on by the foreman. This is true in 
alm ost any industry or operation you wish to name. It has been 
found that l/ioo of a m inute is not close enough for some time 
studies, so that very recently a scheme for getting it down to 
V 30 of a second has been devised. A  dial a foot and a half in 
diameter w ith a  hand m aking a revolution every 6 seconds, 
electrically driven, and graduated in its circumference to cor­
respond w ith fifteenths of a second is set up beside the workman 
and motion pictures taken of the operation and of the dial. 
These can then be run slowly on the screen, and studied at 
leisure. Finally the films involving w aste motions may be cut 
out, and the revised film used as a method of instruction to new 
workmen.

W hen this point is reached in the discussion of scientific 
management, the question is always asked “ Doesn’t time and 
motion study m ake the workm an into a mere automaton, and 
destroy his initiative?” The most convincing answer to this is 
to take the questioner through a plant w'orking under these prin­
ciples and let him talk to the men on the subject. We have not 
time to go into this now, but I refer you to pages 49"5® °* 
G ilbreth’s “ Prim er.”  One point should, however, be b r o u g h t

up: . I(
“ The employee is provided the incentive of promotion.

his work could not be quickly turned over to another without 
fear of demoralizing or a t least crippling temporarily the organi­
zation, he m ight be denied such an opportunity of promotion. 
There are m any men to-day experiencing just this injustice 
because they have become necessary parts of a business machine 
which cannot be disabled even for the short time required to 
replace a perfectly good part by  one which may need some 
adjustm ent.” 1

Gilbrcth is m aking a  life-work of time and motion s t u d y . 

He is now working on hospital practice. The results of I115 
investigations enable him to declare, among other things, that 
scientific management applied within the time-limit of actu 
surgical operations will cut down the ether-minutes of a patient

1 P a rk h u rs t, “ T he Science of M anagem ent in  P ractice ,” ^  
M ar., 1912, p. 1S9.
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trom ten to thirty per cent. W hat this means in terms of lives 
is apparent. And even in other lines ‘ ‘ to save time is to lengthen 
life.”

Time study can be applied to anything. For example, one of 
our colleges has tried to get Mr. Gilbrcth to apply it to their 
football formations, so that they can get by  actual measurement 
the most expeditious and satisfactory method of passing the ball.1

When the time study is complete, the time needed for each 
operation and sub-operation is noted opposite them on an in­
struction sheet which goes to the workman as a  guide. A bout 
90 per cent of this maxim um speed forms the standard time, or 
as it is often called, ‘ ‘ the task.”  The 10 per cent deduction, 
more or less, is made in order not to drive the man too hard, but 
to allow proper rest periods to prevent fatigue. In m any cases, 
the instructions show when, and for how long, rest periods shall 
be taken. Psychology is drawn upon heavily for data on the 
science of fatigue, for use in this connection. T he influence 
of temperature, hum idity, lighting, ventilation and general 
sanitation on the efficiency of the worker is studied, with the 
invariable result that the worker gets belter conditions and in 
turn makes more money for his employer through added effi­
ciency.

Now we have standardized both conditions and operations 
and are ready to consider planning.

Under scientific management all production orders pass 
through the planning department, from which the order-of-work 
clerk allots the work to each machine, or man. The relative 
importance of different pieces of work is decided upon, the work 
of the different departments is kept in proper balance, and the 
records of the work in hand and the schedule of the work ahead 
shows whether men are to be hired or laid off, whether the sales 
force is to be notified that the factory is working up to capacity 
and cannot work on new orders till a certain time, or whether it 
is not up to capacity in a certain line, and that orders for that 
product should be gunned for.

A planning board is provided w ith two pockcts for each work 
bench or machine, in one of which are next-work order cards 
indicating the work ahead of that bench or machine, in proper 
order. In each department of the shop is a  duplicate of that 
particular section of the board, which controls that department. 
Duplicate job order cards are in this in order, and as fast as the 
jobs are completed, these cards are placed in the other pocket 
from which they are taken b y  the “ m ove m aterial”  boss, who 
finds on them his instructions as to where the material on which 
one operation is finished, is to go for the next. W hen he has 
moved it, the card is placed in the other pocket, and is taken 
hack to the planning room b y  the factory mail boy who makes' 
his rounds every fifteen minutes. Hence the planning depart­
ment knows within 15 to 30 minutes the exact state of every 
piece of work in the shop.

It is up to the planning departm ent to see that orders are 
issued to the stock room for the proper materials for these jobs 
and that everything is in readiness for the job to start at the 
scheduled time. I t  issues the proper drawings, instruction sheets 
and bonus sheets w ith these next-work orders.

When there is no work for a bench, or a  machine, a red card 
15 put in that pocket, and the red areas show vividly  where 
there is overhead expense and no production, and act as a  guide 
to the sales force.

The planning department would be called "non-productive 
a or by many old school managers, but it is merely doing in 

a large plant the sort of head-work that was done in our one- 
nian-controlled soap factory. Under scientific management, 
instead of only one foreman trying to oversee 50 or 100 men, 
" e *lave numerous “ gang bosses,”  each overseeing a half dozen 
or a dozen men working together on the same sort of work.

p ^  *soclc» “Efficiency and the Highbrow," A m erican Afaç., M ar., 1913,

He gives instructions showing how to cut out waste motion and 
how to keep up to the standard time. The men arc not given 
standard instructions and then thrown on their own resources, 
but are constantly shown how to work. The gang bosses are 
paid a bonus based 011 the bonus earned by the men under them, 
and a still larger bonus if each man under them earns his bonus, 
so that they do not neglect any man through personal dislike. 
The men do not “ grow into”  the business, Topsy-fashion, in a 
hit-or-miss way.

Under scientific management, instead of making an error in 
the first operation on a piece and not finding it  till the whole 
thing is finished, when all the work is wasted, we have inspection 
at every point, so the same mistake is not made on a second piece 
or second lot. Under inspection, also, we shall class cost and 
production records, for they constitute an inspection of the 
management. Proper records under scientific management 
have been defined as "immediate and adequate," or still better, 
they are to work like an “ instrument of precision,”  accurately 
and without lag, i. e., they must reflect wrong conditions and 
deviations from the standard before it is too late to remedy them. 
Records again, while essential, are not Scientific Management, 
but merely a part of a larger whole. Emphasis should be laid 
on this, as there are too m any half-baked accountants, who, 
seeing the interest in scientific management, advertise them­
selves as “ efficiency engineers,”  delude the board of directors 
into hiring them, put in a  cumbersome system  of forms and 
records, collect their fee, and leave the plant in worse chaos 
than before. T he accountant, while useful, bears about the 
same relation to the real organizing engineer as the mere analyst 
does to the chemist.

Now the efficiency reward. If no incentive be given for the 
workers to go at the pace the time study has shown is proper, 
and we merely try to drive the men, all the w ork of standardizing 
conditions and operations is wasted. This is not the time nor 
place to discuss methods of pay in general, nor of different schemes 
for rewarding the man for doing the task as instructed and in 
the proper time. Suffice it to say that the best scheme is the 
differential bonus,1 by  which the man receives his flat day rate 
no m atter what happens, as long as he is considered good enough 
to keep on the "working force, and in addition, a small bonus 
when he begins to approximate a fair d ay ’s work, the bonus 
increasing steadily with increaseed output till, when he reaches 
the output fixed as the standard task or full d ay ’s work, he gets 
a bonus of from 25 per cent to 100 per cent of his day rate, the 
percentage being greatest with the work that is physically hard­
est, such as working over hot furnaces, for there the incentive 
has to be greater.

Straight piece work rates have no place in the scheme of 
Scientific Management.* The bonus is always paid in a separate 
envelope from the day rate to emphasize the fact that the added 
wage is paid, not for time spent, but for doing things right and as 
directed.

Now for some of the results obtained b y  scientific management. 
I am going to cite cases merely from the plants I have myself 
seen, using the new management. I visited one plant in which 
I picked out a t random from their perpetual inventory, cards 
showing the cost of production of stock parts for some three 
years of old line management and some five of scientific manage­
ment. They showed in no case less than 50 per cent reduction 
in cost, and in some 400 per cent.

The foundry with which I was recently connected had some 
dozen plants. One plant, the most modern of the lot, had 
always been a t the bottom of the list on cost of production, 
though several men well skilled in the trade had unsuccessfully 
tried to improve its operation. An expert in scientific m anage­
ment who was not an expert in this particular trade, took hold

1 P ark h u rst, “ A pplied M ethods of Scientific M anagem en t,"  pp . 166-180.
2 See G an tt, “ W ork, W ages and  P ro fits .”
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of it, and in six months that plant was at the head of the list 
instead of at the foot, and the costs were less than 2/3 what they 
had previously been. And this with no other change than the 
use of the principles of scientific management. And at that, 
they have hardly gotten started on it. A  few weeks ago I saw 
their “ lost ground" chart, on which the jobs that did not show 
improvement over past conditions, either in cost of production 
or rate of production, were marked in red. Out of some fifty 
jobs on which they have time studies and installed bonus pay, 
as I said, they are hardly started, one cost and one rate were in 
red, and there were special reasons which fully explained these. 
The rest showed improvement of 25 per cent to 400 per cent.

Still later reports from this plant show that 115 operations 
are now on bonus, which show an average increase in production 
over that under former methods of 122 per cent, an average 
cost reduction of 31 per cent, an average decrease in defective 
castings from all causes of 40 per cent and an average wage 
increase, in bonus, of 26.3 per cent.

T ake some specific instances:
A  pile of waste sand had to be taken aw ay to allow excavating 

for a new building. The best bid any contractor would make 
for the work was $450.00. A  little time-study and the establish­
ment of proper methods and bonus p ay allowed the plant to do 
it for $162.00.

T ake the job on which this bonus chart was issued:

B o n u s  C h a r t  3 2  
1 0 / 1 7 / 1 2

D ifferential B onus for m olding gang on F o u r C ylinder C rank  Case No.
 . T he following prices will be p a id  as bonus in add ition  to  hourly
wages for tim e consum ed on the  job  based  on  good castings. Losses n o t 
due to  th e  m olding gang will n o t be deducted . T hese prices will n o t be 
low ered no m a tte r  how  long th e  job  m ay  ru n  from  th is  p a tte rn  and  equ ip ­
m ent.

Cope and  d rag  ram m ed  in floor; 1 m o lder; 3 he lpers

Good B onus B onus B onus
castings per casting each m older each  helper

25 $0 .020 $ 0 .5 0 $0 .3 8
26 0.023 0 .6 0 0 .4 5
27 0 .026 0 .7 0 0 .5 2
28 0 .029 0 .81 0.61
29 0.032 0 .93 0 .7 0
30 0.035 1.05 0 .7 9
31 0.03S 1.18 0 .8 9
32 0.041 1.31 0 .9 8
33 0.044 1.45 1 .09
34 0.047 1.60 1.20
35 0 .0 5 0 1.75 1.31

The .............. Company

This is a bonus chart for the molding of the crank case that 
goes in a well-known automobile. Note particularly the state­
ment in black and white that these prices will not be cut.

Under old methods the average number of good castings per 
day was 18.2, the labor cost per piece was 59 cents. The molder 
got $3.25 and each helper $2.50, making the labor cost per 
piece 59 cents. Under instruction and bonus the average is 
33-3 castings per day. The molder gets $4.75 and each helper 
S3.63, the labor cost per piece being 47 cents, or a 20 per cent 
decrease in labor cost, a 45 per cent increase in wages and 83 
per cent increase in production.

The firm not only makes a bigger profit, but makes it on many 
more pieces, so that the cost of the time study, the inspection 
and the planning is repaid many fold. A s to the workman, well, 
you re not going to have much labor trouble with your men get­
ting 45 per cent more than the regular day »-ate for their class 
of labor. A s to the consumer, he Ls getting castings nearly 
twice as fast as he was before (and he wants all he can get) w ithout 
supplying more than one pattern, and that pattern cost about 
S600, where under thé old conditions he would have fiad to supply 
two to get the castings he wants.

Take a case in coremaking at this foundry. This job had been

run under day work from 75 to 85 cores a day, and in the judg­
m ent of the foreman 90 cores could be made in nine hours. 
A  time study on this job was made, and the result was that the 
job figured 0.83 minute per core and m aking an allowance o( 
about 10 per cent, the maxim um bonus production was figured 
on a basis of 0.9 minute per core. This means a production of 
600 cores per day for one man a t the bench. Bonus was started 
at 70 per cent of this production (420) and the chart above 
referred to was issued on this basis. I t  is a pretty radical propo­
sition to take a  75 to 90 a day job, based on the best judgment 
of the man in charge of that departm ent and attem pt to jump 
it to 420 before the men earn any extra remuneration. Theman 
who had been working on this job refused to work under bonus 
and walked out. A  strange man was put on the job and for 
the first d a y ’s work made 460 cores and the second day 537, 
and since that time has continually averaged very close to the 
600 mark. This example is recorded here as a good illustration 
of the apparent radicalism of some of the results under new 
methods.

Here is still another example:
M e m o  o f  a  M o l d i n g  J o b  u n d e r  D i f f e r e n t i a l  B o n u s  

A lum inum  c ra n k  case w eighing 79 pounds 
4 d up lica te  se ts  of equ ipm en t— 38 d a y s ’ run

Mold­
ing

cost
Av. good M old- D aily per

P a t. No. p e r 9 h r. ers day W age ' good
No. day s  day good wage bonus case

1 3 7 .7 2  27 .55 2 8 .6 $23 .27 $ 9.121 1.175
2 (a) 36 .31  31 .4 0 3 2 .2 25 .6 4 12.926 1.228
3 3 7 .6 4  2 7 .7 0 29 .1 2 3 .0 6 9.607 1.180
5 3 6 .7 7  26 .75 2 8 .3 2 4 .0 6 8.832 1.230

A verages of fou r p a tte rn s ..  . 2 8 .3 5  29 .55  $24 .005  $10.121 1.203
(a) G ang on  p a tte rn  No. 2 w as a  picked gang  considered the fastest 

an d  b e st w orkers in th e  shop ; th e y  alw ays w orked to g e th e r a n d  received'
e x tra  h igh w ages, owing to  th e ir  efficiency.
N o t e :

Old average good p roduc tion  u n d er com bina tion  of day
and  p rem iu m ..................................................... .•.........................  15.15 cases

O ld average good production  cost u n d e r com bination  of
d ay  and  p rem iu m ........................................................................  $1.196 per case

B onus average p roduction  increase ..........................................  8 7 .2  percent
Bonus average cost increase ................ ....................................... $0 .007 per case

Old foundry  defective from  all causes w hen n e ttin g  15.15 good cases 
pe r d ay  w as 25 p e r  cen t.

F o u n d ry  defective from  all causes u n d e r in tense  bonus production when 
n e ttin g  28.35 cases p e r  day  w as 9.72 p e r  cent.

F o u n d ry  defective  loss u n d er in te r  e bonus p roduction  and Scientific 
M anagem ent m e thods w as reduced  60.7 per cent.

A verage bonus equals 42.2 p e r  c rn t  over regu la r d ay  wages.

This shows an increased molding cost of nine one-hundred tbs of 
a cent a pound, but the cost of the material and labor used in 
melting and handling the metal and in m aking the cores lost in 
the greater number of defective castings obtained before, throws 
the cost balance far on the side of the new methods, even dis­
regarding for the moment the increased profits and decreased 
overhead due to the large increase in production.

In another plant that I have visited, they were machining 
10 pieces of a certain sort per day. Large demand for that 
product made it necessary to get some work done outside. The 
best they could get an outside firm to do was 2 per day, so 
the firm sent its own men and applied its own methods to the 
outside shop, and got 8 per day in a strange shop on an anti­
quated lathe.

Now for the workm an’s point of view. Where scientific 
management has been installed, the hours have deen decreased 
and the pay largely increased. Our foundry went from 10 to 
9 hours, and the production increased. I  asked an old workman 
in one plant I visited whether he would be willing to go back 
to the old methods. H e said “ No, Sir! W e do more work,, 
but things are fixed so we can do it easier, and we get more pa>-
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I always tried to do a  d ay ’s work for a d a y ’s pay, but w hat I 
like about this shop now is that there are no loafers who get the 
same pay I do and don’ t do half as m uch.”

Following is a partial list1 of the industries in which some form 
of labor-saving management has been installed:

Bookbinding M achine tools F ood p ro d u c ts
Building construction M olding m achines F u rn itu re
Carriage and wagon- P um ps F lou r

building P n eu m a tic  tools Glass
Chains Sew ing m achines L u m b er p roduc ts
Hardware T ypew riters P ianos
Tanks W ood-w orking m ach in ­ P a p e r an d  p a p er pulp
Construction and repa ir e ry R u b b er goods

of vessels (navy M etal an d  coal m in ing Soaps
yards) M etal w orking Shoes

Firearms and ordnance B olts  and  n u ts S ta te  p roducts
Rifles V alves a n d  p ipe  fittings P r in tin g  an d  lith o g rap h ­
Gun carriages M iscellaneous m anufac- ing
Machinery building tu riu g R ailroad  m ain tenance
Automobiles B eer of m o tiv e  pow er
Agricultural im plem ents B ee t sugar S tee l m an u fac tu re
Coal-handling m achinery  B oxes (w ood and*paper) T ex tile  m an u fac tu re
Electrical m achinery T in  cans W oolens
Founding iron and  b rass B u tto n s B leaching  and  dyeing
General machine work C lothing V elvets
Gas engines Cordage
Locomotives C ottons

This shows how universally applicable these principles are.

In fact I have been wondering how the chemical departments 
of our universities would strike an efficiency engineer. As 
university departments go, they rank well, but looked at from 
the point of view of efficiency, they are^probably in the same 
class as all industries, a certain am ount of work done in a  difficult 
way, when, applying the principles of scientific management 
twice as much could be done in the same time, in ways easier 
for both student and teacher.

I know you will say: “ Oh, scientific management is all right 
in a machine shop or a  foundry, but it wouldn’ t do in a univer­
sity—conditions there are different.”  T h a t is exactly  what 
every one says of his own business a t first. I t  is exactly  w hat I 
said at first when I was told to look into scientific management 
and see what was in it  for our foundry. But, as I studied the 
question, I  saw that it was applicable, and after the right expert 
was secured, it was applied w ith the results I  have given you.

Gilbreth says, in reference to his hospital w ork," A  hospital 
if a factory, a health-and-happiness factory; and it ought to be 
governed by the supreme principle that governs any other 
factory the principle of maxim um efficiency in relation to the 
output,”

I look at a school of chem istry as a  manufacturing plant, 
with its product either em bryo superintendents or managers 
of plants or else pure research men, whether employed as such 
1:1 l̂e industries or as teachers. The principles that apply to 
our factories will apply here.2 

Parkhurst says:3
Scientific Management applied to our public and preparatory 

SC ools, c°Heges and industrial and manual training schools 
wi 1 be the remedy for much, if not all, of the present inefficiency.

' '^ le greatest handicap to the remedy of this efficiency 
I*1 e the opposition of those directly involved and who are to 

e directly benefitted by  a  radical change.”
P- W. Taylor says:4 

^  ^lustrations chosen in this book are such as, it is believed, 
1 especially appeal to engineers and to managers of industrial 

all fmanUiaCtUring ^ ^ blishm ents, and also quite as much to 
0 the men who are w orking in these establishments. It  is 

^Industrial Engineering, D ecem ber. 1912, p . 239.
3 p  Cooke, B ull. 5, C arnegie.

Pclrlcliurst, ‘'Science o f M anagem ent in P rac tic e ,"  Industria l 
^n eerx n g .  Feb.. 1912, p . 1 1 3 .

Preface to  "P rincip les of Scientific M anagem en t.”

hoped, however, that it will be clear to other readers that the 
same principles can be applied with equal force to all social 
activities: to the management of our homes; the management 
of our farms; the management of the business of our tradesmen, 
large and small; of our churches, our philanthropic institutions, 
our universities, and our governmental departm ents.”

How do other university graduates who, like myself, m eet 
Scientific Management in after life, feel about it? L et me quote 
again from Gilbreth:1

“ I am building a fairly large job a t the present time on which 
I have a number of young college men, most of them from a few 
months to a very few years out of collegc. T hey come from the 
best colleges in this country, and they have formed themselves, 
without any suggestion from anybody, into the first Canadian
Society for the Promotion of Scientific Management..............Now
the question of academic efficiency I am not prepared to debate, 
but I will say this however; these young men came from different 
colleges, the University of Illinois, Yale, Brown, Lehigh, Massa­
chusetts Institute of Technology, and I don’ t remember w hat 
other colleges, and every one of them said, ‘I regret exceedingly 
that our professors have not taken this thing seriously, and given 
it  to us while we were in school.’ ”

This year one of our largest universities has 177 working days 
in the college year. Allowing for Sundays and holidays, in­
cluding Founders’ D ay, and allowing thirty days’ vacation 
besides (though the man of college age who has to work for a 
living is m ighty glad to get two weeks), there should be 275 
working days. That gives a time efficiency of 63 per cent. 
Then look at the laboratories that are occupied, say 25 per cent 
of the time that college is in session, and you get floor-space 
efficiency on the line of dependent sequence, of 16 per cent. 
Look a t the lines waiting at the stock room windows. Look into 
the laboratories and see the time wasted in setting up apparatus, 
talking things over, waiting for balances, etc., and if you get a 
real working efficiency of 50 per cent in any chemical department 
of any university, I shall be surprised.

L et us grant that producing chemists is a different sort of 
industry than making molding machines for example, and that 
the universities do not, like a manufacturing plant, get more 
m oney for giving their students more and better training, the 
student gets the money in the form of a more rapid and a higher 
rise than he would were he less well trained. Y e t  is there •any 
reason w hy the university should not be willing to learn from 
any source, even though not an academic one, how to “ make 
the best use of the present equipment?”  E very  one a t first 
naturally has the idea that his industry is run as well as it  pos­
sibly can be, that scientific management is something for the 
“ other man.”

W e quote again from Gilbreth:3
“ I t ’s a m ystery to me w hy the medical men take themselves 

for granted as the ones to manage a hospital. T hey seem to 
think that a  training in a  specialty is a training in management. 
Nothing of the kind. Management is  a specialty. A  doctor’s 
training is not of the kind that would make him a manager. 
The surgeon is just like the old-style shop foreman, it ’s the in­
stinct with him to resent suggestions from anyone outside the 
trade and he wouldn’t work in a plant where 'non-professional’ 
orders or instructions are tolerated. So from the standpoint of 
scientific management, the hospitals are back in the D ark A ges.”  

Does not the same thing apply to chemical schools? How 
m any educators could qualify as up-to-date executives in a 
manufacturing plant? Y e t  are they not really forced to be 
executives in w hat is really a manufacturing plant? If our 
teachers of chemistry will study deeply the science of manage­
ment, as they do their own science, with the thought constantly 
present that possibly some of the principles might apply to their

1 R ep o rt of D artm o u th  Conference of O ct., 1911, p . 358.
2 Am erican M agazine, M arch, 1913, p . 50.
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work, and not solely to the other man’s, there might sometime 
be created a scholastic environment that in turn would create in 
our chemical students an attitude of mind which would largely 
span the gulf that now exists between the college and the works 
in which the student is to use his college training. W hy need 
we look back at our college days, in comparison with our works 
experience, as a period of hard mental endeavor, but of little 
actually accomplished?

It is not the hard mental work that counts in brain develop­
ment, but the efficient work. The university deals with impres­
sionable brains. To impress on those brains the need of plan­
ning work in advance, of setting a standard of work and then of 
living up to it, is vital.

I believe that a course in chemical engineering run on the lines 
of scientific management would teach as many chemical facts 
as the present courses, and might also teach a greater number 
of students how to think.

B ut whether the universities take up scientific management 
is not for us to decide. W hat each one of us can decide, is 
whether he cannot apply these principles which have brought 
such results in so many and so varied fields of endeavor, to his 
own work— to his own study in his college course, to the planning 
and execution of his own research work, to the lay-out and rout­
ine of his own laboratory, and to his own daily life.

If I have succeeded in awakening any interest in your minds 
in this new American industrial development, I shall be glad. 
If I have not, the fault lies with the speaker, and not with the 
subject.

I .  I n s t r u c t io n  f o r  Ma n a g e r  o f  R e s e a r c h  D e p a r t m e n t

1. The M anager of th e  R esearch D epartm en t is under 
th e  d irec t charge of, and  solely responsible to , th e  General 
Superin tenden t; h is hours are those of the  office a t  P la n t No. 1.

2. H e shall m ake his headquarters  in th e  laborato ry  
located  a t  P la n t No. 1. W hile he is n o t under th e  orders of 
any  one a t  P la n t No. 1, h is location a t  th a t  p la n t m akes i t  ad ­
v isable th a t  he w ork in  close harm ony  w ith  th e  officers of th a t  
p lan t, since m ost of h is observations and  te sts  on actual foun­
d ry  practice  m ust be m ade a t  th a t  p lan t. W hen such work 
is to  be done, th e  au tho riza tion  of th e  S uperin tenden t of

therein, so as to  be able to  answ er p rom ptly  and  accurately inquiries on tech­
nical and  foundry  problems.

12. As opp o rtu n ity  offers, he should a tten d  m eetings and conventioni 
of societies dealing w ith  th e  chem ical, technical, engineering and foundry 
problem s of th is  business. H e should m ake every effort to keep abreast 
of cu rren t scientific and  technical progress in  his line of work.

13. H e shall collect d a ta  from  th e  various plants, or from other sources, 
on foundry  problem s, and  shall m ake his D epartm en t a  clearing house of 
technical inform ation  for all the  p lan ts . W hen a piece of work has shown 
how  savings can  be m ade, or q u a lity  of o u tp u t im proved, this information 
is to  be reported  to  all plants.

14. H e shall carry  on such scientific o r technical investigations and 
researches as m ay  seem  advisable in order to  solve problems that come up, 
o r to  acquire needed inform ation .'  The problem s m ay  originate with him! 
o r be suggested by  th e  Officers of th e  Com pany, by  the  various plants, or 
by  custom ers. Before undertak ing  such investigations, a  statement shall 
be m ade to  th e  G eneral S uperin tenden t, s ta tin g  th e  problem, the reasons 
why i t  m igh t be w orth  while to  investigate  it, an  estim ate of the time and 
expense a ttach ed  to  it, and  a  general outline of th e  m ethods to be used in 
th e  investigation . The work shall be undertaken  only after securing the 
approval of th e  G eneral S uperin tenden t. In  ra re  emergencies where prob­
lem s are sen t in b y  p lan ts , o r by  o th e r Officers th a n  the  General Superin­
tenden t, which will n o t adm it of delay, th e  work m ay  be started without 
w aiting for his approval, b u t he m u s t be a t  once notified of the situation.

15. N o analyses or tests outside of the  regu lar routine authorized by 
th e  G eneral Superin tenden t, or by  these instructions, shall be made without 
th e  approval of the  G eneral Superin tendent.

16. W eekly reports of th e  progress of th e  work in hand  shall be made to 
th e  G eneral S uperin tenden t, P resident, and  V ice-President. Copies of all 
le tte rs  w ritten  of any  im portance shall go to  the  General Superintendent 
W here  custom ers o r sales are affected, copies shall also go to the Vice- 
P residen t. W here le tte rs  concern an y  p la n t or p lan ts  in particular, copies 
shall also go to  th e  M anager o r S uperin tenden t of the  Plant in ques­
tion, depending on th e  n a tu re  of th e  subject. In  cases where the letters
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ing the  production  of P la n t No. 1 b y  th e  research work. In  all l
such w ork no orders shall be issued to  any  forem en o r w orkm en 2
th a t  are n o t fu lly  authorized  by th e  S uperin tenden t’s ap- 3
proval of th e  work. 4

3. H e shall have charge of the  m aintenance of the  labora- 5
to ry , and  its  equipm ent. 6

4. H e shall m ake such rou tine  analyses and  te sts  of 7
m ateria ls  purchased  by  th is  Com pany and  received a t  any  p la n t 8
as shall be required  by  th e  G eneral Superin tendent.

5. H e shall have charge of th e  py rom eter equ ipm ent a t all 
p lan ts  and  shall keep th e  sam e in w orking order. All new p y ro ­
m eters  o r repa ir p a rts  for th em  shall be ordered by  th e  R e­
search D ep artm en t and  supplied  by  i t  to  th e  various p lan ts  on 
th e ir  order.

6. H e shall be in general charge of all pyrom etric  contro l of 
core ovens, furnaces, and  pouring  tem pera tu res a t all the  p lants.

7. H e shall have general charge of th e  p repara tion  of 
specifications for the  purchases of m ateria l, b u t such specifica­
tions m u s t be approved b y  th e  G eneral S uperin tenden t and  the  
Purchasing  Agent.

8. H e  shall have general charge of all alloy m ix tu res a t  all 
p lan ts  and  shall see to  i t  th a t  such d irections are furnished the  
various p lan ts  as, when properly  executed by  th e  p lants, will 
resu lt in  th e  alloys p u t  o u t m eeting  th e  physical and  chem ical 
specifications dem anded by  th e  custom er. H e is th u s  in a  gen­
eral w ay responsible for th e  q u a lity  of th e  o u tp u t a t  all p lants.

9. H e m u st work in  close touch  w ith  th e  Sales D epart­
m ent, on the  m a tte r  of custom ers’ specifications. A custom er’s 
specifications should be O. K .’d b y  th e  M anager of th e  R e­
search D epartm en t before th e  order is booked.

10. H e shall keep full and  accessible records of all analyses, tests, 
experim ents o r investigations of any  k ind  conducted  by  his D epartm ent.

11. H e shall read  th e  various technical and  scientific journa ls  th a t  
con tain  inform ation  of value to  the  alum inum , b rass and  bronze casting 
industry , these to  be furn ished fo r his D epartm en t a t  C om pany expense, 
and shall m ain ta in  a com plete file of references to  such inform ation contained
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General Superin tendent.
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THE INTERPRETATION OF U. S. P. ASSAY PROCESSES1

B y F r a n k  O. T a y l o r

The alkaloidal assay methods of the United States Pharmaco­
poeia have been plentifully criticized and volumes have been 
written concerning changes of greater or less importance deemed 
necessary by various analysts. Many entirely new methods have 
been suggested and improved methods finally evolved from this 
mass of work, for use in the next Pharmacopoeia, will doubtless 
be more efficient than those now employed. However much we 
m ay blame defective processes for the lack of uniform results 
obtained by different men in the assay of fluid extracts, tinctures, 
etc., I am convinced that the trouble is frequently not in the 
method per se, but in the details of applying it, or in other words, 
in the individual interpretation of the method as stated in the 
U. S. P.

Now, I am perfectly willing to concede that few, if any, assay 
methods are given in any fuller detail than those in the Pharm­
acopoeia for the estimation of alkaloids and on casual reading 
it would seem that the methods are so explicitly stated that 
even an inexperienced chemist could hardly err in carrying them 
out, and yet if you give the same fluid extracts to several dif­
ferent and equally expert chemists, you are extremely liable to 
get some widely different results. If placed in the hands of 
chemists who are not thoroughly familiar with the eccentricities 
of alkaloidal assays, he would be a  rash prophet who would at­
tempt to foretell the variation in results obtained. This con­
dition of affairs is one of grave importance alike to retail pharm­
acist and manufacturer since, with the greatly increased attention 
to this work during recent years, many chemists have taken it 
up who have not had the opportunity of acquiring the necessary 
experience to confer expertness and thorough reliability. This 
is in no wise a reflection upon individual ability or general 
knowledge of chemistry and pharmacy as all who have had long 
experience in drug assays will agree, but is simply a chemical 
application of the old saying that ‘ ‘practice makes perfect,”  
and this peculiarly difficult variety of assays requires a great deal 
of practice.

As a homely illustration, suppose the pharmacist reads the 
instructions for the assay of Henbane, for example, he will 
most probably say “ Surely that is so explicit that a n y ’chemist 
ought to be able to get accurate results,”  but he would not think 
of taking a cook-book home to his wife, expecting her to make a

1 Paper presen ted  a t  th e  M ilwaukee M eeting of th e  A m erican Chemical 
Society, March, 1913.
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cakc exactly  like that made by Mrs. Sm ith by following the 
recipe unless she was a very experienced cook and had made 
numerous similar cakes before.

W ith the existing and increasing number of legislative enact­
ments concerning standards of strength for drugs and their 
preparations, any errors in assay m ay bring about confusion and 
legal complications for which there is no basis in fact. Chemists 
working under the authority of Federal or State Governments 
and those responsible to individuals or corporations are equally 
interested in seeing that the desired standards arc maintained 
and that conflicting analyses do not throw discredit upon analyst 
or producer.

It is the purpose of this paper to direct special notice to possible 
misinterpretation of the U. S. P. assays and in some cases to em­
phasize again facts that have already been published by others, 
but to which little attention seems to have been paid.

The adoption of uniform methods of assay for alkaloidal and 
other drugs is a very necessary thing, but the standardization 
of these methods is a very different thing from the standardiza­
tion of the operations of a machine, and the literal applications 
of the U. S. P. methods m ay often give results never contemplated 
by the authors of the processes. A s in the m eting out of real 
justice under the terms of a law, regard must be had for the 
obvious intention of its originators, so in the carrying out of 
these somewhat intricate directions for the estimation of alkaloids 
we must keep in mind the evident intention of those who devised 
the methods and interpret the minor details in the light of this 
knowledge. You  will recall that the eighth revision of the 
Pharmacopoeia became official on September, 1905, but 
supplementary notes and corrections were later made which 
were embodied in correction sheets official from May, 1907, 
and a few additional notes were made official from June, 
1907. Copies of the Pharmacopoeia printed subsequent to this 
time contained all these corrections in the text, but it  is quite 
likely that these emendations have not everywhere received due 
attention.

The writer’s attention was recently called to a  typical example 
of how discrepancies in assays m ay occur when two different 
chemists failed to get anything like concordant results in the 
assay of the same tincture of aconite, and consideration of the 
details of this method of assay will show how the confusion 
occurred and how it might happen in other cases.

In the process as described, after evaporating 100 cc. of 
tincture aconite to dryness, the Pharmacopoeia provides that the 
residue should be dissolved in a definite amount of tenth-normal 
sulfuric acid and distilled w ater and then says: "W hen the ex­
tract is dissolved, filter the liquid into a separator, washing the 
dish, and filter with about 25 cc. of distilled w ater.”  Now, 
there is a certain amount of extractive m atter not soluble in the 
acid water and it is the obvious intention that this residue, the 
dish and filter shall be washed entirely free of alkaloid so that no 
loss m ay occur. If the washing is carried out rapidly or care­
lessly, it is quite possible that some of the alkaloid will not be 
washed out with 25 cc. of distilled water, and the washing ought 
by  all means be continued until the alkaloid is com pletely trans­
ferred to the acid solution. I t  is next required that the acid 
solution, after being made alkaline w ith a  definite amount of 
ammonia, shall be shaken with successive portions of 25, 15, 10 
and 10 cc. of ether, the total being 60 cc. Here again the evident 
purpose is to entirely remove the aconitine from the aqueous 
solution to the ether, but, as we will see later, this w ill not be 
accomplished by this treatment and the extraction w ith ether 
should continue until this is done, which m ay be demonstrated 
by evaporating pne or two cc. of the last ethereal washing, 
taking up the residue with a few drops of acid water and testing 
for the presence of alkaloid with Mayer's reagent. Certainly 
the exact wording of the process does not require this, but here 
again it is the obvious intention that this should be done and is

authorized by the Pharmacopoeia under one of the notes of cor­
rection to the article on "Alkaloidal A ssay”  given at the foot 
of page 579 in those copies printed since June, 1907, which reads 
as follows: " I f  extraction is incomplete, the process must be 
repeated with additional solvent. The completion of the shak­
ing out processes m ay be tested in most cases by  evaporating 
a  small portion of the solution, dissolving the residue in acidula­
ted w ater and adding mercuric potassium iodide, T. S., when the 
absence of turbidity indicates exhaustion.”

From a careful comparison of the method of applying the 
U. S. P. assay by  the two chemists in the instance mentioned 
above, it seemed very probable that the difference in results was 
due to this incomplete extraction, and in order to demonstrate 
the truth of this theory, a quantity of tincture of aconitc was 
divided into different portions and subm itted to four different 
chemists for assay w ith instructions that the U. S. P. process be 
followed literally in every particular, and after making the assay 
by  this means the aqueous liquid should be again shaken out with 
successive portions of ether until the test with Mayer's reagent 
indicated complete extraction. The results are shown in the 
table below:

G ram s p e r 100 cc. of T incture

Z 2  2  2
a e e a
CJ O  V  v

S  ■** A 5
U sing 2 5 -15 -10  and1 1 0  t  ”  0372 0 .0 3  45 0.0358

cc e th e r  fo r final Q 0 .035S
ex tra c tio n ......................  ^

P e r  c en t of U . S . P .
S ta n d a rd ......................... 7 8 .2 %  8 2 .6 %  7 5 .3 %  79.5%

E 't r a c t io n  co n tinued  j  O.OOJ8  0 .0 0 8  0 .0 1 2  0.0034
w ith  25 20-20 cc. < „  0098 0 oos Q Q12 0 .0090
e th e r ................................. ^

P e r  c en t of U . S. P .
S ta n d a rd ........................  2 1 .8 %  1 7 .8 %  2 6 .6 %  20.0%

, ( 0 .0 4 5  0 .04522  0 .0465 0.0444
F in a l re su lt of a s s a y . . . .  |  0 .0 4 5  0 .04522  0 .0453  0.0448
P e r c e n t of U . S. P .

S ta n d a rd ..........................  100 .0%  10 0 .4 %  101 .9%  99.5%

I t  will be noted above that when the process of assay is carried 
out exactly  as outlined in the Pharmacopoeia, using separate 
portions of 25, 15, 10 and 10 cc. of ether, the alkaloid extracted 
amounted to from 75.3 per cent to 82.7 per cent of the quantity 
required by the U. S. P. W hen the extraction was c o n t i n u e d  

b y  the use of a further quantity of ether and the total amount 
of alkaloid estimated, the results were very uniform, ranging 
from 99.5 per cent to 101.9 Per cent, which is well within the 
practical limit of personal variation in applying an assay process 
of this kind. In carrying out this work, Chemists 1 and 4 cadi 
used different volum etric solutions while Chemists 2 and 3 
employed the same volum etric solution, but different from cither 
of the others.

These experiments demonstrate conclusively that c o m p l e t e  

extraction cannot always be obtained b y  the use of the exact 
quantities of solvents specified in this assay process, and the 
same thing is equally true of m any other of the methods laM 
down in the U. S. P ., particularly the various mydriatic dnigs 
and physostigma, but, as indicated in the note we have quoted 
above, it is the intention of the Pharmacopoeia to have such 
extraction complete and it  is necessary, therefore, to take a 
common sense view of the assays and be guided accordingly.

T aking the aconite assay again as an example, the separation 
of the ethereal and aqueous liquids is stated as follows: ^ra'r
off the lower layer into a flask and filter the ether solution int0 
a  beaker. Return the contents of the flask into the separator
.................”  Now, nothing is said about rinsing out the Has'

w ith w ater when pouring its contents back into the separator, 
but as otherwise some loss would occur, the careful chemist
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would unquestionably do this and be carrying out the spirit of 
the Pharmacopoeia in so doing. Details of manipulation such 
as these may appear trivial and do not have a place in the 
pharmacopoeial statem ent of the assay process as they can be 
covered to better advantage in a general article such as appears 
in the back of the Pharmacopoeia on alkaloidal assay, but they 
must not be overlooked in actual work.

As a specific instance of this kind, Sahvay (Trans. 
Chem. Sac., 99, 2149 (1911)) states that “ a representative
sample of Calabar beans............... when assayed by the method
of the U. S. Pharmacopoeia yielded 0.091 per cent of alkaloid. 
The method referred to, however, was found to give results 
which were much too low since the amount of physostigmine
isolated when working on a large scale ................was equivalent
to 0.179 per cen t...............  The low result of the above method
of assay has been ascertained to be due to the fact that three 
extractions with ether (as required by the Pharmacopoeia) are 
quite insufficient to remove the alkaloids completely from a 
solution which has been rendered alkaline w ith sodium hydrogen 
carbonate.”

The same remarks concerning incomplete extraction are like­
wise true as applied to the transfer of alkaloid from its solution 
in ether or chloroform to an acid aqueous liquid, as in the assay 
of coca, cinchona, pilocarpus and the m ydriatic drugs.

Turning now to still other sources of variation, attention m ay 
be directed to the methods of shaking employed. In the various 
assay methods the Pharmacopoeia gives definite statements as 
to the length of time which the powdered drug should be shaken 
with the solvent used for extraction as, for example, in Bella­
donna leaves it says: "Shake the flask well a t intervals during 
one hour”  or, when it gives the time for shaking the immiscible 
solvent with the aqueous solution as further in the same assay 
process, the statement is made: “ Shake the separator well for 
one minute.”  The continuation of the shaking in the first case 
beyond an hour, or by shaking a t frequent intervals by  hand, 
or continuously, in a  mechanical shaker, all are intended for the 
purpose of completely extracting the alkaloid from the drug, 
or rather for producing a uniform distribution of the alkaloid 
in drug and solvent, which practically amounts to the same thing, 
and if the extraction process is not carried far enough an error 
may creep in here, so that it is decidedly preferable to exceed 
the time limit of the U. S. P., especially if the shaking is done 
by hand at intervals, rather than to run chances of following 
the instructions literally and getting a low result. Scoville 
{Proc. A. Ph. A ., 1910, p. 820) has made brief reference to this 
same point, and others have probably done the same thing, but 
additional emphasis is by  no means uncalled for.

In another paper (Proc. A . Ph. A ., 1910, p. 874) Scoville has 
pointed out a very serious source of error in the assay of fluid 
preparations of the m ydriatic drugs in that these have the very 
peculiar characteristic of being less easily extracted when old 
than when freshly made if the U. S. P. process is strictly followed. 
He has shown that fluid extracts of belladonna, hyoscyamus, 
scopola and stramonium, when freshly made, m ay usually be 
extracted completely b y  following the U. S. P. process, but after 
they have aged for one or two years it  is impossible to extract 
the full amount of alkaloid present b y  the strict use of the U. S. P. 
process, and the same difficulty sometimes occurs even in freshly 
®ade extracts. The addition of a small portion of alcohol to 
the chloroform used for the preliminary extraction permits of 
the complete and much more rapid removal of the alkaloid from 
the aqueous liquid. I t  m ay seem that this is going beyond the 
hounds of the U. S. P. process, but I do not believe this is the 
case since in the pharmacopoeial note on the alkaloidal assay 
■PaSe 579)i it states that if an emulsion forms which cannot be 
easily broken, it is permissible to use a "slight amount of alcohol 
to assist in breaking this emulsion, and as emulsions are specially 
liable to form in the assay of the m ydriatic drugs, alcohol would

very likely be used in m any cases, and it is certainly not over­
stepping the bounds of the assay to use it in every case. In 
fact it was in the use of a little alcohol for breaking emulsions 
that the great advantage of its presence was originally deter­
mined. If  this trace of alcohol is not employed, a fluid extract 
which is fully up to standard strength might very easily be con­
demned as having deteriorated to a great extent.

A fter the alkaloid has been isolated and its exact quantity 
is to be determined by titration, as with coca, ipecac, belladonna, 
henbane and stramonium, another error m ay creep in, especially 
w ith the m ydriatic leaves and their preparations. The residue 
left by  evaporation of the ethereal or chloroformie solution is to 
be dissolved in an exact quantity of standard acid and the 
exccss titrated by alkali, but sometimes if much care is not taken, 
all the alkaloids will not be dissolved even w ith the excess of 
acid present and the result of the assay will be too low. To be 
sure of completely dissolving the alkaloid as is intended in the 
assay process the addition of 2 or 3 cc. of neutral ether or alcohol is 
always desirable*, not because the alkaloid itself is so difficultly 
soluble in the acid, but because a certain m inute quantity of 
other substances not easily soluble in very dilute acid is carried 
through the various stages of the assay and, being incorporated 
in the final residue, oilers more or less protection to the alkaloid 
against the action of the acid and water. H aving effected 
complete solution by this means it is best to evaporate the ether 
by brief warming on a  water bath, subsequently cooling before 
titration w ith the standard alkali; if alcohol is used it m ay re- 

. main in the solution.
Other details in the U. S. P. methods of assay m ight be cited 

as possible sources of variation in the results of different chemists 
as, for example, the apparently very simple process of filtering 
aqueous or ethereal solutions, but such instances will occur to 
you from your personal experience in this w ork and could be 
multiplied to a great extent.

SUMMARY

Conditions surrounding the assay by  different men cannot 
always be the same and variation m ay occur for the following 

■reasons:
First and chiefly, because of incompleteness of extraction either 

of the drug or of the aqueous liquids by  immiscible solvents.

Secotui, by  too great haste in carrying out this work, for in 
chemical assays, as in everything else, the old aphorism that 
"haste makes waste”  is most certainly true.

Third— W ith particular reference to the fluid preparations of the 
m ydriatic drugs, there is evidence of a peculiar condition in old 
preparations and sometimes in new ones that prevents the com­
plete extraction of the alkaloid w ithout the use of a trace of 
alcohol in connection w ith the chloroform.

Fourth— The question of shaking b y  hand or by  mechanical 
means at any point in the process m ay m ake some difference, 
but particularly will there be difference in results if sufficient 
time is not allowed, and it is well to exceed the pharmacopoeial 
time limit, which is most evidently intended for a minimum 
statement of time necessary, so that in either case complete

extraction will be assured.
f i f th  The solution of the alkaloidal residue in standard acid

before final titration m ay not always be complete, and a little 
carefully neutralized ether or alcohol should be used as an aid to 

this end.
Sixth— The individual method of reading end points by  various 

indicators in the titration of alkaloids, while not specifically 
mentioned above, will have some effect upon the results.

The U. S. Pharmacopoeia has come to be a legal authority and 
as such will be construed more strictly than ever before, but we 
must keep in mind that good law is also good common sense, 
and to apply the pharmacopoeial requirements in any other 
manner is warping it  away from its true purpose.
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The carrying out of its assay methods must be done w ith a 
clear vision of the end to be attained and a thorough under­
standing of the m any pitfalls in the w ay of the chemist.

Laboratories ok Parke, Davis & Co.
Detroit

W ATER SUPPLY FOR THE M ANUFACTURER1

B y  W . M. B ooth

Before locating a  new plant or industry, a  large amount of 
preliminary information is necessary. H aving dccided that 
m arket conditions, transportation, labor and power are avail­
able and acceptable, a thorough study of water conditions must 
be made. This should determine the quantity, quality, and cost 
of this material necessary in the production of power, for strictly 
manufacturing operations, for drinking, for cleaning and for fire. 
Sum up all possible requirements and add from 50 to 100 per cent 
for emergencies and for growth.

If possible, two independent sources of supply should be 
obtainable.

Information of the character demanded can be obtained from 
a commercial laboratory that has specialized in this direction, or 
from a consulting engineer who has a laboratory at his disposal. 
Such a study should be begun at least a year in advance of 
building operations. Seasonal changes arc such that both quality 
and quantity of water m ay vary greatly form month to month, 
if the proposed source is a  river, small stream or spring.

H aving employed a man or company to make the necessary 
observations and analyses, the proposed sites can be visited 
and the requirements pointed out and discussed. If w ater is 
to furnish the power of the mill and m axim um and minimum 
flow data are not available, they must be obtained from the 
government or from original experiments conducted w ith a weir. 
Special forms of this device are now sold with recording gauges 
that read in cubic feet, per second. If records have not been 
kept and the expense of the instrument is more than is thought 
necessary, actual velocity and depth studies can be undertaken 
at stated dates each month. If the minimum of these readings 
shows the passage of the required volume of water, the questions 
of quantity are dismissed for power, fire and cleaning.

Such w ater is rarely exactly  fitted for power and technical 
purposes. There is, however, a  considerable area of granite or 
related rock in the United States, the run-off from which is soft 
and clean. The Adirondacks, the W hite Mountains, and the 
Catskills all afford an abundance of soft water. The plants 
along the streams running from these highlands have m any 
advantages due to this kind of water supply. I  have found the 
hardness to average about fifty  parts per million.

Shale rock areas in New Y o rk  state at an altitude approxim at­
ing 1400 feet also afford very good water, with a  hardness be­
tween 100 and 120 parts per million. Limestone areas generally 
produce hard water. Such a belt runs through the United 
States from eastern New Y o rk  to the Mississippi river and south; 
hardness 150-2000 parts per million. Before use in a  power 
house, this class of water should be softened by chemical means. 
The cost of treatment varies from a  fraction of one cent to 
tw enty cents per thousand gallons.

The quality requirements for m anufacturing purposes vary 
w ith the nature of the business. Textile mills demand a great 
volume of soft water, free from iron and sediment. Canned 
goods concerns need a  w ater under a hardness of 170 parts per 
million, clean and sanitary, low in organic nitrogen. Power 
producers and steel plants need large volumes of soft water, free 
from sediment and oil, and cold for condensing purposes.

1 P ap e r p resen ted  a t  th e  M ilwaukee M eeting of th e  A m erican  Chem ical 
Society, M arch, 1913.

M any industries use w ater for rinsing. Laundries must avoid 
water containing iron; in addition it should be soft and dean. 
Nor can iron tanks be used in storing w ater for laundries; but 
wood and concrete are always available.

In  fact, very few operations of manufacturers require hard 
water and in such cases, the necessities are generally well under­
stood.

If a  stream cannot be appropriated for a site, a lake may be 
considered. The Great Lakes serve hundreds of plants. The 
w ater has a hardness of from 90 to 100 parts per million. As 
cheap sources with enormous volume, they arc unexcelled. All 
lake w ater carries sediment which can be treated according to 
the needs of the business. One grain of alum per gallon deans 
the usual run of lake w ater a t a cost of less than $2.00 per million 
gallons.

Smaller lakes in the eastern states are usually on high ground 
and necessitate a w ater works system  between the sourcc of 
supply and the plant on the railroad. New Y o rk  state includes 
within its borders hundreds of such natural reservoirs. The 
w ater has a hardness of approxim ately 100 parts per million.

N ext to lakes, small streams and isolated springs may be 
considered. The annual maxim um and minimum supply 
must be definitely determined before any plans are made to use 
such water. Large streams with a large average flow fifty years 
ago are often dry in midsummer now.

Perhaps the industry docs not need a large volume of water 
daily, or must be situated in a town or city. When there is no 
choice of location, bad w ater m ust be corrected mechanically or 
chemically. If there is a choice between two or more towns, the 
question from the w ater investigators’ standpoint is what kind 
of a supply and w hat equipment exists a t each place.

A  complete history of the w ater works company, plant and 
equipment should be worked up, short, but showing location and 
extent of water-shed, storage capacity, piping, pumping plant 
and the financial standing of the com pany itself. The quality 
from a sanitary, mineral and bacteriological standpoint should 
be made a  part of the record, the result of personal investigation 
and not from published records.

No modern mill superintendent can tolerate a scant supply or 
a poor distribution system. W e all know of towns where the 
water pressure varies from 20 pounds to zero. Insurance rates 
are unduly high and fire losses are numerous. Few small towns 
afford supply in quantity sufficient for big business. My clients 
operating canning factories require from 50,000 to 100,000 gallons 
of good w ater per day for special uses; woolen and cotton mills 
from 2,000,000 to 5,000,000. Canals and rivers flowing through 
such towns are the only inducements for large users. City water 
costs from 3 to 15 cents per 1000 gallons; 10 cents is notun- 
usual. The bill for this item alone m ay amount to $30 to $5° 
per day. Such a fixed factory cost is not unheard of but it cuts 
down profits with regular and insistent demands.

If a town will furnish clean, soft w ater at 10 cents per thousand 
gallons to a  concern using not more than 50,000 gallons a day, 
the chances are that the use of such is desirable rather than an 
attem pt to find other sources w ith certain overhead expense 
and uncertain results.

This statem ent applies also to wells, fully discussed in in) 
previous paper before the Institute.

DRINKING WATER

No two sanitarians will agree concerning the standard to be 
set for potable water. In this paper I suggest three types flit 
possible limits of purity. Many thousands of people are drinking 
each of the three grades daily, with apparently no ill effects.

These tentative standards are as follows:
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P a r ts  p e r m illion

I I  I I I

0 .0 5  0 .1 0
0 .1 0  0 .15
2 .0 0  2 .5 0
0 .0 0 5  0 .01

1 0 .0  2 0 . 0
2 .0 0  3 -5

5 0 0 .0  500-4000
5 0 0 .0  1000-20,000
Presence Presence

10 cc. 1 /10 cc.
a in ts . am ts.

s ligh t heavy
sligh t yes
yes yes
40° F . very  cold
80° F . v e ry  w arm

With increased attention to sanitary details everywhere, the 
manufacturer can well afford to add a clean, pure supply to his 
factory equipment. If it is impossible to obtain potable water, 
it should be prepared. In case the supply is muddy, it  should be 
filtered; if polluted it should be passed through sand and charcoal

or distilled and then passed through charcoal. It must be re­
membered that w ater distilled from an impure source, organically, 
carries ammonia and sometimes other gases. Charcoal gives such 
water a pleasant taste and removes odor. Do not attem pt to 
condense steam from an ordinary boiler for drinking purposes. 
Rather pass steam through a copper coil in a tin-lined kettle. 
Condense also in tin. Such water must be cooled before drinking.

When a manufacturing corporation can afford to do so, it 
should build and operate its own water works. Ten, fifteen, or 
twenty miles is not a prohibitive distance to go for a good supply. 
The initial expense will be small compared with the additional 
resources of the plant that has all of the clean, soft water needed.

To accomplish such a  purpose, it m ay be necessary to buy 
several hundred acres of cheap land. This should be fenced and 
all people and animals kept out. H aving an abundant supply, 
a corporation m ay add to its income by selling water.

If w ater of a poor quality, but soft, is available near the con­
cern, a purification plant on a  large scale can be built to good 
advantage. Here water m ay be filtered or softened to the de­
gree required by the average use to which it is put.

Dillaye Building 
Syracuse, N. Y.

I
Free ammonia....................  0 .0 2
Alb. ammonia....................  0 .0 8
Nitrates................................ 1 .00
Nitrites................................. 0 .000
Chlorine...............................  2 .00
Oxygen consumed............. 1 .00
Total solids.......................... 100.0
Colonies per cc...................  100.0
B.Coli.................................. 0 .0 0

Sediment.............................. none
Color..................................... none
Odor.....................................  none
r  . ) w in te r above 4 5 0 F .Temperature..................  > , ,

J sum m er below  60 0 F .

CURRENT INDUSTRIAL NE.W5
B y  W . A. H A M O R

THE EYN0 N-EVANS FLANGED BLOW -OFF VALVE

A Philadelphia concern has placed on the market an angle 
flanged blow-ofl valve, an illustration of which is shown below. 
The principle involved is that of protecting the packing inside 
the shield before the grit, scale and other blow-off products 
are permitted to pass through the valve from the boiler. The 
lower end of the shield also acts as a valve, thereby permitting 
of the removal and inspection of the packing while the' blow-off 
valve is in service with full boiler pressure.

The body and yoke 13 arc cast 
in one piece, and are made extremely 
heavy. A  nickel ring, 3, is secured 
in the iron body, the interior diam­
eter of which is the same as that of 
the interior of the bronze shield 
2, forming a continuous surface 
for the reception of the packing. 
This packing is so placed in the 
ring 3 and shield 2 that it pre­
vents leakage from the inlet to the 
outlet and around the stem; it can 
be adjusted or compressed by the 
nuts to the desired density while 
the valve is in service. The hand 
wheel 14 withdraws the pistons 
with packing from the ring 3
into the shield 2. The shield 2
is operated by the wheel numbered 
11.

rotating the small wheel 14 causes the packing w ith its 
P>ston to rise or open until the shoulder on the follower piston 
strikes the bottom of the hub 12. The packing is now inside 
the shield 2, protected from the blow-off products. Rotation
°f the wheel 11 causes the shield 2 to rise until the shoulder,
just below the thread, strikes the bottom  of the threaded bush- 
lnS "• After having rotated the wheel 11 to open the valve, 
and it is now desired to close it, the shield is rotated until it 
strikes the ring 3. The small wheel 14 is then rotated and 

e packing is returned to fit inside ring 3, making, it is claimed,
e valve absolutely tight. T o open, the small wheel is raised
st> >-0 close, the large wheel is lowered first.

THE INFLUENCE OF SULFUR ON THE STABILITY OF IRON 
CARBIDE IN THE PRESENCE OF SILICON.

The value of the heat treatment of the iron-carbon alloys 
depends m ainly upon the manner in which the cementite and 
pcarlite carbide are affected. Especially is this so in connec­
tion with the alloys richer in carbon, such as the various cast 
irons, and Hatfield (Eng., 95, 683) therefore endeavored to 
make a thorough study of this phase of the subject, as a result 
of which he recorded some experiments made to ascertain the 
manner in which sulfur affects the stability of iron carbide.

The influence of sulfur has received considerable attention 
from the time of Percy onwards, and it is now accepted that, 
providing the other constituents of normal cast irons remain 
constant, any considerable increase in sulfur results in an in­
crease in the combined carbon content— in other words, the 
presence of carbon prevents the entire breaking down of the 
carbides during the cooling of the iron. It is generally under­
stood that in ordinary cast irons the amount of sulfur present 
(rarely exceeding 0.06%) has little influence upon the car­
bon. W fist has published the results of some experiments 
which, however, showed that the influence of sulfur was increased 
by any decrease in the silicon content of the iron. These ex­
periments are considerably amplified by  the data contained 
in a quite recent paper by  Coe (Brit. Foundrymen’s Assn., 1912).

Hatfield concludes from his experimental investigations that:

(1) Sulfur increases the stability of iron carbide at high 
temperatures.

(2) It  is most probably the small percentage associated w ith 
the carbide crystals that accomplishes this action.

(3) Coe’s deduction that the sulfur separates as sulfide at 
the freezing point is not strictly correct, as a  small and essential 
proportion is apparently retained in the cementite carbide.

(4) The action of sulfur is of a  chemical nature, and L e v y ’s 
suggestion that the action is mechanical and is attributable to 
the existence of sulfide films does not receive support.

(5) Silicon in a large measure neutralizes this action of the 
sulfur, probably b y  forming a silicon sulfide.

(6) Manganese neutralizes the action of the sulfur present 
in such materials as mentioned.
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THE ALUMINUM INDUSTRY.

The report, recently issued b y  the Aluminum Industrie 
Gesellschaft, which owns the large works at Neuhausen, Sw itzer­
land, shows net profits for the year of $717,000, against $448,000 
in 1911;  dividends were 20%, against 14%  in 1911. The very 
low prices which prevailed for some time resulted in m any new 
uses being found for aluminum, which favorably influenced the 
development of the industry and enabled the whole Swiss 
production to go into consumption. A  new agreement has 
since been entered into by  the various manufacturers of alum­
inum. The subsidiary industries conducted b y  the Neuhausen 
works, namely, the manufacture of calcium carbide and nitric 
acid, have justified expectations, and extensions are being carried 
out in several directions. The present capital amounts to 
$2,500,000 and there are loans to the amount of $2,070,000.

As to the aluminum industry in the United States, it m ay 
be said that the market during the latter part of 1912 was brisk; 
later the demand has exceeded the supply. The Aluminum 
Company of America has been making serious efforts for some 
time past to increase its production, but has been confronted 
with difficulties in securing an adequate source of supply of 
electric power. It  has, however, secured certain riparian rights 
in North Carolina and Tennessee. The development of this 
water power is contemplated. Until its own power develop­
ment is completed, the Company will use power supplied by  
the Tennessee Power Company from their development on the 
Ocoee River, near Chattanooga; this new aluminum plant 
will, it is planned, be in operation by the middle or latter part 
of 1913. In addition to its extensions in the South, the Alum ­
inum Company is engaged on an extension to its Massena, N. Y ., 
plant, which, when completed in 1914, will make that plant 
the largest of its kind in the world. A  large supply of electricity 
will be brought to Massena from the development on the St. 
Lawrence a t Cedar Rapids.

The Aluminum Company of America has recently embarked 
in the manufacture of powdered aluminum, which is employed 
in explosives, lithographing and printing, and as a  paint pig­
ment; the concern has in operation a t N ew Kensington, Pa., 
one of the most complete aluminum bronze plants in the world. 
This plant was recently moved from Dover, N. J. Tanks, 
cooking vats, and similar vessels are also being made at the New 
Kensington plant; a considerable extension has been made 
to the cooking utensil factory located at this point, and a  thor- 
oughlv modem boiler house is also being installed.

The most notable growth in the industry during the past year 
has been in extruded forms, tubing and aluminum foil. The 
Aluminum Company is planning a  considerable extension 
to its tubing plant a t New Kensington, and is erecting an alum­
inum foil plant a t Arnold, Pa.

ELIANITE.

The electrochemical works of Rossi in Legnano has, for some 
time, been conducting experiments on the production of acid- 
proof alloys, and it  is now announced that it  has succeeded 
in obtaining one cheaply. The new alloy— “ elianite” — is pro­
duced in an electric furnace and is to be used in the m anufacture 
of nitric acid from the air; it is said to differ from similar alloys 
known in that its resisting power is not limited to certain acids, 
and it is a  good conductor of heat. The composition of “ elian­
ite”  is kept secret.

THE INDUSTRIAL USES OF CALCIUM CARBIDE AND 
ACETYLENE.

In an address on the industrial uses of calcium carbide and 
acetylene, and their influence on the development of other 
industries, delivered before the Verein österreichischer Chemiker 
(Z. angt”;\ Chcm., 26, No. 36. 318), Fraenkel referred to a  paper

read by him before the same society five years ago. At that 
time, most of the calcium  carbide was consumed in the produc­
tion of acetylene for illuminating purposes, while very little 
acetylene was used for autogenous welding; now, however, 
as much calcium carbide is employed for the production of 
acetylene for welding purposes as for use as an illuminant. 
The latter application has nevertheless opened up new fields 
for the use of calcium carbide and acetylene, particularly in 
mining and on railroads and steamers.

The development of the autogenous welding industry has 
led to a great increase in the consumption of oxygen. Accord- 
ing to Linde, the German production of oxygen from liquid 
air amounted to 30,000 cubic meters in 1903, while about 2,000,- 
000 cubic meters were produced in 1910; Vogel estimates that 
5,000,000 cubic meters were manufactured in 1912. The 
successful application of acetylene and hydrogen in autogenous 
welding led to the employment of a number of other compressed 
gases and liquids (illuminating gas, oil gas, Blau gas, ethane, 
benzol, benzine, alcohol, etc.) for the same purpose. Fraenkel 
considers, however, that the results obtainable are inferior.

T he production of cyanam ide from calcium  carbide induced 
the establishment of a nitrogen industry. Nitrogen is obtained 
from liquid air by  the piocess of Linde and Claude. Fraenkel 
discussed the production of cyanamide, and predicted still 
further development to the production of ammonia with the 
simultaneous manufacture of formic acid (a suggestion from 
Sulzer). He further anticipated development of the processes 
of Hubou, Machtolf and Morani, for the decomposition of acetyl­
ene into carbon and hydrogen, and of the method of Frank 
and Caro for the preparation ol carbon. Machtolf’s process 
is being operated by the Carbonium Gesellschaft in Fricdrichs- 
hafen, the pure hydrogen obtained being used b y  the Zeppelin 
Gesellschaft and the carbon in the m anufacture of inks and 
varnishes, especially in Russia.

Fraenkel touched upon the production of chlorine derivatives 
of acetylene and appeared to be enthusiastic concerning the 
future of trichlorethylene as an industrial solvent. He pointed 
out that the technical solution of the problem of producing 
acetaldehyde from acetylene b y  the action of water appeared 
to have been successfully accomplished by the Griesheini- 
Elektron A.-G. and Grunstein. T he reaction is accomplished 
best in sulfuric or phosphoric acid solutions, mercury salts 
serving as catalysts. The aldehyde-paraldehyde must be quickly 
removed from the solution in order to avoid polymerization. 
The aldehyde m ay be oxidized to acetic acid or reduced to alcohol.

In  order to obtain cyclic compounds from acetylene, Fraenkel 
recommended the Richard M ayer modification of Berthelots 
pyrogenie condensation; he also commended the process of 
Steinkopf for the preparation of thiophene. Finally, he pre­
dicted that acetylene would be employed in the synthesis of 
caoutchouc: a  m ixture of acetylene and ethylene may be con­
densed a t a red heat into butadiene, w hich can be transformed, 
by  m ethylating, into isoprene.

THE EMPLOYMENT OF LIQUEFIED GASES IN MINING 

AND M ETALLURGY

It is reported in Echo dcs Mines, 1913, 476, that liquid air 
and liquid oxygen are being experimented with in German; 
as mine explosives. Liquefied oxygen, m ixed with aluminum 
powder, and detonated, forms, it  is said, an explosive about 
2l/s times as powerful as black powder, from which there is 
no production of deleterious fumes.

The same journal comments favorably upon the use of l>qul 
air to attain  high temperatures in metallurgical operations. 
I t  is stated that a Thomas furnace is being worked at Ougrec- 
Mari pave b y  injecting liquid oxygen, under pressure, into 
hearth, where it raises the temperature to 2000° C. The clai® 
is made that large quantities can be treated, as with coal or coke,
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much more easily than in an electric furnace; that the reactions 
occur quickly without any change in the modus opcrandi usual 
in steel-making; and that the fusion time is reduced one-half 
and a furnace can double its output. Some trouble has, however, 
been experienced in m aintaining the furnace walls, owing to 
the high temperatures.

THE STORAGE OF INFLAM M ABLE LIQUIDS

At the Seventeenth Annual Meeting of the National Fire 
Protection Association, held in New Y o rk, M ay 13-151 I9 I3> 
about one-half of the report of the Committee on Laws and 
Ordinances was devoted to a  suggested complete ordinance 
to regulate the use, handling, storage and sale of inflammable 
liquids, etc. I t  was explained that this was the completed 
work of several former committees and that the ordinance was 
much desired throughout the United States. Inflammable 
liquids were classified in accordance w ith their flash-point. 
Class 1, the most dangerous, included ethyl ether, carbon di­
sulfide, gasoline, naphtha, benzole, collodion, "hydro-carbon” 
("gas-drips” ), and liquefied petroleum gas. Class 2 embraced 
acetone, alcohol, am yl acetate, and toluol. Class 3, the least 
dangerous, included kerosene, am yl alcohol, turpentine, whisky, 
and brandy. Severe restrictions were placed on the storage 
of Classes 1 and 2, although in a  few minor w ays Class 2 was 
to be treated similarly to Class 3.

Strong objection to the classification on the basis of flash­
point alone was raised b y  those interested in the manufacture 
and sale of alcohol for commercial use. It  was claimed that 
the actual fire hazard was not in proportion to the flash-point, 
which placed alcohol in Class 1, but that it was greatly reduced 
through the lightness of alcohol vapor and its rapid diffusion 
in air to a non-inflammable and non-explosive mixture, together 
with its miscibility, which prevented the burning and vapor­
izing liquid from being scattered b y  water. These disputed 
points are to receive investigation b y  the committee.

[It may be stated on the authority of von Schwartz ("Fire 
and Explosion Risks,”  1904, p. 270) that "in  point of general 
fire-risk, alcohol is far below ether, benzol, carbon disulfide, 
and similar liquids.”  Alcohol between 60 and 99.5%  strength 
is more inflammable than ordinary petroleum; but the vapors 
are far less explosive, since, in order to attain this condition, 
they require to be strongly heated and placed in contact with 
a flame or spark. Special danger attaches to alcohol by  reason 
of its high diffusibility; the stronger the alcohol, the more rapid 
is the dispersion — W . A . H.]

FUEL BRIQUETTING IN THE UNITED STATES 

Fuel briquetting in the United States in 1912 is discussed by 
E. W. Parker in an A dvance Chapter from Mineral Resources 
of the United States for 1912 (U. S. Geological Survey, 1913)- 
Although the quantity of briquetted fuel manufactured in the 
United States in 1912 did not show any material gain over the 
preceding year, the industry m ay be considered as passing out 
of the experimental stage and assuming more of a substantial 
and permanent character. The total quantity of briquetted 
fuel made in this country in 1912 was 220,064 short tons, valued 

$952,261, as compared w ith 218,443 tons, valued a t $808,721, 
in 1911. There were nineteen plants which contributed to the 
production in 1912; of these, 9 in the Eastern States produced 
io7 .i8 i  tons, 7 in the Central States produced 8 9 ,7 1 4  tons, and 
3 on the Pacific Coast produced 23,169 tons. Seven plants 
used anthracite culm, 9 used bituminous or semibituminous 
slack, 1 used carbon residue from gas manufactured from oil, 
1 used mixed anthracite culm and bituminous slack, and 1 used 
Peat. Two plants, 1 at Detroit, Mich., and 1 at Point Breeze, 
Philadelphia, Pa., which were constructed for the purpose of 
principally utilizing coke breeze, were not operated in 1912,

the abrasive action of the coke dust being so destructive to the 
molds and machinery that the plants have been closed.

Among the indications of the interest taken in the briquetting 
industry as promising future development are the following:

1. The organization of the Malcolmson Briquet Engineering 
Co., of St. Louis, Mo., for the purpose of designing, building, 
and equipping briquetting plants, but not for the purpose of 
engaging in the manufacture of briquets.

2. In contemplation, the construction of a  plant for the m anu­
facture of boulets by  the Devillers or Belgian process a t Grafton, 
W . Va., which shall utilize bituminous slack from the mines 
of the Grafton district.

3. In contemplation, the construction of a  plant at Cambridge, 
Mass., by  the A tlas Coal Briquet Co., w ith headquarters in Boston. 
It  is reported that the contract has been closed for the con­
struction and equipment of a  plant similar in design and charac­
ter of output to the one in Brooklyn, N . Y .

4. Under construction, the plant of the Northern Briquetting 
Co., at Minot, N. Dak., for the purpose of utilizing lignite, of 
which ample supplies are available. The plant is expected to 
be in operation in August, 1913.

5. In contemplation, the Pacific Coast Coal Co., Seattle, 
W ash., expects to have a plant completed by October, 1913. 
The character of the fuel and the binder to be used are not 
stated.

“ PAROL”

A  new fuel for use in internal combustion engines has recently 
attracted attention in Johannesburg, South A frica. This gaso­
line substitute, now being marketed under the name of "P aro l,”  
is said (Chem. World, 2, 175) to be made from paraffin by a chem­
ical process and without the use of heat. It  is claimed by the 
manufacturers that, by means of the chemical process employed, 
the property which creates carbon in the cylinders and forms 
soot around the sparking plug is eliminated; the paraffin used 
in all the tests so far is of 150° fire test. The manufacturers 
contemplate going to England in the near future to compete 
in the tests to be conducted by the R oyal Autom obile Club 
for fuels other than petrol.

SOLID ALCOHOL

The methods used in the preparation of solid alcohol m ay 
be classed in three categories {Chem. News, 107, 257).

The first consists in fabricating a solid soap into which alcohol 
is mechanically incorporated; in this manner a translucid product 
is obtained containing 60 per cent of alcohol. Instead of em­
ploying soap as a  vehicle, the alcohol m ay be enriched with 
collodion; the process is more expensive than the preceding one, 
but it gives a more satisfactory product, because of much easier 
combustion and of a more engaging exterior aspect. Usually 
alcohol soaps are delivered by trade in the form of a paste en­
closed in a metal box made in one piece, which can be used as 
a warmer, the cover of which has openings that can be regu­
lated, so as, if need be, to act as moderator to the flame; on the 
contrary, the collodions of alcohol are arranged for sale in the 
form of pills or ovals, almost transparent. Both soaps and collo­
dions are too expensive to be practically utilizable as industrial 
combustibles; their employment is restricted to applications 
of luxury, such, for example, as being burned in toilet-lamps, 
traveling spirit lamps, etc. However, it is not the same for 
the little bricks of sawdust impregnated w ith alcohol and ag­
glutinated with coal-tar that are just now being brought out m 
trade at a low price, and which m ay turn out to be a  practical 

combustible.

‘ BENZOLE AS A MOTOR FUEL

W e learn from The Chemical Trade Journal, 52, 569, that the 
committee appointed by the Autom obile Club and kindred



6o8 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  V o l .  5, No.7

associations is working in a  very cnergetic manner to popularize 
the use of benzole as a motor fuel and also to stim ulate its pro­
duction. Toward the end of May, Lord Montague of Beaulieu 
brought together a number of people interested in gas under­
takings, for the purpose of hearing the proposal of H. L. Doherty, 
of New York, relative to the extraction of benzoic from coal 
gas. Briefly stated, the proposals were to extract the benzole 
from the coal gas for use as a liquid fuel and to supply gas 
having no illuminating power. To quote from the same source: 
"N ow  that the calorific standard for town’s gas is being more 
extensively adopted, and also having regard to the fact that the 
illuminating power is not of itself an important point, the pres­
ence of benzole in the gas is not essential, but whether it would
p ay to extract it from coal gas is quite another m a tt e r  no
one seems to know how much benzole is contained in coal gas 
as produced under existing conditions. If  the quantity is any­
thing less than two and a half gallons per ton of coal,. . . .it 
will be seen that very little margin for profit will accrue to the 
gas works.”

Brewer (Idem, 52, 572) showed, at the m eeting of the Insti­
tute of Inventors, that his experiments with benzole proved 
it to be a suitable carburant.

costly, consequently an inferior leather is more expensive than 
a good leather.

A  NEW  HORN SUBSTITUTE

A  process which combines leather and celluloid has been de­
vised in Germany for the production of a  horn substitute. The 
hide is depilated and then extracted w ith amyl acetate 
and acetone, to remove fleshy m atter and to produce a harden­
ing effect. Subsequently it is coated w ith a solution of celluloid 
in am yl acetate and acetone. W hen the solvent has evaporated, 
the hide is placed in a bath of shellac dissolved in alcohol. It 
is said that hide thus treated is not only similar to horn, but 
also possesses its elasticity and strength; the product is strong 
and light, and is suitable for the m anufacture of trunks, boats, 
and insulating materials.

A NEW  PRODUCT FROM W H ALE OIL

A  German-Norwegian company, capitalized a t about $833,500, 
organized to work a new German method for hydrogenating 
whale oil, commenced operations at Frcdrikstad, Norway, 
in May. The Hafslund Falls are being utilized to generate 
the electric power required by the works and also to manufac­
ture b y  electrolysis the hydrogen required for the hardening 
process to which the purified whale oil is subm itted and con­
verted into a solid neutral fat. The daily consumption of oil 
is about 300 barrels.

[Bomer and Leschly-Hansen (Chem. Rev. Fett. Ind., 19, 218, 
247) hardened whale oil by the method of Wilbuschewitsch, 
according to which the oil is mixed w ith the catalytic agent 
(nickel reduced on kieselguhr) and heated in an autoclave under 
pressure while a current of hydrogen is introduced. The product 
possessed a melting point of 4 5 .10 C.; a solidifying point of 
33.90 C.; an acid value of 1.2; a  saponification value of 192.3; 
an iodine number of 45.2; and a refractometer reading at 40° C. 
of 49.1.— W . A . H.]

THE COMPOSITION OF SOME SOLE LEATH ERS

Investigations conducted b y  Veitch and Rogers (Bull. 
165, Bureau of Chemistry, U. S. Departm ent of Agriculture, 
1913) show that weighting of leathers w ith useless or harmful 
materials is largely practised in this country, w ith the result 
that resources in leather materials are wasted and the public 
is defrauded. A  large m ajority of the samples examined con­
tained an unnecessary quantity of uncombincd tanning m ate­
rial; in fact, Veitch and Rogers estimate that but little  less than 
$t,ooo,ooo worth of tannin is wasted annually in this w ay. 
Sixty-three per cent of the leathers examined were weighted 
w ith glucose, with Epsom salts, or w ith both. The amount 
of loading varied from 1 to 7.3 per cent of Epsom salts, w ith 
an average of 3 per cent; the maxim um quantity of glucose 
in the loaded leathers was 10.4 per cent, and the average 5.5 
per cent. The maximum amount of these loading materials 
found in any leather was 16 per cent and the average where 
both were present was 8 per cent. The results obtained indicate 
that not less than 12,000,000 pounds of glucose and Epsom 
salts are sold annually in sole leather to the Am erican people. 
W ith regard to the weighting of leather, Veitch and Rogers 
conclude that the materials add absolutely nothing to the wear­
ing value of the leather and where present in large quantity m ay 
positively decrease its wear. Shoes made from these leathers 
are readily penetrated by water. Loading makes leather more

SOME INDUSTRIAL USES OF SUGAR

A  list of the industrial applications of sugar, which illustrates 
the great diversity of manufactures in which this product ap­
pears quite apart from food economy, was contributed by 
Rolfe to The Chemical News, 107, 217.

French writers, especially Vivien, have recently made pleas 
for the use of sugar as the cheapest form of pure carbohydrate, 
since it  replaces, in m any cases, glucose, starch and dextrin. 
The French Government imposes a  tax  on sugar and glucose 
products used as human foods, but “ denatured”  sugar is exempt 
from taxation. A s in alcohol denaturation, the substance 
added is, if possible, some ingredient in the special process 
using the sugar. In  France, an excellent quality of sugar known 
as No. 3 white sugar and polarizing over 99 per cent sells, when 
denatured, a t a  lower price than does starch, glucose or dextrin, 
approxim ating w hat the refiners p ay here for raw sugar.

Sugar is a  common ingredient of m any compounds for re­
m oving and preventing boiler-seale, and as these usually contain 
alkali, this is used as a denaturant. The shoe-blacking industry 
uses sugar and molasses to a considerable extent. In Europe 
there seems to be a tendency to use blackings of this older type 
as less injurious to leather than the newer w ax blackings, owing 
to the solvents used in the latter. These shoe-blackings are 
made b y  the carbonization of sugar with sulfuric acid, neutral­
izing the product, and then incorporating boneblack, oil, etc. 
M any tons of sugar are now used by manufacturers of trans­
parent soaps; sugar soaps are less sticky  than glycerin soaps. 
There are over thirty patents for explosives in which sugar is 
a  component to the extent of from 6 to 40 per cent. This use 
of sugar has become so im portant in Germ any that a special 
provision is made in that country for denaturing sugar emplojei 
in the m anufacture of explosives, paraffin being used. In ^  
color and dyeing industries sugar is used as a  reducing 
in indigo and chrome work, as a  base for the manufacture of

for solid 
The

organic chromium salts, and as a vehicle or "filler” 
aniline colors, giving them an attractive appearance. 
European tanneries use large amounts of sugar in "nlhi'g 
leather and, to some extent, in rem oving lime from the hides 
in dehairing. This solvent action of sugar on lime, an£l 
easy recovery of the sugar by  carbonization, has suggested its 
use in several processes where it  is desirable to remove excess 
of caustic lime from calcined minerals, such as phosphates, 
magnesium oxide, etc. Tannin extracts are also “ filled m 
sugar, as they are in the United States w ith glucose. Sugar 
is also used in several chrome tanning processes as a reducer, 
and, as in dyeing, for m aking acetates and formates, 
other uses are in the manufacture of copying inks, pru^15 
rolls, hektograph pads; silvering of mirrors, hardening of inort3f 
and plaster; as a source of pure carbon for use in the manufacture 
of pure carbon monoxide or sulfurous acid; and as a source 
sucrose octonitrate, or nilrosaccharose, a  product analog®15
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to guncotton, sucrose acetate, 
tatc, and sucrosc benzoate.

substitute for cellulose ace-

PAINTS FOR INDICATING THE USES OF PIPES

Engineering, 95, 607, states that in 1911 German engineers 
and metallurgists came to a preliminary understanding that 
it was desirable to m ark pipes carrying certain fluids by  ccrtain 
colors, so as to avoid confusion. The question has since been 
discussed by technical institutions and chemical manufacturers. 
It was natural that conflicting wishes should be expressed, for 
in each works some particular kinds of pipes m ay predominate 
or coexist, and the managers naturally desire to make certain 
distinctions particularly easy. The m ajority of authorities 
have, however, now „agreed that the following colors should 
be used for the following purposes: W ater, green; gas, yellow;
air, blue; steam, white; acid, pink; lyes, violet; oils, brown; 
tar, black; and vacuum, gray. I t  is recommended that pipe 
conduits for high tension electric currents be marked red, like 
acids, as red would be the danger color; the forked-lightning 
arrow might be added as a distinctive mark. It  is proposed 
that an ordinary steam-pipe should be white; a red ring would 
indicate a pressure of more than 2 atmospheres; 2 red rings, 
high-pressure superheated steam; and a green ring would dis­
tinguish the exhaust-pipe. A  dark red ring on a pink or violet 
acid or lye pipe would intim ate that the acid or lye carried was 
concentrated. A  black ring would stand for carbon or an im ­
purity; a tar-oil would be brown w ith a  black ring; a refusc- 
water pipe green w ith a  black ring. Pipes for ordinary gas or 
for purified blast-furnace gas would be painted yellow; the red 
ring might indicate coke-oven gas, the black ring blast-furnace 
gas not purified, the green ring water-gas, the blue ring producer- 
gas, etc. In blue air-pipes the red ring would indicate high pres­
sure, a white ring hot air. Potable w ater pipes m ight be green 
with white dots; pipes carrying slimes, green w ith black dots. 
Letters might be employed to distinguish different gases and 
liquids. Small iron labels or rings a few' inches in w idth, properly 
colored and then varnished or enameled, would cause much 
less expense. It is the opinion of German engineers that enam­
eled rings, directly clamped around the pipes, are most con­
venient.

produce intimate mixtures. The construction is shown in the
accompanying figures.

This pulverizer Ls claimed to be more efficient than any other 
type 10« the following substances: chemical products, mineral 
colors, dyes, feldspar, barite, ores, chalk, gypsum, clay, white 
lead, lithopone, ultramarine, resins, saltpeter, salt, lime, coal,

A SELF-EQUALIZING EXPANSION JOINT

The "Badger”  self-equalizing expansion joint is a  corrugated 
copper joint having external rings and is designed to take up 
changes in length of pipe lines conveying steam, water or air. 
The external rings on the corrugations distribute the strain 
and by thus bringing m any corrugations into service no one 
of them is called upon to take more than its share of the strain. 
The rings force a part of the strain to the next corrugation, 
and, as each corrugation has only a slight movement, the joint 
is said to last almost indefinitely. The number of corrugations 
depends upon the pressure and upon the length of the joint. 
For high pressures and superheated steam the change in length 
is considerable, and, therefore, more corrugations arc used; 
for very low pressures, as in exhaust piping, 2 or 3 are. sufficient 
for the slight alteration in length. In some cases where the 
expansion is small but the vibration must be taken up, the 
joint does not require any external rings; these, however, add 
strength and also stiffen the exhaust pipe against collapse. 
This new joint is said to require no packing and to take up no 
more room than a pipe fitting.

A NEW T Y P E  OF PU LVER IZER

A German firm has placed on the m arket a  pulverizing machine 
with conical cylinders, and constructed in such a manner that 
it is dust-proof and perfectly autom atic. It is designed to grind 
substances to a fine state of subdivision and to simultaneously

cement, sand, coke, cork, flour, manure, graphite, chamotte, etc. 
I t  is claimed that the machine is particularly useful for m ixing

aniline dyes with vegetable dyes.
The material is charged into the conical drum by w ay of a 

fixed hopper. A t  the base of the drum is a  scoop which returns 
the material to the drum at every revolution, thus effecting 
intimate grinding and mixing. A  man-hole is provided on the 
side for cleaning the interior of the drum.
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THE LOW  GAS PRODUCER AND ENGINE

A . M. Low has invented a self-contained unit for the direct 
conversion of coal energy into work; it is essentially a producer- 
gas engine with a compact gas producer attached to the end of 
the cylinder. The illustration shows a 100 h. p. unit, which is 
said to have developed a brake horsepower-hour on '/ , lb. of 
coal.

Coal is fed into the hopper A , from which it  is conveyed by 
four worms through the heater tubes T . These tubes pass 
through the gas chamber G, connected with the inlet valve, 
the exhaust-heated chamber E , the combustion chamber C, 
and open into the ash and soot chamber S . The latter is fitted 
with a  non-return valve, which admits air or a  m ixture of steam 
and air to the tubes. This air is drawn b y  the suction of the 
engine over the incandescent coal, maintained in this state by  
the heat of chambers C  and E , and passes through holes in the 
tubes T  into chamber G. It  is b y  this time mixed w ith the gases 
given off from the incandescent coal, and the m ixture passes

from chamber G through the inlet valve into the cylinder of the 
engine.

In starting, the coal is brought up to incandescence by  running 
for a few minutes on illuminating or other available gas. The 
feed of the worms, which are driven through gearing at the right, 
m ay be adjusted to suit the load, and the coal, after it  has given 
off all its gas, is discharged as ash into the bottom  of the ash 
chute 5 .

Trouble from the formation of tar, which m ight have been 
expected, has not been experienced, as the tar is not gasified, 
but passes entirely off as a fine yellow dust. The rapid heating 
of the coal in small quantities causes this, and the high tempera­
ture and relatively low compression, about 90 lb., prevent con­
densation and precipitation in the engine passages.

A NEW  TYPE OF RECORDING DIFFERENTIAL PRESSURE 
GAUGE AND RECORDING FLO W -RATE M ETER.

The new float type Bristol recording differential pressure 
gauges are designed to record differential pressure or differ­
ences between two pressures, or to record changes of level of 
liquids in closed spaces under pressure.

One of the special features of these new float type recorders 
is that they can be constructed to accurately record on charts 
having scales graduated uniformly in terms of velocity or vol­
umes of air, gases, steam or liquids flowing. Another special 
feature is their ability to withstand sudden fluctuations of 
differential or static pressure and at the same time produce 
accurate records of rate of flow of volumes or quantities of 
liquids or gases flowing. These float type recorders are made 
for both high and low ranges of differential pressure, and m ay 
be subjected to either heavy or light static pressures.

Am ong the numerous applications for recording differentia! 
pressure gauges, some of the most im portant are for recording 
rate of flow of air, gases, steam, w ater and other liquids, in con­
nection w ith P itot tubes, Venturi meters, orifices, nozzles, and 
combinations of P itot tubes and orifices or nozzles.

The extreme sim plicity of construction and the absencc oi

m ultiplying devices and all other complicated mechanisms 
m ake these recorders especially suitable for practical service 
under ordinary operating conditions in manufacturing plants 
and industrial works, such as steel works, blast furnace plants, 
power plants, gas works, by-product coke plants, water works, 
natural gas systems, chemical works, etc. The accompanying 
figure shows a  cross-sectional diagram m atic sketch outlining 
the fundam ental principles of construction and operation of 
one model of float type recording differential pressure gauges. 
It  will be noted that there are two pressure chambers, A and B, 
intercomm unicating through the’ connection C. In this way 
the pressure casing forms a U  tube, and the liquid employed 
for low ranges of differential pressure is sometimes water and 
the liquid employed for high ranges of differential pressure is 
usually m ercury. In  the pressure casing A , a cylindrical float, 
D, is outlined, and this is connected rigidly by  arms to the shaft 
F , to which the pen arm  G is rigidly fastened. The rise and fall 
of the liquid in the pressure chamber A , therefore, causes the 
float and pen arm  to m ove about F  as an axis. The dynamic 
or high static pressure is applied to the surface of the liquid 
in the compartment B  through the pipe I and the low static 

■ pressure is applied to the surface of the liquid in the compart­
ment A  through the pipe H . W hen the static and dynamic 
pressures are to be applied, the by-pass L  is first opened, and 
then the valves J and K  are opened, and later the by-pass L 
is closed, so that the difference between the two pressures acting 
on the liquid in the compartments A  and B will produce corre­
sponding differences of its level in these compartments, thus caus­
ing the pen to record the differential pressure.

B y  making the cross section of the pressure chamber B of 
certain proportions, as indicated, it is possible to producc a 
scale whose graduations are uniform for e q u a l  increments of fl°'T 
of volume. The Bristol-Durand R adii A veraging I n s t r u m e n t  

m ay be used on chart records obtained from this instrument for 
integrating the total flow during a  period of 24 hours.

THE STATUS OF T H E 'C E R E SIN  INDUSTRY

The present condition of the ceresin industry is discussed b) 
L ach in Chemiker-Zeiiung, 37, No. 56, 573.

Owing to  the high price of Galician ozokerite, the cereim 
industry' is in a serious position; the m arket price of ceresin has
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advanced and accordingly the consumption has decreased. 
Recently two innovations having a technical bearing upon the 
ceresin industry have appeared. One is a variation in the 
process of manufacturing potassium ferrocyanide; the other is the 
introduction of magnesium hydrosilicate as a decolorizing agent. 
It has been demonstrated a t the "F rankon it”  works of the 
Pfirschinger Mineralwerke G. m. b. H., a t Kitzingen on Main, 
and at the "Tonsil”  works of the Tonwerke Moosburg, A . & 
M. Ostcnriedcr, in Miinchen, that the ceresin bleachcd with 
silicate is superior to that decolorized w ith bone-black; this 
may be accomplished at one-half the cost. Partially refined 
ceresin is treated only once with Concentrated sulfuric acid, 
and a finished product is obtained by treatm ent w ith 3 to 5 
per cent of "Tonsil,”  instead of subjecting ozokerite to two 
treatments with sulfuric acid, thereby occasioning a loss of 20 
per cent.

HORTON GAS-ENGINE PACKING

A new packing for large gas-engines has been designed by 
James Horton, of the Carnegie Steel Co. I t  is claimed that 
excessive friction and wear on the piston rod is eliminated by 
preventing the closing of the collapsible ring under excessive 
pressure.

As shown herewith, the packing rings proper C  and D  are 
in contact with the rod. T hey are placed in grooves, the walls 
/I and B  of which are free to m ove in line w ith the rod and thus

PROF. DR. PAUL W ALDEN, PRESIDENT OF THE NINTH IN­
TERNATIONAL CONGRESS OF APPLIED CHEMISTRY

By George Frederick Kunz 
R eceived Jaii. 11, 1913

At the Eighth International Congress of Applied Chem istry, 
held in New York, last September, the celebrated chemist Prof. 
Dr. Paul Walden, of R iga, was selected to serve as president 
of the Ninth Congress to be held in St. Petersburg in 1915. 
No more fitting choice could well have been made, for the 
great and important services rendered by Prof. W alden to the 
progress of chemical science are universally acknowledged in the 
scientific world.

Born near Riga in the province Livonia, July 27, 1863, the 
new president is by  birth a Russian, although of German blood. 
His early education was obtained at the Real-school in Riga, 
2nd later at the Riga Polytechnicum . Here he had the privilege 
of studying under the great Ostwald, then professor of chemistry 
at t̂ s institution, and he was soon recognized to be one of the 
most apt and brilliant pupils of his master. In 1885, he was 
appointed assistant in the departm ent of physics, and in 1888 
in that of chemistry. The year 1892 saw him privatdocent, 
and two years later he became professor of analytical and 
physical chemistry. He is now, and has been since 1896, assistant 
professor of inorganic and physical chemistry and a director of 

e Riga Polytechnicum. On Ostw ald’s resignation of the 
professorship of chemistry there, Walden became his successor, 
and he still holds this position. His degree of Doctor of 

lilosophy was given him at Leipzig in 1891; in 1893 the degree 
° Master of Chemistry was conferred upon him at Odessa. 

en followed the degree of Doctor of Chemistry from the 
niversity of St. Petersburg, and that of Doctor of Engineering 

i? m Riga Polytechnicum. H e has laboratories both in 
and in St. Petersburg.

Russia has not failed to honor the attainm ents of one of her 
greatest citizens, W alden having received m any important 
V i T *  decorations. He is commander of the Order of 

Th 'R1*r aS as those 01 St. Anne and of Stanislaus. 
e ussian Academ y of Sciences has elected him one of its

bind the packing rings against forcible closing a t the time of the 
highest pressure in the cylinder. In practice it is found that 
this side clamping of rings does not affect the scaling quality

lio n  P a c k in g  fou  G a s  E n o ix k

of the packing, as contact w ith the rod is sufficient to  prevent 
the passage of gas, but y et so light that wear cannot be de­
tected on the rod. A ll rings and corresponding- parts of the 
packing are interchangeable.

members, and he is also an honorary member of the London 
Chemical Society. He was the Imperial Russian delegate to 
the Eighth International Congress of Applied Chemistry.

Prof. Walden’s thorough command of a number of spoken 
languages will greatly facilitate the performance of his duties 
as presiding officer of the International Congress. Russian, 
French, German and Livonian he speaks fluently, and he is 
thoroughly familiar with English and Italian as well. His 
quiet, dignified manner, coupled w ith a large share of mental 
and physical alertness, can also count as an important asset. 
Some five feet eight inches in height and weighing about 175 
pounds, with blue-gray eyes and fine teeth, and wearing his hair 
brushed high up on his forehead, his appearance is very pre­
possessing. When addressing an assembly, his words come 
readily and his forceful, direct delivery brings them home to his 
hearers. His thought seems to clothe itself spontaneously 
and naturally in well-chosen and effective words and phrases; 
there is no touch of am biguity in his clear-cut sentences and they 
always convey to his auditors the strictly logical sequence of his 
ideas and deductions, convincing them that his statements are 
the outcome of ripe reflection and dictated b y  sound judgm ent.

It  is for his extended investigations in the field of stereo­
chemistry, and for his more recent epoch-making work on non- 
aqueous solutions, that Prof. Walden is best known. H e 
began his scientific career, under the inspiration of his great 
teacher, Ostwald, with a series of investigations directed to the 
determination of the constitution and molecular weights of 
salts in aqueous solution by means of electrical conductivity 
measurements.

A fter Ostwald left Riga for Leipzig, W alden turned from 
physical chemistry to organic chemistry. First in collabora­
tion with his teacher and colleague, Bischoff, and later in­
dependently, he carried on a long and important series of re­
searches in the field of stereochemistry. Conspicuous among 
the achievements of Walden during this period m ay be men­
tioned his collaboration with Bischoff in the preparation of the 
well-known "H andbuch der Stereochemie," the discovery of the 
important phenomenon since known as W alden’s inversion, and
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the recognition of the bearing of the optical a ctiv ity  of natural 
petroleums on tlicir origin and mode of formation. In 1904 
W alden summed up the then state of knowledge of stereo­
chemistry in a notable lecture delivered before the German 
Chemical Society.

More important, however, than his work in the fields of 
stereochemistry are his investigations upon non-aqucous solu­
tions. Beginning in 1900 with the discovery of sulfur dioxide 
as an electrolytic solvent, his work in this field continued un­
interruptedly to the present time and has included a  detailed 
study of the physical properties of solutions in practically 
every available solvent, organic and inorganic.

The electrolytic dissociation theory' of Arrhenius had its 
origin in the exceptional behavior of w ater solutions as con­
trasted with solutions in 
non-aqucous solvents, and 
while certain non-aqucous 
solvents at the time Walden 
began his work were known 
to form solutions which arc 
conductors of electricity, the 
data at hand could not be 
brought into harmony with 
the general laws which had 
been developed in connection 
with the study of aqueous 
solutions. Indeed, it was 
pretty generally believed that 
these laws did not apply to 
non-aqucous solutions.

It is to Walden, more than 
to any other contributor to 
the knowledge of solutions, 
that ercdit is due for show­
ing that instead of being 
limited in its scope, the elec­
trolytic theory of Arrhenius 
is applicable to all electro- 
lytic  solutions without ex­
ception, nou-aqueous as well 
as aqueous.

\\ olden has given his ex­
ceptional talents a lm ost,'ex­
clusively to the development 
of pure chemistry. He has 
contributed little or nothing 
directly to applied chemistry.

Aside from his purely 
scientific activ ity  Trot. W al­
den has found time to write 
several biographical sketches 
and memoirs of noted scien­
tists of our day, these 
studies being marked bv
kecn and critical insight, b y  a thorough comprehension of the 
special endowments and qualifications of the men, and b y  a 
luminous exposition of the great scientific truths which they 
proclaimed and illustrated, Berthelot and thermochemistry, 
Pasteur and the genn theory of disease, the Russian M cnddeeff 
and the periodic system of the elements, have all been brought 
nearer to the reader’s understanding b y  W alden’s  biographical 
memoirs.

"1 he most important and significant of these studies, however, 
is that devoted to the life and w ork of his venerated m aster 
and friend, the videlv-;am ed physical chemist and philosopher, 
\\ iihemi Ostwalc, Here it  was indeed a  labor of love that 
\\ aloen performed, ar,d so well has he done his 'work that Gst- 
w aja h-.r.'.sc': has been heard to say  that a full half of his great

P R O F . D R . P A t 'L  W ALDEN'

reputation could be ju stly  ascribed to the influence exerted by 
this sym pathetic study of his career and activities.

In addition to the very extensive original work of Prof, 
Walden, he has enriched Russian scientific literature with several 
translations of noteworthy scientific productions into that 
language. Such, for instance, as Fischer’s "Anleitung zur 
Darstellung organischer Präparaten,”  and the “ Lowell Lec­
tures” delivered by the renowned chemist J. H. van’t Hoff.

Possessed of such wide and varied attainments as is Prof. 
W alden, he seems to be an ideal choice for president of the 
N inth Congress. Many qualifications not often united in the 
same individual are most essential for success in such a position. 
The delegates, coming as they do from all the principal countries, 
represent not only the scientific culture of these lands but also

the diverse endowments and 
characteristics o f  many 
nationalities and races. To 
bring about among them a 
harmonious interaction in the 
true interest of science is not 
always an easy task, but it is 
one that m ay perhaps be 
b e s t  accomplished by a 
scientist having the intimate 
knowledge of the art of com­
bining chemical elements 
possessed by Prof. Walden, 
and we are fully confident 
that all_the delegates of the 
coming congress will find in 
him one whose devotion to 
pure sciences has in it no 
touch or stain of national 
partiality' or prejudice. The 
question as to the number of 
official languages, whether 
three or four, to be used in 
the N inth Congress, came up 
before the Eighth Congress 
and the decision favored the 
recognition of the four lan­
guages, English, French, Ger­
m an and Italian.

O f great importance to 
the scientific world "as the 
recommendation b y  the 
Eighth Congress that 311 
agreem ent should be reached 
providing that the atomic 
weights recognized by one 
of these triennial Congresses 
of Applied Chemistry should 
be regarded as standards ufl 
til changed b y  a succeeding 

congress. T h is would be a  means of securing uniformity in 
industrial and scientific uses. A  standard governmental eX 
animation of ores, m etals and fuels was also strongly ad'<>̂  
cated as of prime im portance for mine owners, as well as . 
all distributors and consumers of m ining products.

W hen the N inth International Congress assembles in 
Petersburg in 1915 , a  number of questions touching the organize 
tion and management of this assem bly will come up for ® • 
si deration, such as the proper placing of the international e 
gates and the proper assignment of the papers to be rea 
order to determine the due attribution of priority to one na _ 
or another in reference to scientific or industrial disco' 
o f which so m any are constantly being announced in this 
feverish a ctiv ity  in all departments_of science and o  u

S t .
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Another subject for consideration will be the founding of a 
Congress of Congresses w ith its headquarters at the Hague.

In accepting the presidency of the Ninth International Con­
gress Prof. Walden spoke (in German) as follow s:

“The choice which has just fallen upon me is a distinction of 
an altogether exceptional kind, and also a task of an exceptional 
kind. On behalf of Prof. Konovaloff, who is absent, and who 
will assuredly regret his inability to take part in our common 
celebration, I  can express to you only his thanks and his un­
doubted acceptance. In  m y own case, however, I  realize mixed 
emotions. I say to m yself: ‘ Much honor, much work; m any 
disappointments, m any gray hairs 1’ In  accepting this choice, 
we are fully aware that our powers will prove insufficient to do 
full justice to the duties entailed, but we see therein an honor 
rendered to our fatherland and to the great men, the great 
chemists of our country. I need recall to your minds only a 
few names; that of Lomonossoff, who 160 years ago laid the 
foundation of modern chem istry; that of Grotthus, a Russian 
chemist of a century ago; that of Hessen, also a  chemist; and 
finally I name to you our great fellow-countryman, recently 
deceased, Mendelieff, the creator of the periodic system of the 
elements. I assume that the honor you have just accorded to 
our fatherland is also addressed to these great men. W c are the 
inheritors of the deeds these men accomplished. I t  is not the 
mind alone that rules congresses, the heart also must have its 
say. Of the scope of m y mind, I  am, naturally, not qualified 
to speak, but in what concerns m y heart, in w hat concerns m y 
ardent wish to do m y best to give you the best possible re­
ception, as to this I  believe I can safely speak, as to this I shall 
willingly and gladly compete w ith the gentlemen who have 
received us in former congresses, and if three years hence, in 
transmitting my office into other hands, I  m ay perhaps be able 
to speak in m y turn w ith the sunny humor of our president of 
to-day, then I shall be content. I  th an lcyou.”

The following list embraces the principal works and articles 
published by Prof. Walden, and testifies to his tireless activity  
in the domain of physical chem istry:

"Die A ffln ltä tsgrössen  e in ig e r  o r g a n is c h e n  S ä u re n .”  (D isserta ­
tion), 73 pp., 8vo, Leipzig, 1891.

“Versuch, zur U n te r su c h u n g  d er o s m o t is c h e n  E r s c h e in u n g ”
(Magisterial dissertation in R ussian ), 66 p p ., R ig a , 1893.

"Handbuch der S te r e o c h e m ie ,”  F ra n k fu r t  a /M , 1894, [3] +  16 +  
1060 pp., ¡11., 1 port., 8vo. ( In  co llabo ra tion  w ith  C arl A dam  Bischoff.) 

"Louis P asteu r”  (b iography in  R ussian ), 24 p p ., 8vo, R iga , 1896. 
"M aterialien z u m  S tu d iu m  der o p t is c h e n  I s o m e r le ”  (d issertation  

¡»Russian), 134 pp., 8vo, S t. P e te rsb u rg . 1898.
"W ilhelm  O strw ald ,”  v ii +  120 p p ., p o st., 8vo, Leipzig, 1903.

T r a n s l a t io n s  in t o  R u s s ia n  
W . Ostw ald : " W is se n s c h a ft l ic h e  G r u n d la g e n  der a n a ly t is c h e n  

Chemie, 160 pp ., R ig a , 1896; " U e b e r w In d u n g  d es  w is s e n ­
sch aftlichen  M a te r ia l is m u s ,”  26 p p ., 8vo, R ig a , 1896; “ T a ­
bellen zur q u a lita t iv e n  A n a ly s e ,”  24 p p ., 8vo, R ig a , 1897.

E. F isc h er : “ A n le itu n g  zu r  D a r s te l lu n g  o r g a n isch er  Präpara­
ten ,” 83 pp., Riga, 1897.

3- H. van’t  H o f f : “ A c h t  V orträge  ü b er  p h y s ik a l is c h e  C h e m ie ,”  
87 pp., 8vo, 1903.

Development an d  A c t iv i t y  o f th e  C h e m ic a l L ab o ra to ry  a t  th e  
Elga P o ly te ch n icu m  (in  R ussian ), 12 p p .,8 v o , Moscow (from  th e  
"Lomonossonskij Sborn ik” ).

A r t ic l e s  i n  P e r io d ic a l s  
Berichte der deutschen chemischen Gesellschaft:

Isom erieverhältnlsse in  d er Stilben gru p p e”  (w ith  A. K ernbaum ) 
4 PP., Vol. xxiii, 1890.

"Tetr ln säure, O x y te tr in sä u r e  u n d  ih r e  H o m o lo g ie ,”  14 pp .. Vol.
=«iv, 1891.

"Vermeintliche o p t isc h e  A c t iv i tä t  der C h lora lsäu xe , u n d  ü b er  
optische-actlve H a lo g e n b c r n s te ln s ä u r e .”  5 pp .. Vol. x x v i, 1893. 

 ̂E le lno lsäu re  u n d  D e r iv a t iv e ,”  8 p p ., Vol. x xv ii, 1894. 
Optlsch-active H o lo g e n v e r b in d u n g e n ,” 10 an d  7 pp., V ol.xxv iii, 

1895.
Gegenseitige U m w andlungen o p t isc h e n  A ntipoden,”  47 pp., 

„p '  ols- xxix. XXX, and  xxxii.
''haracterlstlk o p t isc h - iso m er e r  V e r b in d u n g e n ,"  16 pp., Vol. 

« ix ,  1896.

Vol. x x x , 1897. “ K r y s ta llfo r m  o p t isc h -a c t iv e r  K ö rp er ,” 6 pp . 
“ S tere o iso m er ie  C h lo r b r o m b em ste in sä u r e n ,” 6 pp. “ N e u e s , 
d ie  D r eh u n g sg rö sse  s te ig e r n d e s  M it t e l ,” 7 pp. “ O p tisch er  
V e rh a lte n  d es  T a n n in s ,” 6 pp .

Vol. xxxi. 1898. “ A u to r a c im is ir u n g ,” 7 p p . “ V e r m e in t lic h e  I d e n t i­
tä t  d es  T a n n in s  m i t  der a -D ig a llu ss ä u r e ,” 8 pp.

■Vol. xxxii, 1899. " S p a ltu n g  r a ce m lsc h e r  V e rb in d u n g e n  in  ih re  
a c t iv e r  B e s ta n d te ile ,” 3 pp. “ V e rh a lte n  der 1-A epfelsäure  
b e im  E r h itz e n ,” 15 pp . “ N e u e s , a n o r g a n is c h e s  io n ls ir e n d e s  
L ö s u n g s m it te l ,” 9 pp . “ O p tisch e  D r e h u n g  der A ep fe isä u re  
im  fr e ie n  u n d  g e lö s te n  Z u sta n d e ,” 13 pp.

Vol. x x x iv , 1901; “ B a sisc h e  E ig e n sc h a f te n  d es  O,” 17 pp.
Vol. x x x v , 1902; “ D as m e h r w e r th ig e  0 , ” 9 p p . ;  “ B a sis c h e  E ig e n ­

s c h a fte n  d es  C,” 14 p p .; “ N itr o a e p fe lsä u r e -  & N ltr o w e in -  
sä u r eester ,” 8 p p .; Vol. xx x v i, 1903; “ S o g e n a n n te  D ln it r o -  
w e in  sä u reester ,” 3 p p .; " D ie  E ster  der K lc in o ls ä u r e ,” 12 pp .

Liebig’s  "Jahresbericht der Chemie,"
" O p tisch e  I s o m e r ie ,” 80 pp ., 1896-97.

Lorenz's "Z eitschrift fü r  anorganische Chemie .”
" Z u sa m m e n g e se tz te  K h od an - u n d  C y a n v e r b in d u n g e n ,"  5 pp ., 

Vol. xxx iii, 1900.
" A n o r g a n isc h e  L ö s u n g s -& I o n ls lr u n g s m it te l ,"  43 p p ., Vols. x xv  

and  xx ix , 1900, 1902.
" F lü s s ig e s  SO* a ls  L ö s u n g s m it te l” (w ith  M. C entnerszw er), 106 pp .. 

Vol. x x x , 1902.
M eyer, " J .  praktische Chem ie."

" E in f lu ss  der E le m e n te n  a u f d ie  o p t isc h e  A c t iv i tä t  d es  A m y l­
a lk o h o ls ,"  4 pp., Vol. lix , 1899.

O stwald, "Z e itschrift fü r  physikalische Chem ie."
* “ B e s t im m u n g  der M o le k u la r g r ö sse n  v o n  S a lzen  a u s  der e le k ­

tr is c h e n  L e it fä h ig k e it  ih rer  w ä ss e r ig en  L ö su n g e n ,” 50 pp-. 
Vol. I  and I I ,  1887, 1888.

" A ff ln ltä tsg r ö sse n  o rg a n isch er  S äu ren  u n d  ih r e  B e z ie h u n g  z . 
C o n s t ltu t . ,” 71 p p .. Vol. viii, 1891.

Vol. x . 1892, " T rica rb o n sä u ren ,” 17 p p .; “ M o n o c a rb o n sä u r en ,”  27 
pp. ;  “ D if fu s io n se r sc h e in u n g e n , u n d  N ie d e r s c h la g s m e m ­
b r a n e n ,”  34 pp.

Vol. xv , 1894, " O p tisch e  D r eh u n g e n  d er I o n e n ,” 13 p p .; "O p­
t is c h e  D r e h u n g e n  e in ig e r  D e r iv a te  des a c t iv e n  A m y la lk o ­
h o ls ,” 28 pp . •

Vol. xvii, 1895 , “ O p tisc h -a c t iv e  D e r iv a te  der B er n s te in sa u r e ,
22 p p . ; “ I d e m , der P h en y le ss ig sä u re  u n d  O p tisch e  S u p erp o si­
t io n ,” 20 pp.

Vol. X X , 1895, “ O p tisch e  D r eh u n g e n  s te re o iso m e re r  V e rb in d u n ­
g e n  ” 12 pp  • " E in f lu ss  der B in d u n g  a u f das o p t is c h e  D re- 
h u n g s-V e r m ö g e n ," 17 pp. " F lü s s ig e s  S c h w e fe ld io x y d  a ls  
L ö s u n g s m it te l” (also in B ulle tin  de l’A cad ö n ie  Im p ir ia le  des 
Sciences de S t. P etersburg , Vol. x v , No. I ,  1901), w ith  M. Cent- 
n e r s z w e r ,  84 pp .. Vol. xx x ix , 1902. " V e rb in d u n g e n  d es  S ch w e­
fe ld io x y d s  m i t  S a lz en ” (w ith M. C entnerszw er). 37 p p .. Vol. 

xlii, 1903.
"U eb er  a b n orm e E le k tr o ly te ;” Z . Physik. Chemie, Vol. xliii, pp .

385-464, Leipzig, 1903. t>. t  -r
"U eber o r g a n isch e  L ö su n g s- u n d  I o n ls ir u n g s m lt t e i ,  F t.  I ,  Z. 

Physik. Chem., Vol. x lvi, pp . 103-188; Leipzig. 1903; F t .  I I :  M es­
su n g e n  der e le c k tr isc h e n  L e it fä h ig k e it ,”  op. c it„  Vol. liv , pp .
129-230  1906- P t .  I I I :  “ In n e r e  R e ib u n g  u n d  d eren  Z u sa m m e n ­
h a n g  m i t  d e m  L e itv e r m ö g e n ,” op. c it.. Vol. lv , pp. 207-249; P t .  
IV : “ E b u llio sc o p ls c h e  M es s u n g e n ,” op. c it.. Vol. lv , pp . 281-302; 
P t  V- L ö su n g sv e r m ö g e n ,” op. c it., Vol. lv , pp . 683-720; P t.  V I:
“ L ö su n g sw ä rm en ,"  op. c it., Vol. lviii, pp . 479-511 1907; F t _ V I I :
" L ö su n g s- u n d  D ls so c la tlo n sw ä r m e n ,” op. c it., Vol. hx , pp . 192-211, 
ioo7- P t  V III -  “ L ic h tb r e c h u n g s v e r m ö g e n  u n d  e le k tr o ly t is c h e  
D is s ö c la t lo n ,” op. cit., Vol. lix, pp. 385-415; F t.  IX :  “ E lek tro -  
s t r ik t io n ,” op. c it., Vol. ix , pp . 87-100; P t .  X :  “ L ö sen d e  K r a ft  u n d  
D ie le k tr iz itä ts k o n s ta n te ,” op. c it., Vol. lx i, pp . 633-639, 1908.

“ U eb er a b n orm e E le k tr o ly te ,” Z . physik. Chem., Vol. xliii, pp . 3 8 5 -

46“ A u s d e h u n g sm o d u lu s , sp e z if isc h e  K o h ls io n ,  O b erfläch en sp an ­
n u n g  u n d  M o lek u la rg rö sse  der L ö s u n g s m it te l ,” Z . physik . C hem .. 
Vol lxv , pp. 129-225, Leipzig. 1908.

“ U eb er d en  Z u sa m m e n h a n g  der K a p i l l a r i t ä t s k o n s t a n t e n  m i t  
der la te n te n  V e rd a m p fu n g s w ä rm e  der L ö s u n g s m it te l ,  Z . physi . 
Chem., Vol. lv , pp . 257-288, Leipzig, 1909.

“ B eiträ g e  zur K e n n tn is  der D ie le k tr iz itä ts k o n s ta n te n  v o n  L os- 
u n g s m T t t e t n ! " .  Physik. Chem.. Vol. Ixx, p p . 569-619, Leipzig. 1910.

"U eber d ie  e le k tr o ly t is c h e  L e it fä h ig k e ite n  n ic h tw ä ss e r ig e  L os­
u n g e n  b e i t ie fe n  T e m p era tu ren ,” Z . Physik. Chem., Vol. lxxm , pp .

2 ” u e Ä f g e 9ä b n o rm e T em p e ra tu r k o e ff iz ie n ten  der m o le k u l­
aren  O b e rf lä c h e n e n e rg l e ,” Z . Physik. Chem.. Vol. lx xv , pp . 555 577,

LC(Wifh  ̂R .° Swinne) " B e iträ g e  z u r  K e n tn is s  der K a p illa r itä ts k o n -
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E ta n te n  v o n  f lü s s ig e n  E s t e r n , ”  Z . Physik. C han ., V ol. lxx ix , pp . 
700-758, Leipzig, 1912.
R iga, "  Corres pondenzblatt," Journa l of the "  N aturforscher-Verein,"  Jub ilee  

Volum e, 1S95.
" E l e k t r o c h e m ie  ln  d e r  T e c h n ik ,”  16 pp.
Sklarek’s " Naturwissenschaftliche R und sch a u .-”
“ F ü n f u n d z w a n z ig  J a h r e  S te re o c h e m ls c h e r  F o r s c h u n g e n ,”  16 pp., 

Vol. xv , 1900, S t. Pe tersbu rg ;
“Zhurna l Russkavo Fisico-K him icheskavo O bshchesita” (Journal o f the 

R u ssia n  Physicoclievtical Society).
“ V e rg le ic h e n d e  U n te r s u c h u n g  d e r  E e a c t io n e n  w e lc h e  z u r  E n t ­

d e c k u n g  d e r  S a lp e te r s ä u r e  v o r g e s c h la g e n  s i n d ,”  13 p p ., Vol. 
x ix , 1887,

“ C o n s t i t u t i o n  v o n  D e m a r g a y ’s S ä u re n ,”  20 pp .. Vol. x x ü i, 1891. 
“ R e s u l ta te  d e r  U n te r s u c h u n g e n  d e r  D e r iv a te n  v o n  m o n o -  u n d  

d i s u b s t l t .  a -O x y s ä u re n ”  (w ith  C. A. BischolT), 15 pp ., Vol. 
x x v i, 1894.

“ O p tis c h e  I s o m e r ie ,”  I :  " A c t iv e  D e r iv a te  d e r  C h lo r fu m a r s ä u re  
u n d  d a s  D re h u n g s v e r m ö g e n  d e s  T a n n in s , ”  20 pp . I I ;  
“ O p tis c h e  A c t i v i t ä t  d e r  H a lo g e n v e r b l n d u n g e n ,”  43 pp. 
I I I :  " M e th o d  d e r  U m w a n d lu n g  o p t is c h e r  A n t ip o d e n ,”  34 
pp . IV : “ H y p o th e s e  v o n  P h .  A . G u y e ,”  28 p p .. Vol. x x x , 1898.

“ U e b e r  a n o r g a n is c h e  L ö s u n g e n  u n d  I o n i s l r u n g s m i t t e l , ”  Z . anorg. 
C hem ., Vol. xx ix , pp . 371-395, H am burg , 1902.

“ C ie k ly  d w u t l e n ik  s i a r k i  Jak o  r o z p u s z c z a ln lk ” (Sur l’anhydride  
su lfu rcux  e t  son action  com m c d isso lv an t); W la d o m o s c l  m a t e m a t y c z n e  
(Gazette of M athem atics), Vol. v i, pp . 213-243, W arszaw a, 1902.

" F lü s s ig e s  S c h w e ife ld io x y d  a ls  L ö s u n g s m i t t e l , ”  Z . anorg. Chem., 
V ol. x x ix . pp. 513-596; Vol. xxx , pp. 145-250, H am b u rg , 1902.

“ U e b e r  d a s  D re h u n g s v e r m ö g e n  o p t l s c h - a c t iv e r  K ö r p e r ”  (address), • 
Deutsche chem. Ges., Vol. xxxiii, pp . 345—109, B erlin , 1905.

“ Z u s a m m e n h a n g  z w is c h e n  d e r  I n n e r e n  R e i b u n g  u n d  I o n e n g e s c h ­
w i n d ig k e i t ,  h e z w . D lH u s io n s g e s c h w ln d ig k e l t ,”  Z . Elektrotech., 
Vol. xii, pp . 77-78, H alle, 1906.

“ U e b e r  d a s  D r e h u n g s v e r m ö g e n  i n  L ö s u n g e n ,"  Deutsche chem. Ges., 
Vol. x l, pp . 2463-2491, Berlin, 1907.

“ U e b e r  d a s  W ese n  d e s  L ö s u n g s v o rg a n g e s  u n d  d ie  R o l le  des 
M e d iu m s ,”  Rev. Se i., Vol. ii, pp. 256-278, Bologna, 1907.

“ U e b e r  d ie  S c h m e lz w ä r m e ,  s p e z if isc h e  K o h ä s io n  u n d  M o le k u l a r ­
g rö sse  b e i  d e r  S c h m e lz te m p e r a tu r ,”  Z . Elektrotech., Vol. x iv , pp. 
713-724, H alle, 1908.

“ Z u r  G e s c h ic h te  d e r  k o l lo id e n  K ie s e ls ä u r e ,”  Z . Kolloide, Vol. v i, pp . 
233-235, D resden, 1910.

“ E in ig e  M o le k u la r g rö s s e n  in  P h o s p h o r o x y c h lo r ld  a ls  k y r o s k o p -  
I s c h e n  S o lv e n ts ,”  Z. anorg. eh em ., Vol. lxviii, pp . 307-316, 1910.

“ D ie  L ö s u n g s th e o r ie n  ln  Ih r e r  g e s c h ic h t l i c h e n  A u f e in a n d e r f o lg e ,”  
S a m m l. chem. u . chem. lech. Vorträge, S tu t tg a r t.  1910, Vol. x v , No. 8 /12 , 
pp . 277-454, Svo.

(W ith  C. A . B ischoff.) “ B ls u b s t i t .  B e r n s te in s ä u r e ,”  Deutsche chem. 
Ges., 6, 4 an d  1 jjp .. Vol. xx ii, 1889.

P h y s i k a l  C o n s t.  d .  s u t s t l t .  A e th e n y l t r i c a r b o n s ä u r e e s te r ,  5 p p .; 
L e l tv e r m .  d . s u b s t l t .  B e r n s te in s ä u r e n  a n d  G l u t a r s ä u r e n ,  s  pp .
Deutsche ehem. Ges.. Vol. xxiii, 1890.

G ly c o lid  a n d  s e in e  H o m o lo g e n ,  4 p p .; A n w e n d u n g  d . d y n a m .  
H y p o th e s e  a u f  K e to n s ä u r e d e r iv a te ,  9 pp . ; Deutsche chem. Ges., 
Vol. xxv i, 1893.

A n o m a l ie n  b e i V e r k e t tu n g e n ,  4 p p . ; A e th y le n e s te r  d .  G ly c o l-  a n d  
O x a ls ä u re  a n d  d .  A n h y d r id e  a - h a lo g e n l s i r t e r  F e t t s ä u r e n ,  13
p p .; Deutsche ehem. Ges., Vol. xxv ii, 1894.

D e r lv .  d .  G ly c o ls ä u re ,  26 p p .; I d e m  d .  M ilc h s ä u r e ,  29 p p .; I d e m  
d .  A e p fe ls ä u re ,  8 p p .; I d e m  d . W e in s ä u re ,  15 p p .; D ie  1- a n d  
2 -b a s . a -O x y s ä u re n , 35 p p .; L ieb ig ’s Jahrcsber d. Chem., 1894.

A LIST OF UNITED STATES PUBLIC DOCUMENTS PE R ­
TAINING TO PULP AND PAPER

The remarkable development of the pulp and paper industry 
within com paratively recent years has attracted considerable 
attention, and there is an increasing demand for specific and 
detailed information in regard to the technical, commercial, 
and economic features. Much information of this character 
can be obtained from the public documents or reports of the 
United States Government, a number of which are specifically 
devoted to pulp and paper subjects. These particular publi­
cations, however, have not been of the greatest usefulness, due, 
first, to their having been issued at various odd times and by 
m any different branches of the government and, second, to the 
fact that there was no special catalogue or index bringing them 
all together for ready reference. On this account, the list of 
titles below will be found of much advantage.

The publications listed vary widely in subject matter, depend­
ing on the character of the investigations conducted by the dif­
ferent branches of the government by  which the reports were 
issued. However, these investigations do not cover every feature 
of the pulp and paper industry so it must not be expectcd that 
all desired information can be obtained from government publi­
cations. For the particular subjects considered the reports are 
quite thorough since the scope of government investigations 
usually is far greater than could be attained by independent 
investigators.

Aside from being readily accessible in m any public libraries, 
most of these publications m ay be secured by purchase from 
the Superintendent of Documents, Government Printing Office, 
Washington, D. C., a t very small cost. Many of them also are 
available for gratuitous distribution by Members of the Senate 
or House of Representatives and by the respective Departments 
and Bureaus from which they were issued. The ease with which 
they m ay be obtained, combined with their authoritative and 
impartial nature, renders them especially valuable as sources 
of information.

It  is believed that w ith the following exceptions the list 
contains the titles of all government publications pertaining 
more or less directly to pulp and paper subjects. The principal 
exceptions are the decisions and reports of the Interstate Com­
merce Commission and the Monthly Consular and Trade Reports 
of the Bureau of Manufacturers (later the Daily Consular and 
Trade Reports of the Bureau of Foreign and Domestic Com­
merce) of the Departm ent of Commerce and Labor. The for­
mer often have reference to particular cases before the Commis­
sion in which pulp and paper figure merely as articles o f  ship­
ment, and the points a t issue are such as freight c l a s s i f i c a t i o n ,  

tariff rates, shortage of cars, and similar transportation subjects. 
The Consular and Trade Reports frequently contain short 
articles b y  Am erican Consuls dealing w ith paper products in 
foreign countries, together w ith suggestions for home manu­
facturers. The Geological Survey of the Department of the 
Interior and the two Statistics Bureaus of the D e p a r t m e n t s  

of Agriculture and of Commerce and Labor have each p u b lis h e d  

certain information (other than that indicated in the list below) 
on subjects relating to pulp and paper-making but this has 
generally been included in reports in a form not particularly 
applicable to this industry alone.

The branches of the government from which the several pub­
lications were issued are indicated in the headings.

A G R IC U L T U R E  D E P A R T M E N T  
Brand, Charles J .  T h e  U tiliza tio n  of Crop P lan ts  in Paperm ^'“*- 

12 pp ., ilius. S°. 1911. (D ep t. A gr., y rbk ., separate , 1910.)
Dodge, Ciias. Richards. A  D escrip tive  C atalogue of Useful Fiber P'‘:u: 

of th e  W o rld ; In c lu d in g  th e  S tru c tu ra l and  Econom ic ClassilicaM11 
of F ibers. W ith  appendices. 361 p p ., 103 fig., 13 pi., tables. 
1897. (D ep t. A gr., F ib e r  In v ., R p t.  9— o u t of p rin t.)

Dodge, J .  R . M aize P a p e r  an d  M aize C loth. 3 pp . 8°. 1863- * ::
D ep t. A gr., y rbk ., 1863.) ^

Veitch, F . P . S u itab le  P a p e r  for P e rm an e n t R ecords. 6 pp. 8 • 
(D ep t. A gr., y rbk ., sep a ra te , 1908—o u t of p rin t .)

Wiley, H . W. an d  C. H . Merriam. D u rab ility  a n d  Econom y in
fo r P e rm an e n t R ecords. A  rep o rt su b m itte d  b y  H . W . Wiley an 
C. H a r t  M erriam , C om m ittee  on P a p e r  fo r D epartm ental Lse.  ̂
e lud ing  p ap er specifications, b y  F . P . V eitch . 51 PP-. !^u5'
1909. (D ep t. A gr., R p t.  89.)

C H E M I S T R Y  B U R E A U  

C h e m i s t r y  B u r e a u .  E x am in a tio n  of P ap e r. 10 pp.. 2 tables.
1907. (D ept. A gr., B u r. Chem ., Circ. 34 .) ^

H a y w o o d , J .  K . A rsenic in P ap e rs  a n d  F ab rics , by  J .  K . Haywo < 
th e  co llabo ra tion  of H . J .  W arner. 53 pp ., 13 tables. S . 
(D ep t. A gr., B u r. Chem ., B ull. 86 .)

Sammet, C. Frank. A M easurem ent of th e  T ranstucency of aP 
3 pp ., tab le . 8 ° . 1912. (D ep t. A gr., B u r. Chem .. Circ. 96.) ^

Sammet, C. Frank. D etec tion  of F a u lty  Sizing in H ig h - g r a d e  3 
3 p p ., 3 pi. 8 ° . 1913. (D ept. A gr., B u r. C hem ., Circ. 107.)-

Veitch, F . P . P ap erm ak in g  M aterials and  th e ir  C onservation .
tab les. S°. 1909. (D ep t. A gr., B u r. Chem ., Circ. 41.) ^

Veitch, I: . P . and  J .  L . Merrill. P u lp  and  P ap e r and  other lr°



July, 1913 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

from W aste R esinous W oods. 28 pp ., 11 tab les. 8°. 1913. (D ep t.
Agr., Bur. Chera., D ull. 169.)

F O R E S T  S E R V I C E

Forest Service. See C om m erce and  L a b o r D ep artm en t, Census B ureau .
Fox, William F . A  H is to ry  of th e  L um ber In d u s try  in the  S ta te  of New 

York. 59 pp., illus. 8 ° . 1902. (D ept. A gr., B u r. F or., B ull. 34 .)
Contents (in p a r t) :  M ethods of lum bering , tra n sp o rta tio n  of pu lp -
wood, wood pulp.

Graves, H e n r y  S. and  E . A . Z ie g l e r . T he W oodsm an 's  H andbook . 
Rev. and enl. ed., w ith  append ix . 208 pp ., 83 tables, 16 fig. 12°.
1910. (D ept. A gr., F o r. Serv ., B ull. 36.) C ontents (in p a r t) :  
Measurement of tim b e r; g row th  an d  vo lum e tab les fo r woods used in 
pulpmaking.

H a le , H. M. Sec Com m erce and  L ab o r D ep artm en t, Census B ureau .
K e llo g g , R. S. T he T im b er S u pp ly  of th e  U n ited  S ta te s . 24 pp ., 6 

tables. 8°. 1909. (D ept. A gr., F or. Serv ., Circ. 166.)
M axw ell, H u  and  H . S . S a c k e t t .  W ooden and  F ib e r Boxes. 14 p p . 

8°. 1911. (D ept. A gr., F or. Serv ., Circ. 177.)
Surpace, H e n r y  E . P a p e r  P u lps  from  V arious F o res t W oods; E x p e ri­

mental D a ta  and  Specim ens of S o d a  an d  Sulfite  Pu lps. 29 +  55 
pp., 4 tables. 12°. 1912. (D ept. A gr., F or. Serv., unnum bered
bull., For. P rod . L ab . series.)

S u rfa c e , H e n r y  E . B ib liog raphy  of th e  P u lp  and  P a p e r In d u s trie s . 
48 pp. 8°. 1913. (D ept. A gr., F or. Serv ., B ull. 123, F or. P rod .
Lab. series.)

Surface, H e n r y  E . T he E ffects of V ary ing  C ertain  Cooking C onditions 
in the  P roduction  of S o d a  P u lp  from  A spen. 75(?) p p ., 17 tables, 
8 Pi.. 20 te x t fig. 8°. 1913. (D ept. A gr., F or. Serv., B ull.
For. Prod. Lab. series— in press.)

Thickens, J . H . E xperim en ts  w ith  J a c k  P ine  and  H em lock for M echanical 
Pulp. 29 pp., 10 tab les, 15 p i. Specim ens of papers. 8 ° . 1912.
(Dept. Agr., For. Serv., unnu m b ered  bull., F or. P rod . L ab . series.)

Thickens, J .  H . The G rinding  of Spruce for M echanical Pu lp . 4 0 (?) 
PP., 6 pi., 19 te x t  fig. 8°. 1913. (D ept. A gr., For. Serv., B u ll.
127, For. P rod . L ab . scries— in press.)

Weigle , W . G. and E . H . F r o t iiin g iia m . T he A spens; th e ir  G row th  and  
Management. W ith  append ix . 35 pp ., 10 tab les. 8°. 1911. (D ept.
Agr., For. Serv., B ull. 93.)

p l a n t  i n d u s t r y  b u r e a u

Brand, Ch a r le s  J . Crop P la n ts  for P aperm ak ing . P rin ted  on  papers 
made from various annual p lan ts . 19 pp ., 3 fig. 8°. 1911. (D ept.
Agr., Bur. P la n t In d ., Circ. 82.)

F a irc h ild , D a v id  G. T hree  New P la n t  In tro d u c tio n s  from  J ap a n . 22 
PP-, 6 pi. 8°. 1903. (D ept. A gr., B u r. P la n t I iid ., B ull. 42.) Con­
tents (in p a rt): M itsum ata , a  Jap an ese  p a p er p lan t, pp . 9-17.

CO NG RESS
Printing J o in t  Co m m it t e e . R e p o r t  o f C o m m itte e  o n  P a p e r  S p ec ifica tio n s  

to  th e  J o in t  C o m m itte e  o n  P r in t in g  in  C o m p lian c e  w ith  i t s  R e s o lu t io n  
of A ugust 15, 1911. D e c e m b e r  18, 1911. 37 p p . ,  ta b le s . 8 ° . 1911.

ublic Law s T a r if f . T he Tariff A c t o f 1909. A n a c t  to  p rov ide  revenue, 
equalize duties and  encourage th e  industries  of th e  U n ited  S ta te s  
and for o ther purposes. A pproved  A ugust 5, 1909. 158 pp ., index.
8 . 1909. (H . R . 1438, pub lic  No. 5 .) C onten ts (in p a rt)  consist
of specific inform ation  on  the  custom s, du ties, and  regulations affect­
ing the im portation  of p a p em iak e rs ’ raw  m ateria ls  and  in te rm ed ia te  
and finished products.

H O U S E  O F  R E P R E S E N T A T I V E S

♦Iann, J. R . R eport from  Select C om m ittee on  P u lp  and  P a p e r  In v e s ti­
gation under H . R es. 344; w ith  Views of M inority . 18 pp . 8 ° . M ay 

*908. (H . rp. 1786, 60 th  Cong., 1st sess.)
AN*V. J. R. R eport from  Select C om m ittee on P u lp  and  P ap e r In v e s ti­

gation. 7 pp. 8°. F eb ru a ry  15, 1909. (H . rp . 2206, 60 th  Cong., 2nd 
scss-) Consists of a  b rie f su rvey  of th e  in d u s try  from  various view ­
points.

1'l p and P a p e r  I n v e s t ig a t io n  S e l e c t  Co m m it t e e . P u lp  and  P ap er 
nvestigation H earings. A pril 25, 1908.— F eb ru a ry  19, 1909. 6

vols. 235 4- 3366 pp., tab les. In d ex . 8°. 1908-1909. (H . doc.
w  ,1502' 60th Cong., 2nd sess.)

'iT AND C o ^ lT T B B . T ariff H earin g s ............. 1896-1897. V ol.
P P . 1751-1798. Schedule M— Pulp , papers, and  books. 8°.

Way  (H ' d ° C‘ 338, 5 4 th  C o n g -  2 n d  s e ss -}
s and Me a n s  Co m m it t e e . T a r if f  H e a r in g s ..............1908 -1909 . V o l.

• PP. 5879-6389. Schedule M— Pulp , papers, and  books. Tables.
1909. (H . doc. 1505, 60 th  Cong., 2nd sess.)

F  s e n a t e

ANCE Committee. R eplies to  Tariff Inqu iries. Schedule M— Pulp , 
Papers, and books. 104 pp ., tab les. 8 ° . 1894. (S. rp . 513, P t .

Lodce. ’ T3rd COn8:', 2nd SeSS-)a" s E nacted  in N ova Scotia , O ntario , B ritish  Colum bia, Quebec, 
^ - ew Brunswick, C anada, R e la tiv e  to  Spruce and  o th e r Pulpw oods

“ to n  Crown L ands. 5 pp . 8°. M ay 15, 1911. (S. doc. 28, 62nd
1st sess.)

N a t i o n a l  C o n s e r v a t i o n  C o m m i s s i o n . R ep o rt of Com m ission, F eb ruary  
1909. Special m essage from  Presiden t of th e  U n ited  S ta te s  tra n s ­
m ittin g  rep o rt of com m ission, w ith  accom panying papers; ed ited  
b y  H en ry  G annett. 3 vol., illus., tab les, m aps. 8°. 1909. (S.
doc. 676, 60th Cong., 2nd sess.) C ontents (in p a r t) :  Vol. I I  includes
discussions of tim b er s tands, grow th , w astes and  u tiliza tion  by  chem ­
ical and o th e r m eans.

T a r i f f  B o a r d . R eciprocity  w ith  C anada. M essage from  the P res iden t 
of th e  U nited  S ta te s  tran sm ittin g  in  response to  S enate  R esolution  of 
F eb ru ary  23, 1911, a  rep o rt from  th e  Tariff B oard  re la tive  to various 
com m odities nam ed in  the  proposed C anadian  recip rocity  m easure . 
131 pp ., tables. 8°. 1911. (S. doc. 849, 61st Cong., 3 rd  sess.)
C ontents (in  p a r t) :  P u lp  and  new sprin t paper, pp . 7-82.

T a r i f f  B o a r d . Pulp  and N ew sprin t In d u s try . M essage from  th e  P res i­
d en t of the  U nited  S ta te s  tran sm ittin g  a  rep o rt by  the  Tariff B oard, 
re la tive  to pu lp  and  new sprin t industry . 134 pp ., 87 tab les. D iag. 
S°. 1911. (S. doc. 31, 62nd Cong., 1st sess.)

COMM ERCE A ND LA B O R  D E P A R T M E N T

C e n s u s  B u r e a u . Pulpw ood C onsum ption. A nnual 1905-1910. A b o u t 
12 pp . each, tables. 8°. 1906-1911. A ppears also in its  F o res t
p roduc ts  of the  U nited  S ta tes. 1905 com p, b y  H . M. H ale  for the  F o r­
est Service, U . S. D ep t, of A gricu ltu re; 1906-1910, com p, by  th e  B ureau  

• of the  Census and the  F o res t Service, in cooperation ; 1905-,06, pu b ­
lished as Circ. 44, 120 of th e  F o res t Service; 1907-’10 published b y  the  
B ureau  of th e  Census as F o res t P ro d u cts  No. 1. T itle  varies: 1905. 
W ood Used for P u lp ; 1906. C onsum ption of Pulpw'ood.

C e n s u s  B u r e a u . P a p e r and  W ood P ulp . 43 p p ., 19 tables. 4°. 1907.
(D ept. Com. and  L ab., B u r. Census, 1905 Census of M anufactures, 
B ull. 80.)

C e n s u s  B u r e a u . P a p e r and  W ood P u lp  S ta tis tic s ; p re lim inary  repo rt 
for 1909, issued A pril 26, 1911. 6 pp ., tab les. 8°. 1911. (D ept.
Com. and  Lab., B ur. Census circ.)

C e n s u s  B u r e a u . See I n te r io r  D e p a r tm e n t ,  C ensus  O ffice fo r  e a r l ie r  c e n ­
su s  p u b lic a tio n s .

L a b o r  D e p a r t m e n t . The P roduction  of P a p e r  and  P u lp  in  th e  U nited  
S ta tes  from  J an u a ry  1 to  Ju n e  30, 1898. Tables. 8 ° . Ju ly , 1899. 
(In : D ep t. Labor, B ull. 23, pp. 546-549.)

IN T E R IO R  D E P A R T M E N T
C E N S U S  O F F I C E

C e n s u s  o f  1860. M anufactures o f the  U n ited  S ta te s  in 1860. 217 -f 745
pp ., tables. 4°. 18,65. (D ept. In t . ,  Census Off., 8 th  census rp t . )
C ontents (in p a rt) : P ap e r and  paper-hangings, h is to ry  and  s ta tistics ,
pp . cxx i-cxxx ii.

C e n s u s  o f  1870. T he S ta tis tic s  of th e  W ealth  and  In d u s try  of th e  U nited
S ta te s  N in th  Census (June  1, 1870). 831 p p ., tables. 4°. 1872.
(D ept. In t . ,  Census Off., 9 th  census rp t .)  C on ten ts (in p a r t) :  Speci­
fied industries, p . 411, et scq., p aper, paper-hangings, p a p er bags, p a p e r 
boxes.

C e n s u s  o f  1880. R ep o rt on the  Fo rests  of N o rth  A m erica (exclusive of 
M exico), by  Charles S. Sargen t. 612 pp ., 3 P ts ., m aps. In d ex . 4°. 
1884. (D ept. In t . ,  Census Off., 10th census rp t . .  Vol. IX .)  
C ontents (in p a rt) : Chem ical, physica l and  m echanical properties
of woods.

C e n s u s  o f  1880. R ep o rt on  the  M anufactures of the  U n ited  S ta te s  a t’ the  
T en th  Census (June  1, 1880) E m bracing  G eneral S ta tis tic s . 476 pp ., 
tables. 4°. 1883. (D ept. In t.,  Census Off., 10th census rp t., Vol.
2, M anufactures.) C ontents (in  p a r t) :  S ta tis tic s , by  S ta tes , on wood
pulp , p ap er and  paper-hangings, envelopes, lea ther-board , cardboard , 
etc.

C e n s u s  o f  1880. The N ew spaper and  Periodical Press, by  S. N . D . N o rth . 
446 pp., tables. 4°. 1884. (D ept. In t . ,  Census Off., 10th census
rp t., Vol. V III .)

C e n s u s  o f  1890. R ep o rt on M anufactu ring  In d u strie s  in the  U nited  S ta te s  
a t  th e  E leven th  Census (1890), by  W illiam  M. S tew art an d  o thers . 
Tables. 4°. 1895. (D ept. In t . ,  Census Off., 11th census rp t.,
Mfg. ind., P ts . I  and  I I I . )  C ontents (in p a rt) : P a r t  I .  T o tals , b y
different branches of th e  paper industry , p. 62; com para tive  s ta tem en ts  
regarding paper, 10th and 11th censuses, pp . 649-650; de ta iled  s ta te ­
m ent, regarding paper, by  s ta tes , pp . 722-723. P a r t  I I I .  F o res t 
industries— wood pulp.

C e n s u s  o f  1900. M anufactures P a r t  I I I .  Special repo rts  on  selected 
industries, by  S. N. D. N orth  and  o thers. 4 th  ed., 1140 pp .. tab les. 
4°. 1906. (D ept. In t . ,  Census Off., 12th census rp t., Vol. IX , P t .
I I I . )  C ontents (in p a rt) :  T he L um ber In d u s try , by  H en ry  G an n ett,
pp . 803-897; P ap er and  P ulp , by  Charles W . R an tou l, J r .,  pp . 1013- 
1035; P rin ting  and  Publish ing  (including  k ind , cost, and  q u a n tity  of 
p a p er used), by  W illiam  S. R ossiter, pp. 1037-1139.

C e n s u s  o f  1900. M anufactures: P ap e r and  Pu lp , b y  S. N . D . N o rth  
and  Charles W . R an tou l, J r . 13 pp ., 4 tables. 4°. Issued  Sept. 
30, 1901. (D ept. In t . ,  Census Off., 12th census. B ull. 99.)

L a t e r  C e n s u s e s . See Commerce and  L ab o r D ep artm en t, Census B ureau .
G E O L O G I C A L  S U R V E Y

L e i g h t o n , M a r s h a l l  O r a . P r e l im i n a r y ' r e p o r t  o n  t h e  P o l lu t i o n  o f  L a k e
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C ham plain. 119 pp., 33 tab les, 13 pi., 5 fig., m aps. In d ex . 8 ° , 
1905. (D ept. In t . ,  Gcol. Surv ., w. s. and  i. p. 121.)

P a r k e r , H o r a t i o  N. and  o thers . T he P o tom ac R iv e r B asin . 364 pp ., 
8 pi., tables, m aps. Index . 8°. 1907. (D ep t. In t . ,  Geol. S urv .,
w. s. and  i. p . 192.) C onten ts (in p a r t) :  S tream  po llu tion— wood 
pu lp , b y  H o ra tio  N . P a rke r, p . 201; E ffects of som e in d u stria l w astes 
(paper and  pu lp  m ill) on 'fishes, b y  M. C. M arsh, p. 340.

P h e l p s , E a r l e  B e r n a r d . T he P rev en tio n  of S tream  P o llu tio n  by  S traw - 
b oard  W aste . 29 pp ., 2 fig., 2 pi., tab les. 8 ° . 1906. (D ep t. In t . ,
Geol. S urv .. w. s. and  i. p. 189.)

P i i e l p s , E a r l e  B e r n a r d . The P o llu tion  of S tream s b y  Sulfite  P u lp  W aste : 
A S tu d y  of Possible R em edies. 36 pp., tab les. 8 ° . 1909. (D ep t.
In t . ,  Geol. S urv ., w. s. p. 226.)

S a c k e t t , R o b e r t  L e m u e l  and  I s a i a h  B o w m a n . T he D isposal of S traw - 
board  and  Oil-well W astes. 52 p p ., 4 pi., tab les, m aps. Index . 
8°. 1905. (D ept. In t . ,  Geol. S urv ., w. s. a n d  i. p. 113.)

ST A T E  D E P A R T M E N T  
F o r e ig n  C om m erce, B u r e a u  o p . P a p e r  in Foreign C ountries; Uses of 

W ood P u lp . 533 pp.* tab les. In d ex . 8°. 1900. (D ep t. S ta te ,
B ur. F or. Com ., spl. cons, rp t., V ol. X IX .)

S i l c o x , G e o r g e  W . R ep o rt on  th e  A rt of P r in tin g  an d  on  M anufac tu res 
of P ap e r a t  th e  In te rn a tio n a l E x h ib itio n  H eld  a t  V ienna, 1873. W ith  
append ix . 30 pp . In d ex . 8 ° .  1875. (D ept. S ta te , U .  S .  Com. 
V ienna In t .  E xh . 1873, rp ts ., sect. O, Vol. I I . )  C on ten ts  (in  p a rt) :  
C hap ter IV , M anufactu re  of P a p e r; appendix . M anufac tu re  of P a p e r  
B arrels.

T R E A S U R Y  D E P A R T M E N T  
T r e a s u r y  D e c i s i o n s . N o . 31772 (T reas. D ep t., Circ. 48, 1911), R ec i­

p roc ity  betw een  th e  U nited  S ta te s  an d  C anada, J u ly  26, 1911; No. 
31783. W ood P u lp— P rin tin g  P aper, J u ly  29, 1911; No. 31890, W ood 
P u lp— P aper, S ep tem ber 29, 1911; No. 32238. W ood  P u lp — P rin tin g  
P aper, F eb ru a ry  12. 1912; No. 32757, W ood  P u lp — P a p e r and  P ap er 
B oard . A ugust 10, 1912. Leaflets. These decisions to g e th e r w ith  the  
Tariff A c t of 1909 (see Congress— Public Laws— Tariff— H . R .  1438)

co n stitu te  th e  custom s regu la tions (in  effect N ovem ber, 1911). per­
ta in in g  to  th e  im p o rta tio n  of pulp-w ood, wood pu lp  and paper.

The author would appreciate having his attention called to any 
omissions or errors in the above list.

H e n r y  E. S u r f a c e .
F o r e s t  P r o d u c t s  L a b o r a t o r y  

M a d i s o n , W i s c o n s i n  

F e b r u a r y  1, 1913

AMERICAN CHEMICAL SOCIETY— NEW  DESCRIPTIVE 
D IR ECTO R Y OF THE DIVISION- OF INDUSTRIAL 

CHEMISTS AND CHEMICAL ENGINEERS

I t  is desired to issue a new descriptive directory of the Division 
of Industrial Chemists and Chemical Engineers in December, 
1913. In  order to do this the members of the division are 
requested to n otify  the secretary of changes of address, occupa­
tion, etc., and to contribute one dollar each toward the expenses 
of the division. I t  is absolutely necessary that the list of mem­
bers should be corrected and brought up-to-date and it is hoped 
that each member w ill attend to this immediately.

A n y  other member of the Society wishing to enroll in the 
Division should send his name, address, occupation (title and 
business connection) and lines in which he is most interested to 
the Secretary, together w ith one dollar as a contribution toward 
the expenses of the division.

[S .  H .  S a l i s b u r y ,  J r . ,  Secretary
L e h i g h  U n i v e r s i t y ,

S o u t h  B e t h l e h e m , P a .

OBITUARIES
W ILLIAM  McMURTRIE

In September, 1872, I left m y home in Indiana for the purpose 
of taking a post-graduate course a t Harvard U niversity. Never 
having been in the National Capitol, I took occasion to visit 
Washington en route. A t  th at time Dr. R . T . Brown, one of 
the old-fashioned scientists who had been professor of chemistry 
in the medical college which I  attended, was chemist of the De­
partment of Agriculture. I visited the Departm ent for the 
purpose of paying him a friendly call. On entering the labora­
tory, I found one assistant a t work: a  yo u n g man w ith jet-black 
hair and plear/ng appearance, seated on a high stool, before a 
desk, attending to some of the details of an analysis. On 
inquiring of hi.n for m y friend, Dr. Brown, I was told that he 
was not in, and the young man introduced himself as William 
McMurtric, assistant. This was m y first m eeting with Dr. 
McMurtrie, and the beginning of a friendship which continued 
unabated until the time of his death. The impression made upon 
me by Dr. McMurtrie at that time is indelible. The picture 
which I have just described is as viv id ly  before me now as it 
was forty-one years ago.

Dr. McMurtrie’s ca:ccr in the Departm ent of Agriculture was 
signalized by the usual activ ity  which he always displayed in 
every position that he filled. W ithin the next two years from 
the time of which I speak. Dr. Brown retired from the position 
of the chief chemist of the Departm ent of Agriculture and Dr. 
McMurtrie took his place. He was at that time, though only 
twenty-one years of age, well trained in chemistry, as training 
was regarded in those days. It is stated that even in his boy­
hood he displayed a remarkable liking for chemistry. A t  the 
age of fourteen he attended some lectures given to young people 
b y  the minister of the neighborhood and gladly paid the fee 
of five cents which was necessary to cover the costs of the m a­
terials for each of the lectures. When he entered Lafayette 
College there was no special course of chemistry, so lie took 
mining engineering because in that he could have the best 
chemical training which the college afforded.

The story of how he was selected for the succession to Dr. 
Brown reveals one of the characteristics of his whole life, namely, 
unselfishness. Judge W atts was a t the time Commissioner oi 
Agriculture. W hen Dr. Brown retired, a number of applications 
for this position came in. Commissioner W atts called young 
McMurtrie into his office and asked him w hat he thought of the 
qualifications of the applicants. He said th at he did not think 
any one of them was properly qualified for the position. Com­
missioner W atts then asked him if he thought he could do the 
work and would like the position. He replied that the idea oi 
succeeding Dr. Brown had never entered his mind, but he thought 
he could do better than any of the men who were being con­
sidered. The Commissioner replied: “ Yo u  have not made an) 
application.”  I t  was not long, however, before the application 
was made out and he continued to hold the position of Chie 
Chemist until 1877.

The story of his retirement from this position is most interest 
ing. During the term of President Hayes, Mr. Le Due «as 
Commissioner of Agriculture. He evidently had some politic 
debts to pay, for among other things he wanted Dr. McMurtrie s 

place for Dr. Collier. Commissioner L e  Due had a  very tine 
opinion of Dr. McMurtrie’s ability  and services and fran’ J 
told him the predicament he was in and asked if he could gi'jj 
him something else, would he be willing to step aside. 1 
his well-known devotion to others Dr. McMurtrie read il) con 
sentcd. He retired from the position of Chief Chemist of tc  
Departm ent and w ent to Paris in 1878 as a r e p r e s e n t a t i v e  0 *

Departm ent of Agriculture. In  addition to discharging * 
special duties as representative of the D e p a r t m e n t  he ma 
thorough and extensive study of the beet industry' and 0 
wine industry of France. His report on the sugar 'nc*USj? 
laid the foundation of the scientific beet sugar industry' 0 ^  
country' and is one of the m ost valuable c o n t r i b u t i o n s  

McMurtrie made to scicnce.
A fter his return from Europe, he continued his relations w 

the Departm ent and carried on a  very elaborate inves ig
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on the subject of fibers, especially of wool and cotton. He 
continued these investigations after he accepted the position of 
Professor of Chemistry in the U niversity of Illinois. I t  was m y 
good fortune to know something of the details of his fine work.
It was a work of monumental proportions and carried out with 
all the devotion to detail which Dr. McMurtrie brought to the 
study of every problem. His microscopical and physical study 
of fibers occupied much of his time and that of several assistants, 
whom he employed for a number of years. For some reason the 
valuable manuscripts which he prepared for the Departm ent 
of Agriculture have never been published in full. I t  would be 
a great tribute to his m em ory as well as of great value to 
science if these unpublished manuscripts could be made public.

Dr. McMurtrie discharged his pedagogical duties w ith dis­
tinction and at the same tim e kep t up his laboratory studies. 
An investigation into an 
alleged case of poisoning by 
baking powder led to his 
coming into contact w ith the 
officials of the Royal Baking 
Powder Company; in 1888, 
he resigned his chair of chem­
istry in the University of 
Illinois, and became consult­
ing chemist of that company.
He continued his connection 
with that company first as 
chemist, then as manager 
and later as vice-president, 
until the time of his death.

My most intimate associa­
tion with Dr. McMurtrie in 
an official way, was in the 
reorganization of the A m eri­
can Chemical Society. W e 
were members of the com ­
mittee which formed the 
p r e s e n t  constitution a n d  
made possible the useful ac­
tivity of the society. In  the 
early nineties, the Am erican 
Chemical Society numbered 
scarcely more than two or 
t h r e e  hundred members.
The journal was a m atter of 
no consequence and the m eet­
ings were confined to New 
York City. The committee 
on reorganization realized 
that the only avenue of pros­
perity lay in the direction of 
popularizing and localizing 
the activities of the society.
The plan of forming local 
sections appealed to the committee as the only solution of 
this difficult problem. To this plan Dr. McMurtrie de­
voted his services with his custom ary zeal and enthusi- 
asm- The wisdom of the reorganization is apparent at 
toe present time. There are 42 local sections scattered 
throughout the country and a total membership of around 
6.000. Dr. McMurtrie’s services in this line were recognized 
I1) his fellow chemists, in his’ election as president of the society 
■n 1896-8, the duties of which position he discharged with great 
credit to himself and benefit to the society.

Dr. McMurtrie’s later years were devoted to executive rather 
than laboratory work, and for this reason the number of his 
contributions to scientific literature in later life was not numer- 
ous- In spite of this, however, his love of his chosen profession

never waned. In the three years prior to his death, in which he 
was an invalid, he manifested a most lively interest in all things 
relating to the prosperity of the American Chemical Society and 
the advancement of chemistry. N ot only was he an extensive 
reader of chemical literature during these three years of invalid­
ism, but he carricd on a most extensive correspondence with 
his old friends and new ones in m atters relating to  chemistry. 
He will be known professionally to the succeeding generations 
b y  his contributions to agricultural chemistry, most especially 
his work in laying broad and deep the foundations of the sugar 
beet industry of this country. His great work on fibers is knowTn 
to only a few of his intimate friends. In his connection w ith  a 
great manufacturing company, he, doubtless, was restricted to 
some extent in his publications by  the code of ethics governing 
such positions. While this code is to be regretted from a scien­

tific point of view, it is 
probably the only one which 
could exist in ■ the present 
c o n d i t i o n  of commercial 
operations.

In his relations to his fel­
low workers, Dr. McMurtrie 
was the ideal persona grata. 
His wit, his humor and his 
geniality illuminated every 
function he attended. He 
died peacefully on the 24th 
of May, 1913, as the victim  of 
apoplexy, his arteries having 
hardened altogether t o o
early, largely perhaps by  
reason of devotion to his
profession.

F r i e n d ,  counsellor, co­
laborer, vale.

H a r v e y  W .  W i l e y
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Wools and Other Animal Fibers. In United States W orld’s 
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Some Records of the Y ear’s Progress in Applied Chemistry.

THE SAMPLING OF RU BBER  GOODS1

Investigations have been made at various times to show the 
great importance of sampling such material as coal, sugar, 
alloys of various kinds, etc., and a great deal has been written on 
this subject, showing that the value of the chemical analysis 
made depends largely on the care expended in sampling. (W ith 
regard to the sampling of rubber goods very little has been said, 
and if we m ay judge by  the experience of this Bureau, little  a t­
tention has been paid to this important subject. Y e t  it must 
receive the most careful consideration from all who are interested 
in the chemical analysis of rubber, if we are to expect analyses 
made in different laboratories to reach even fair agreement.

Inasmuch as rubber compounding is m erely mechanical m ixing 
of solid material of varying natures, it is obvious that a  fair 
average sample can be obtained only by taking pieces from differ­
ent parts of the finished material.

As a rule, the m atter of sampling is left to a corps of inspectors, 
to whom rubber is only one of many materials to be handled. 
Too much must not be expected of them. In  such cases, it is 
always the manufacturers who have most at stake, and it would 
seem that they are the ones who should insist that the sampling 
be done properly.

For example, some months ago, this Bureau had occasion to 
test a  sample of suction hose. A  small strip was taken from the 
end of one length, and another sample, one foot in length, was 
sent by the manufacturer, w ith the guarantee that it was made 
of the same material, and vulcanized under the same conditions. 
The analysis of the inspector’s sample showed it to be much 
inferior to the one submitted by the manufacturer. The material 
was rejected, and considerable annoyance and expense was 
caused, until the manufacturer proved that the hose was capped

1 P ub lished  b y  perm ission of t i e  D irec to r of th e  B u reau  o f S tan d ard s . 
P a p e r  p resen ted  a t  th e  M ilwaukee m ee tin e  of th e  A m erican  Chem ical So- 
c te ty , M arch , 1913.

Journal of the American Chemical Society, Easton, 1898, Vol. 
20, pp. 967-987.

Some Records of Progress in A pplied Chemistry. Journal of 
the American Chemical Society, Easton, 1899, Vol. 21, pp. 
1145-1175.

The Condition, Prospects, and Future Educational Demands 
of the Chemical Industries. Presidential Address at the Chicago 
meeting of the American Chemical Society. Portrait. Journal 
o f the American Chemical Society, Easton, 1901, Vol. 23, pp. 
71-89.

The Education of Technical Chemists. Chemical Engineer, 
Philadelphia, 1905, Vol. 2, pp. 142-143. A bstract in Review 
of American Chemical Research, Easton, 1905, Vol. 11, p. 600.

Address a t the Dedication of the W alker Laboratory of the 
Rensselaer Polytechnic Institute. Science, N. S., New York, 
1907, Vol. 26, pp. 329-334. R ev. in Chemical Abstracts, Easton, 
1907, Vol. 1, p. 3042.

Address Delivered at the Inauguration of William A. Noyes 
as Head of the Departm ent of Chemistry and Director of the 
Chemical Laboratory a t the U niversity of Illinois, October 18, 
1907. Science, New Y ork, 1907, N. S., Vol. 26, pp. 694-699.

The Chemists’ Club. Science, N ew Y ork, 1911,  N. S., Vol. 
34 . PP- 5- 7-

Disposal of Sewage w ith R ecovery of Elem ents of Plant Food 
for Use in Agriculture. Journal o f Industrial and Engineering 
Chemistry, Easton, Vol 5, p. 156.

N o t e :  The above is as complete a  list as could be obtained 
a t this writing.— D o u g l a s  C. M c M u r t r i e

with a somewhat inferior compound. If the manufacturer, who 
knew all the conditions, had made this statement at the time 
the sample was taken, much delay and expense in re-testing 
would have been saved.

Furthermore, samples should not be subjected to any treat­
m ent w hatever before they are sent to the testing laboratory. 
Recently, we received a  sample of insulated wire, which, on 
examination, proved to contain a  variety of materials. Part of 
it was a  piece of wire just as it came from the reel, some of it  

the rubber stripped from the wire, and the largest part m a t e r ia l  

that had been stripped from the wire and worked through a mill, 
“ to give an average sample”  as the inspector explained. The 
rubber on the wire showed a free sulfur content of 0.79 per cent, 
whereas the specifications allowed only 0.50 per cent. The other 
material, however, showed a  free sulfur content as low as o-4J 
per cent. Analysis of samples of this nature is a waste of time 
and money, since there can be no assurance that the results 
obtained bear any relation to the m aterial which the c o n t r a c t o r  

is offering.
Still another sample has been received recently, consisting 

of rubber which had been ground to pass through a No. 20 sie\e. 
This w as.sent in a  paper envelope, not sealed. The absurdit) 
of the analysis of such material is apparent to all who have gi' ® 
any time and thought to the question of the chemical analysis 
of rubber. Suffice it to say that practically all analytical mct^ 
ods require the analysis to be started within 24 hours after t e 
grinding of the sample. . ^

Care of the sample after taking is equally important- - 
testing laboratory can analyze a  sam ple only as it is recei\ ^ 
and it is to the manufacturer’s interests that this samp'1- 
received in a  satisfactory condition.

This subject should come under the jurisdiction of the m 
section of the American Chemical Society and we would recon̂  
mend that some action be taken. This Bureau is now insis

NOTES AND CORRESPONDENCE
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that material for analysis should meet the following requirements: 

Samples shall be taken directly from the finished material. 
These samples should be sealed, and marked w ith m aker’s name, 
date of sampling, kind of material, and sufficient other data to 
ensure easy and complété identification. The sample should be 
of such size as to permit of part being taken for analysis and the 
remainder stored for future reference, should the occasion for 
such arise. E very precaution must be taken to prevent con­
tamination of the samples by  any foreign material, and they 
must always be stored in a  cool place. The object of these pre­
cautions is to insure that the sample shall be received in exactly 
the same condition as it  is offered b y  the contractor.

The following tabic will show the minimum amount of material 
required for making the various tests, leaving a sufficiency for 
supplemental chemical check tests if these are needed. The 
amounts specified are intended to show the size of sample re­
quired on what m ight be considered relatively small lots. The 
samples should be made up of. a number of pieces taken from 
several parts of the delivery, and from these a composite sample 
will be made for chemical analysis. It  should be noted, however, 
that the pressure test on hose requires a  four-foot length. Large 
lots should be represented b y  samples of corresponding size. 
In such cases, it m ay be advisable to make two, or more, composite 
samples for chemical analysis.

Physical Tests Only
Hose of alt kinds, up  to  3 in. d ia m e te r ..............................  2 feet
Ilose of all kinds, over 3 in. d ia m e te r................................ 1 f°o t
Pressure te s t on  hose.............................: ....................................  * fcet
Packing...........................................................................................  1 sq. ft.
Insulated w ire............................................................................... 4 to  6 feet
O ther m echanical goods,

sufficient m a te ria l to  give a t  le a s t 6 picces 1 in. X 6 in.

Chemical Tests Only
Hose of all kinds, up  to  3 in. d ia m e te r ..............................  1 foot
Hose of all kinds, over 3 in. d ia m e te r ................................  6 inches
Packing...........................................................................................  V* s q . f t .
Insulated w ire............................................................................... 2 to  3 feet
Other mechanical goods,

sufficient m a te ria l to  give a t  least four ounces of rubber.

Electrical Tests Only 
Insulated wire...................................... .................................  6 feet

J o h n  B .  T u t t l e

B u r e a u  o k  S t a n d a r d s  

W a s h i n g t o n , D. C.

BAKELITE PATENT RECOGNITION

As a result of negotiations between the General Bakelite 
Company and the Condensite Com pany of America, the suits 
brought by the former against the latter and its customers for 
alleged infringement of the Bakelite patents, have been w ith­
drawn, and the Condensite Company, recognizing the pioneer 
character of Dr. L . H . Baekeland’s work, has acknowledged the 
validity of the Bakelite patents in suit and some others, and will 
Pay substantial royalties thereunder.

The General Bakelite Company will continue the manufacture 
of Bakelite under its numerous patents, and the Condensite 
Company will manufacture Condensite under the Aylsw orth 
Patents, as well as the license just granted for such of the Baeke­
land patents as are broad enough to cover Condensite.

This recognition of the force and valid ity  of the principal 
Baekeland patents by the only other m anufacturer of condensa­
tion products is a confirmation of the Bakelite Company s 
claims for the broad scope and pioneer character of these patents.

There is much that is old in the art of m aking phenolic conden­
sation products, but Dr. Baekeland was the first to m ake practical 
application of w hat theretofore had been chiefly laboratory
experiments.

NOTE ON THE STANDARD VANILLIN SOLUTION FOR THE 
COLORIMETRIC METHOD FOR THE DETERMINATION 

OF VANILLIN IN FLAVORING EXTRACTS

Since the publication in T h i s  J o u r n a l ,  4, p. 670, of “ A  New 
Colorimetric Method for the Determination of Vanillin in F lavor­
ing E xtracts,”  by Otto Folin and W . Dennis, the method has been 
used in the Kansas State Board of Health Food Laboratory in the 
analysis of over sixty extracts and a number of samples of 
known vanillin content.

The method has worked well and has given sufficiently accurate 
results for judging vanilla extracts but some experiments with 
the standard vanillin solution seem important enough to be 
reported.

The directions call for a  solution of vanillin of which 10 cc. 
contain 0.001 gram of vanillin. Experiments have shown that 
this solution increases, on standing, in its power to produce a 
blue color when treated w ith the phosphotungsticphospho- 
m olybdic acid reagent so that after a month it increases to such 
an extent that determinations on solutions of vanillin of known 
strength showed only about 75 per cent of the true vanillin 
content. Such results are illustrated b y  the following estim a­

tions:
D ate  F resh  s ta n d a rd  O ld s tan d a rd

1 -18-1  3 ...............................................  2 0 .0  15.4
2 -24 -13 (o  ) ...................................  0 .501  0 .3 5 6

D up lica te .......... 0 .4 9 8  0 .362
(a) This was a  so lu tion  0.5000 gram  of M erck 's refined van illin  (sam e

as used in s tan d a rd ) and  25 cc. of 95 p e r c en t alcohol in 100 cc.

f-* A  very satisfactory standard solution m ay be prepared by 
dissolving 2.0000 grams of vanillin in 200 cc. of 95 per cent of 
alcohol and diluting to one liter and then using 10 cc. of this 
solution to make 200 cc. of standard solution when it is needed. 
Such a solution was made January 18, 1913, and standards made 
by diluting the strong solution were compared w ith fresh stand­
ards with the results shown in the following table:

S ta n d a rd  m ade
D ate  F resh  s tan d a rd  b y  d ilu tion

1 -1 8 -1 3   2 0 .0  20 .2
1 -22 -13   2 0 .0  20.1

..............................  2 0 .0  2 0 .3

i - S - « : : : : : . ; . ............................... 200 201
3 - 2 1 - 1  3   2 0 . 0  2 0 .1

These results show that the strong solution will keep for at 
least two months without showing an appreciable change. 
It  is much easier to make the dilution than to make up a fresh 

standard each day.
O s c a r  E. H a r d e r

U n i v e r s i t y  o f  K a n s a s  

L a w r e n c e  

M a y  16. 1913 •

DETERMINATION OF SULPHATE IN AMMONIUM SULFATE 
SOLUTIONS, ETC.— A CORRECTION

Through a clerical error in the paper under the above tide, 
T h i s  J o u r n a l ,  5, 469, no reference was made to the paper 
published by H. F . Muer, "T h e Determination of Sulfur in Coal 
by  Means of the Jackson Turbidim eter,”  T h i s  J o u r n a l ,  3, 

Muer’s paper was carefully consulted in connection 
w ith our work, and the reference made to it 011 the original 
manuscript was omitted b y  a  clerical error in the Bureau offices. 
The apparent discrepancies in the results reported in the two 
papers were not discussed by us, because the differences in the 
methods of precipitation used were sufficient to account for 
all except Muer’s preference for tablets of solid barium chloride 
instead of a barium chloride solution as a precipitant, and for 
only a limited amount of agitation after precipitation. A s 
no definite results were given in support of these conclusions, 
we could not, of course, discuss them fully. The differences 
found only serve to emphasize the fact that the method used
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in calibrating the turbidimeter must be carefully followed in
all subsequent determinations. No originality is claimed for
the turbidimetric method described in our paper; it is merely
an account of the results obtained in an effort to adapt the
method to a new use. _ „

R . S . M cB r i d e

B u r e a u  o f  S t a n d a r d s  E. R . W EAVER
■Wa s h i n g t o n , D. C.

THE CHEMICAL CONSTITUTION OF RESINOUS PHENOLIC 

CONDENSATION PRODUCTS— A  CORRECTION

In  m y  artic le  under the a b ove  title, T h is  J o u r n a l , s , 506, 
there is an error in the last line, p age 5 1 1 :  “ hexamethylcn- 
tetram in e”  should read "h exam eth ylen tetram in trip h en ol.”

L. H. B a e k e l a n d .

BOOK REVIEWS
A Dictionary of Applied Chemistry. Second edition, revised 

and enlarged. B y  S i r  E d w a r d  T h o r p e  and other eminent 
contributors. T o  be issued in five volumes. Volume III, 
789 pages. Price of complete set when issued, $67.50. Price 
per volume, $13.50. Longmans, Green and Company: Lon­
don and New York.

This book is the third of the five volumes of the set. Volumes 
I and II  were reviewed in T h i s  J o u r n a l ,  4, 550 and 698. Volume 
III  closes w ith the chapter on Oils and Fats, following the usual 
alphabetical sequence. The same careful selection of eminent 
authors obtains in this as in the previous volumes, and a number 
of new names appear among the contributors. A  comparison 
of the subject m atter with that of the older edition shows care­
ful revision and extension of the more important topics. A  
large amount of new7 m atter has been added, for example, new 
chapters on Grape, Grape-seed Oil, Greases, Guaiacol, Guan- 
idion, Gypsum, Halogen Acetic Acid, Helium, Hordenine, H y- 
dantoin, Hydrolysis, Indigo (natural and artificial), Invertase, 
Iridium, Isoprcne, Lacquer, Lactic Acid, Lactones, Lard, Leu­
cine, Liquefaction of Gases, Liquors and Cordials, Meat Extracts, 
Mercerizing, Metallography, Monazite, Monel Metal, Neodym ­
ium, Utilization of Atmospheric Nitrogen.

The book is excellently printed on a paper well adapted to 
reference use. The binding is strong and substantial as in 
previous volumes.

It  is hoped that the additional two volumes to complete the 
set will appear promptly. In this revised form the set will be a 
welcome addition to the working equipment of every works 
office, laboratory and reference library.

M. C. W h i t a k e r

Methods for the Analyses of Iron and Steel, Used in Labora­
tories of the American Rolling Mill Co., Middletown, Ohio, 
pp. 62. Illustrations 7. The Republican Publishing Co., 
Hamilton, Ohio.

The preface states that this bulletin is issued on account of 
the numerous requests received for 'copies of the methods used 
in the laboratories of the American Rolling Mill Co., especially 
those referring to the analysis of American Ingot Iron. The 
methods given for the ordinary elements are those of common 
use in iron and steel laboratories, and no claim is made for origi­
nality. The bulletin is intended as an aid to experienced chem­
ists, thoroughly conversant w ith the standard methods for the 
analysis of iron and steel. For detail of method the reader 
is referred to standard text books w ith the exception of the de­
terminations of nitrogen, hydrogen, and oxygen in steel, which 
are given in detail. Criticism and suggestions are invited in 
reference to new or modifications of old methods.

W i l l i a m  B r a d y

Coal, Its Composition, Analysis, Utilization and Valuation. 
E. E. S o m e r m e i e r .  167 pages. Illustrations and tables. 
New Y o rk : McGraw-Hill Book Co. 1912. Price, $2.00.

This book contains a very complete and readable presentation 
of coal testing, including sampling, analysis, calorific determina­
tions, flue gas analysis, boiler test calculations, coal washing 
tests, etc. It  is written with a view to meeting the demand of

the mechanical engineer, chemist, as well as the practical busi­
ness man whether a  seller or purchaser of coal, on all subjects 
relating to same. Tables of analyses of coals from all parts of 
the United States are included.

T he book is particularly valuable to the chem ist as it goes into 
details relating to methods of coal and flue gas analysis and cal- 
orimetric determinations, giving ample details of procedure, 
and points out m any possible causes of errors, their relative 
importance, and means of obviating or correcting for same. 
Much of this data is original and is so im portant that every 
chemist who has to do w ith coal analysis should consult this 
work.

The book appears to be a little w eak on a  few points where the 
author has expressed opinions or made statem ents that are not 
in accordance w ith the m ost recent research work on the sub­
jects w ithout presenting any data or proof to substantiate same. 
This is especially so in connection w ith "Sam pling Coal and 
Fusibility of A sh.”  Also in connection w ith calorimetric work 
and thermometer calibration, the author rather minimizes the 
work of the U. S. Bureau of Standards, while the advantage and 
need of referring all standardization work to them should have 
been emphasized.

E . G. Bailey

Electroplating. A  treatise on the Electro-deposition of Metals 
w ith a chapter on m etal coloring and bronzing. B y W illiam  
R .  B a r c l a y  a n d  C e c i l  H .  H a i n s w o r t h .  Longmans, Green 
&  Co. pp. 399. Price, S2.10, net.

This volume is probably the m ost up-to-date book in English 
that we have on this subject. T he first 116 pages are devoted 
to accessory knowledge in chem istry and electricity, which every 
electroplater should know, but of which few have any under­
standing. Thus we have short chapters on fundamental princi­
ples of chemistry, electrochemistry, electricity, primary batteries, 
the lead storage battery, the dynamo, etc. W hile this informa­
tion is available in m any other sources it is probably an advantage 
to  have it included in a  book on electroplating, thus bringing 
it directly to the attention of the electroplater.

In the discussion of voltage calculation on pages 67 and 6S 
according to the K elvin  equation, the shortcomings of the method 
are not mentioned, which is unfortunate.

Chapters V II and V II I  describe the details of the plant for 
electroplating, construction of vats, rheostats, electrical measur­
ing instruments, cleaning, scouring, sand blast, etc. All 0 
this is well treated and considered in a  practical manner. The 
rest of the book deals w ith the electro-deposition of silver, 
copper, nickel, gold, zinc, brass, iron, cobalt, tin, platinum, 
etc., in a very  thorough w ay. T he control of the baths is de­
scribed and analytical methods given. The formulas for e 
different baths appear to have been carefully chosen. 
ences are given in m any cases, and some of these refer to recent 
work in this line. For example, Field’s admirable work on 
brass is referred to, and also K ern ’s copper, nickel, and zinc b3 

The last chapters are devoted to m etal coloring and finishing- 
Taken as a  whole the book is excellent and should prove ex 
tremely useful.

S. A. Tucks*
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Food Inspection and Analysis. For the use of public analysts, 
health officers, sanitary chemists and food economists. B y 
A lb e r t  E. L e a c h , S.B ., late Chief of the Denver Food and 
Drug Inspection Laboratory, Bureau of Chemistry, U. S. 
Department of Agriculture. Third Edition. Revised and 
enlarged by A n d r e w  L. W in to n , Ph.D ., Chief of Chicago 
Food knd Drug Inspection Laboratory, Bureau of Chemistry, 
U. S. Department of Agriculture. New York: John W iley 
& Sons. Large 8vo. x x i +  1001 pp., 120 figures, 40 full 
page half-tone plates. Cloth. Price, $7.50 net.

This very popular treatise is so well known that a detailed 
description of it is unnecessary. "T h e period since the ap­
pearance of the second edition has been, in America, one of 
steady progress in food science as compared with the period of 
special activity, stimulated by federal legislation, immediately 
preceding and the pioneer period, in which the author was a 
prominent figure, that led to the publication of the first edition. 
Without changing the general plan of the work, which ought 
ever to remain as a monument to the author’s remarkable grasp 
of the subject, new m atter equivalent to about 80 pages, not 
including some 40 pages changed in the last thousand of the 
second edition, and 12 new cuts, have been added. The size 
of the work, however, has been increased but 47 pages, as much 
antiquated matter has been replaced by new, thus performing a 
double service to the reader.”

The text of the book is divided into twenty-one chapters as 
follows:

Chapter I, pp. 1-13, discusses Food Analysis and Official 
Control.

Chapter II, pp. 14-38, The Laboratory and Its Equipment. 
A cut showing the Frcas electric drying and constant temperature 
oven is a new addition to the discussion of laboratory equipment.

Chapter III, pp. 39-52. W hile this chapter is called Food, 
Its Functions, Proxim ate Components, and N utritive Value, 
the major part consists of the classification and discussion of the 
proteins. The small part devoted to nutritive value of foods is 
very inadequate; it is rather strange that the old Rubner physio­
logical fuel values have not been replaced by the more correct 
figures of Atwater which are so generally used at the present 
time.

Chapter IV, pp. 53-80, General A nalytical Methods. The 
reviser has improved this chapter by giving a more complete 
discussion of the modern methods for the detection and de­
termination of arsenic than was to be found in the old edition. 
Apparatus for drying in an atmosphere of hydrogen and the 
Hoskins electric furnace for ashing are illustrated and described. 

Chapter V, pp. 81-99, T he Microscope in Food Analysis. 
Chapter VI, pp. 100-103, The Refractometer. These chapters 

remain unchanged.
Chapter VII, pp. 124-210, is on Milk and Milk Products. 

This chapter shows careful revision— cuts illustrating new forms 
°f Babcock apparatus are substituted for the old ones and the 
discussions of the methods, e. g., in the case of the detection of 
nitrates, have been augmented in order to include improvements 
” hich have appeared since the publication of the second edition, 

he sub-chapters on condensed m ilk, cream, and ice-cream have 
eeti very much improved, a process for the detection of foreign 
at constituting a new and valuable addition.

Chapter V III, pp. 211-269, is headed Flesh Foods. The sub- 
c apter on meats contains the discussion of the composition,
" ° 'esomeness and effect of treatm ent as in the earlier edition; 

c number of analytical methods, however, has been increased 
} methods for the determination of ammonia in m eat and of 

Acidity of fat. A  paragraph on the effects of floating of shell- 
“sh is new to this chapter.

Chapter IX , pp. 261-270, Eggs.
apter X , pp. 271-364, Cereals and Their Products, Legumes, 

egetables and Fruits. This chapter has been rewritten and

improved in several places, especially the part devoted to flour. 
A  method for the determination of sugar in cereal products is a 
noteworthy addition; the sub-chapters on yeast and baking 
powders contain some new material.

Chapter X I, pp. 365-407, Tea, Coffee and Cocoa. The sub­
chapter on tea contains the new. methods for detection of " fa c­
ing.”  The determination of sucrose and lactose in cocoa products 
assumes a new form.

Chapter X II, pp. 408-470, Spices. Several parts of this 
chapter have been rewritten.

Chapter X III , pp. 471-564, Edible Fats and Oils. No im­
portant change.

Chapter X IV , pp. 565-652, Sugar and Saccharine Products. 
The description of several of the analytical methods in this 
chapter have been revised and brought up-to-date; Munson and 
W alker’s lactose table has been corrected and more accurate 
tables of the relation between density and percentage of sugar 
solutions supplant the old one on pages 617 to 620.

Chapter X V , pp. 653-758, headed Alcoholic Beverages, has 
undergone a couple of slight changes. The Bureau of Standards 
table for the calculation of the percentage of alcohol-water 
solutions from the densities is not to be found.

Chapter X V I, pp. 759-781, on Vinegar has been enlarged in 
order to contain a method for the determination of glycerol in 
vinegar.

Chapters X V II, pp. 782-820, Artificial Food Colors. In ad­
dition to the extensive schemes for the separation and identifi­
cation of the various dyestuffs used in sophistication of food 
material contained in the old edition,'there are presented Price’s 
scheme for separating the seven permitted colors and Mathew- 
son’s method for the quantitative separation of acid coal tar 
colors.

Chapter X V III , pp. 821-849, Food Preservatives. A  sub­
chapter on a new food preservative, formic acid, has been added. 

Chapter X IX , pp. 850-856, Artificial Sweeteners.

Chapter X X , pp. 857-899, Flavoring Extracts and Their 
Substitutes. The section devoted to vanilla extract has been 
revised to include several new methods, tests and a "sum m ary 
of the analyses.of authentic samples of vanilla extract.”  The 
lemon extract sub-chapter contains a new section devoted to the 
methods of analysis of lemon oil (also applicable to orange o il) . 
Ginger extract is given place in this chapter.

Chapter X X I , pp. 900-964, on Vegetable and Fruit Products, 
has been completely revised and widened in scope to em body, 
according to the revising author’s preface, "new  sections on 
tomato ketchup, dried fruits, preserves (including maraschino 
cherries), fruit juices, and non-alcoholic carbonated beverages.”  
"In  the final chapter are included descriptions of recent methods 
for the determination of tin, vegetable acids, and habit-forming 
drugs, and for the detection of saponin, also microscopic methods 
for the detection of spoilage.”

Following the final chapter there is an appendix containing 
the amended Federal Pure Food Law  and the Meat Inspection 
Law. The 40 excellent photomicrographic plates are con­
veniently placed at the back of the book as in the past editions.

The reference lists following the chapters do not seem to have 
been so carefully revised as the general text of the book. While 
the recent work published in the government bulletins has been 
included in these reference lists, it is to be regretted that much 
that has appeared in the general chemical literature since the 
publication of the second edition of Leach’s book has been 
omitted. Dr. W inton’s revision, however, has greatly strength­
ened and improved the text of the treatise m aking it  a  valuable 
addition to the libraries of “ public analysts, health officers, 
sanitary chemists and food economists.”

A. W . T h o m as
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NEW PUBLICATIONS
B y  D. D . B e r o l z h e i m e r , L ib ra rian , C hem ists ' C lub, New Y ork

A llo y s  a n d  t h e i r  T e c h n ic a l  U t i l i z a t i o n .  B y A. L e d e b u r . 4th  
edition. 8vo. 214 pp . Price, $¿.00. M. K ray n , B erlin . (G erm an.) 

A s p h a l t  C o n s t r u c t io n  io r  P a v e m e n ts  a n d  H ig h w a y s .  B y C l i f f o r d  

R i c h a r d s o n . Sm . 8vo. 155 pp . Price, $2.00.
B o ile r s ,  M o d e rn  S te a m . B y W . D. W a n s b o r o u g h . 8vo. 168 pp .

Price, $1.25. C. Lockwood, London.
C h e m is t r y ,  G e n e r a l  C r y s ta l lo g r a p h y  a n d  M in e r a lo g y .  B y  E . 

v o n  M e y e r  a n d  F r .  R in n e .  Lex. 8 vo . 650  pp . Price , $5 .50 . B. G. 
T eubner, Leipzig.

C o llo id a l  S ta te  o f M a t t e r ,  T h e .  (T ransla tion .) B y  L e o n a r d o  Ca s s u t o .
8vo. 247 pp . Price, $2.00. T heodor S teinkopff, D resden. (G erm an.) 

C o lo rs , O ils  a n d  V a rn is h e s ,  A  M a n u a l  o f P a i n t e r s ’. B y  G e o r g e  
H . H u r s t  a n d  N o e l  H e a t o n . 5 th  edition . 8vo. 528 pp . P rice , 
S2.75. Charles Griffin & Co., London.

D ic t io n a r y  o f A p p lie d  C h e m is t r y ,  IV : O ils to n e  S o d a -N Itre .  B y  
E d w a r d  T h o r p e . Vol. 5. R evised  edition . 8vo. Price , $12.00. 
L ongm ans, G reen & Co., New Y ork.

D y e in g ,  C h e m ic a l  P r o d u c ts  fo r  U se  in .  B y  P. H e e r m a n n . 2nd 
edition . 8vo. 444 pp . U . H oepli, M ilan. (I ta lian .)

E le c t r o c h e m ic a l  P r a c t ic e .  B y E r i c h  M u e l l e r .  8vo . 22 1  p p .
Price, $2.00. Th. Steinkopff, D resden. (G erm an.)

E l e c t r o c h e m is t r y ,  Y e a rb o o k  o f, a n d  A p p lie d  P h y s ic a l  C h e m is t r y ,  
X I I I ,  1906. B y  H . D a n n e l  a n d  J u l i u s  M e y e r .  8 v o . 823 pp . P rice, 
S8.00. W ilhelm  K n ap p , H alle. (G erm an.)

E n g in e ,  T h e  G as, P e t r o l  a n d  O il. B y  D . C l e r k  a n d  G . A . B u r l s .
Vol. 2. 8vo. 838 p p . Price, $7 .50 . J o h n  W iley  & Sons, New Y ork. 

F i n i s h i n g ,  M a n u a l  of C lo th .  B y  E d it o r s , D yer and Calico P rin ter.
8vo. 300 pp . Price , $6.50. H ey  wood & Co., London.

G as  A n a ly s is .  B y  L. M. D e n n is . 12mo. 434 pp . Price , $2.10.
T he M acm illan Co., New Y ork.

G as A n a ly s is  L a b o r a to r ie s ,  A p p a r a tu s  fo r ,  a t  C o a l M in e s .  B y
G e o . A. B u r r e l l  a n d  F r a n k  M. S e ib e r t . 8vo. 24 pp . U . S . B ureau
of M ines, Technical P a p e r 14.

G as  C o m p a n ie s ,  D ir e c to ry  o f A m e r ic a n .  B y  E . C. B r o w n . L . 8v o .
768 pp . Price, $5.00. T he G as Age, New Y ork .

G as E n g in e e r s  a n d  M a n a g e r s ,  H a n d b o o k  f o r .  B y  N e w b ig g in g s .
8 th  edition. 8vo. Price, $4.50. W alte r  K ing , London.

G as  M a n t l e s ,  I l l u m i n a t i o n  b y  M e a n s  o f. B y  C. R ic h a r d  B o e h m .
8vo. 62 pp . G ustav  H eydenrcich , C harlo ttenburg .

G as P o w e r . B y C. F . H i r s c h f e l d  a n d  T. C. U l b r e c h t .  8 v o . Price , 
$1.50. C hapm an & H all, London.

I l l u m i n a t i n g  G a s, Q u a l i ty  S ta n d a r d  fo r .  B y  J o in t  Co m m it t e e  o n  
Ca l o r im e t r y . 4°. 94 pp . E m pire  S ta te  G as & E lec tric  A ssociation,
New Y ork.

I n o r g a n ic  C h e m is t r y  fo r  E n g in e e r s .  B y  F . D u p r £ . Sv o . 173 p p .
O skar Leiner, Leipzig. (G erm an.)

I n o r g a n ic  C h e m is t r y ,  T e x tb o o k  o f . B y A. F . H o l l e m a n n . l l t h  ed i­
tion . 8vo. 463 pp . Price , $2.50. V eit & Co.. Leipzig.

I n o r g a n ic  C h e m is t r y ,  H a n d b o o k  o f t h e  W o r k in g  M e th o d s  o f . 
Vol. 1. B y  A. S t a e h l e r . Vol. 2. Svo. 742 pp. P rice, $7.00. 
V eit & Co., Leipzig. (G erm an.)

I r o n ,  T h e  M e ta l lu r g y  o f . B y  P a u l  D o m n e r , et al. 8vo. Price , 
$2.00. V inbert, Paris . (F rench.)

I r o n ,  U s in g  t h e  E t c h in g  P ro c e s s  f o r  t h e  T e s t in g  o f ,  b y  M e a n s  o f 
t h e  M ic ro sc o p e . B y  E . P r e u s s .  S v o . P r ic e , $1.50. Ju liu s  Springer, 
Berlin. (G erm an.)

L iq u id  A ir ,  P r o d u c t io n ,  U se  a n d  S to r in g .  B y  O s c a r  K a u s c h . 4 th  
edition. L. Svo. 463 pp . Price, $2.50. Carl S te in a rt, W eim ar. 
(G erm an.)

M e ta l  C a s t in g .  B y E . A. S c h o t t . 8vo. Price , $3.50. B ernh. F ried r. 
V oigt, Leipzig.

M e ta l l i c  A llo y s ,  T h e i r  S t r u c t u r e  a n d  C o n s t i t u t i o n .  B y  G. H .
G u l l i v e r . 2nd  edition. Cr. Svo. 438 pp . Price , $2.75. C. G r i f f in  &  
Co., London.

M e ta l lu r g y ,  I n t r o d u c t io n  to  t h e  S tu d y  o f. B y  H e n r y  L e  Ch a t e l ie r .
Svo. Price, $2.25. D unod & P in a t, Paris. (French.)

M e ta l lu r g y  a n d  A s s a y in g ,  T e x tb o o k  o f E x p e r i m e n ta l .  B y  A . R .
G o w e r . Cr. Svo. 17S pp . Price, $1.00. C hapm an & H all, London.

N a tu r a l  G as, W a s te s  i n  t h e  P r o d u c t i o n  a n d  U t i l i z a t i o n  o f , a n d
M e a n s  fo r  t h e i r  P r e v e n t io n .  B y  R a l p h  A r n o l d  a n d  F r e d e r ic k  
G . C l a p p . Svo . 29 pp . U . S. B ureau  of Mines, T echnical P a p e r  3S. 

P e t r o l e u m :  P r o d u c t io n ,  I n d u s t r y  a n d  C o m m e rc e . B y  L . W e n g e r .
Svo. Price, $1.25. A. R ousseau. Paris. (F rench.)

P e t r o l e u m ,  A  T r e a t is e  o n .  B y  B o v e r t o n  R e d w o o d . Vol. 3. 3 rd  
edition. Svo. 1000 p p . Price, $12.50. C. Griffin & Co., London. 

P ro d u c e r-G a s  P o w e r  P l a n t ,  T h e  C o m m e rc ia l  T r e n d  o f t h e ,  In  t h e  
U n i te d  S ta te s .  B y  R . H . F e r n a l d . Sv o . 93 p p . U . S. B ureau  
of Mines, B ulletin  55.

R a d i u m  (N ew  J o u r n a l ) .  Svo. M onthly. A b o u t 14 pp . Began with 
A pril, 1913, num ber. T he R ad iu m  P ublish ing  Co., P ittsbu rgh . Forbes 
& M eyran Aves.

R u b b e r  T re e . B y  W . F . d e  B o is  M a c l a r e n . Sv o . 300 pp. Price, 
$3.00. M aclaren & Sons, London.

S e rv ic e  C h e m is t r y .  B y  V iv ia n  B . L e w e s . 4 th  e d i tio n . Cr. Svo.
576 pp . Price, $4.20. Longm ans, G reen & Co., N ew  Y ork.

S e w a g e : T r a d e  W a s te  W a te r s  a n d  t h e i r  N a tu r e  a n d  Disposal. 
B y  J . M a c l e a n  W il s o n  a n d  H . T. Ca l v e r t . 8vo . 331 pp: Price, 
$5.00. J .  B . L ip p in co tt Co., New Y ork.

S te e l ,  S t a n d a r d  S p e c if ic a t io n s  fo r .  B y  C o m m i t t e e  o n  S tan dard

S p e c i f i c a t i o n s . 8 v o . Price, $1.50. A m erican Society  for Testing
M aterials, P h iladelph ia .

T e x t i le s ,  T h e  V e g e ta b le .  B y  J .  B e a u v e r ie . Sv o . 290 pp. Price, 
$4.50. G auth ier-V illars , Paris . (F rench.)

T i n  W o r k in g ,  T h e  T e c h n ic  o f . B y  F . G e o r g i  a n d  A . S c h u b e r t .

8vo. 160 pp . P rice , $1.25. M . Jaenecke , Leipzig. (German.) 
W a te r s  a n d  W a te r  S u p p l ie s ,  T h e  E x a m i n a t i o n  o f. B y J ohn C. 

T h r e s h . 2n d  edition . Svo. 644 pp . P rice , $4.50. J .  & A. Churchill, 
London.

W a te r  S u p p l ie s ,  T h e  P u r i f i c a t i o n  o f P u b l i c .  B y  G e o r g e  A. J oh nso n .

Svo. 84 pp . U . S. G eological S urvey , W a te r  S u p p ly  P ap er 315.
Z in c  a n d  C a d m iu m  a n d  t h e i r  P r o d u c t i o n  f r o m  O res a n d  By-products.

B y R . G. M ax  L ie b ig . 8 vo .T  P rice , $ 7 .5 0 .^  O tto  Spam er, Leipzig.

RECENT JOURNAL ARTICLES 3  1
A lc o h o l ,  Q u a n t i t a t i v e  D e t e r m i n a t i o n  o f M e th y l  a n d  E th y l, In 

M ix tu r e s  o f B o th .  B y  J u l iu s  M e y e r f e l d . Chem ikcr ZcHungt Vol 
37, 1913, No. 64, pp . 649-651.

A lk a lo id  S i l l c o tu n g s t a t e s .  B y  H a r o l d  R .  J e n s e n . Pharmaccutical 
Journa l, Vol. 90, 1913, No. 2586, pp. 658-660.

B a r i t e ,  T h e  T e c h n ic a l  M a n u f a c tu r e  o f . B y  L. M a r i n o  a n d  D . D a n e si.

G azzetia  C hiniica Ita liana , Vol. 43, I ,  1913, No. 5, pp . 416-439. )9
C a ta ly s is  b y  O x id a t io n  a n d  R e d u c t io n .  B y H .  H e i n r i c h  F ranck . 

Z citschrift fucr angcwandtc Chcmie, 26 A ufsatzte il, 1913, No. 43, PP- 
313-316.

C o p p e r , T h e  S u lf id  O res o f . B y  L . C. G r a t o n  a n d  J o s e p h  Murdoch. 
B tille tin  of the A m erican  In s titu te  of M in in g  Engineers, 1913, No. 77, 
pp. 7 4 1 -8 1 1 .

D y e s , V a t ,  T h e i r  U se s , P r o p e r t i e s  a n d  M e th o d s  o f A p p l i c a t i o n s .

A n o n y m o u s . T ex tile  Colorist, Vol. 35, 1913, No. 413, pp . 113-138. 
E f f ic ie n c y  B ib l io g r a p h y .  B y  N . H . B. M e y e r , Bibliographer of the 

L ib ra ry  of Congress. M ay issue of Specia l Libraries. N early  1200 titles. 
P rice, $0.25. Special L ib raries A ssociation, 93 B road  S t., Boston. 

E t h y l  A lc o h o l ,  N e w  M e th o d  o f D e t e r m i n i n g .  B y G e o . B. Franx- 
f o r t e r  a n d  F r a n c is  C. F r a r y . Jo u rn a l of P hysica l Chemistry, Vol. 17, 
1913, N o. 5, pp . 402-473.

F e r m e n t a t i o n  I n d u s t r y  i n  1912, P r o g re s s  in  t h e  C h e m is try  of the. 
B y  O. M o h r . Z e itsch rift fucr angevuandte Chem ie , 26 Aufsatzteil, 1913, 
No. 43, pp . 305-313.

F ib e r s  a n d  T e x t i l e s  i n  1912. B y  W il h e l m  M a s s o t . Zeitschrift jver 
angevuandte Chcmie, 26  A u fs a tz te il ,  1913, N o . 3 7 , pp. 257-271 . 

F u r n a c e s ,  S o m e  F u n d a m e n t a l  F a u l t s  o f P r e s e n t-D a y ,  a n d  their 
R e m e d ie s .  B y  A l l e y n e  R e y n o l d s . Engineering, V ol. 95, 1913, 
N o . 24 7 1 , pp . 6 4 6 -6 5 1 .

G a s  E n g in e s  a n d  t h e i r  A p p l ic a t io n s .  B y  W i l l i a m  H . E d m o n d son .

T he  Gas Age, Vol. 31, 1913, No. 11, pp . 551-555.
G a s, S o m e  N o te s  o n  C a r b o n iz a t io n .  B y  E r n e s t  A . F r a n k s . Journal 

of Gas L igh ting , Vol. 122, 1913, No. 2612, pp . 667-669.
H e a t i n g  A p p a r a tu s ,  E l e c t r i c ,  f o r  L a b o r a to r ie s .  B y  C h a r l e s  F ri­

b o u r g . In terna tiona l Sugar J cu rn a l,  V ol. 15, 1913, No. 173, pp. 219-222. 
L ip o c h r o m e s ,  o r  F a t - S o lu b le  C o lo r in g  M a t t e r s  o f N a tu r a l  Origin. 

R e c e n t  A d v a n c e s  in  t h e  C h e m is t r y  o f . B y  G. W . M o n i e r - Williams. 
Chemical W orld , Vol. 2, 1913, N o. 6, pp . 179-181.

N i t r o g e n ,  T h e  F i x a t i o n  o f , b y  M ix tu r e s  o f B a r iu m  O x id  an d  Char­
c o a l .  B y  T h o m a s  E w a n . Jcu rn a l of the Soc ie ty  of Chemical Industry, 
Vol. 32, 1913, No. 9, pp . 467-474.

O il A n a ly s is ,  M e th o d s  o f. B y  Ch a r l e s  E a c h u s . Journal of th* 
Am erican  Leather C hem ists’ Associa tion , Vol. 8, 1913, No. 6, PP- 237-24 . 

P a i n t s ,  L e a d le s s ,  L e a d  a n d  Z in c  P i g m e n t s  C o m p a re d . By *• 
C l a u d e  B u s s e l l . P a in t, O il & D rug R eview , Vol. 55, 1913, No. 2 ► 
pp . 10 -13 .

P r e c i p i t a t i o n ,  E l e c t r i c a l ,  o f S u s p e n d e d  P a r t i c l e s .  B y  L in n  B radley. 
Proceedings of the Engineers' Soc ie ty  of W estern  Pennsylvania, \o l. 
1913, No. 3, pp . 111-134. .

R u b b e r  S o lu t io n s ,  D e te r m in a t io n  o f  t h e  D e g re e  o f V i s c o s i t y  o • 

B y  P. S c h id r o w i t z  a n d  H . A . G o l d s b r o u g h .  In d ia  Rubber Jour*6 

Vol. 45, 1913, No. 17, p p . 16-17.
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RE.CE.NT INVE.NTI0 N5
B y  C. L. Parker, Solicitor of Chem ical P a ten ts , M cGill B uilding, W ashington , D. C.

Portland Cement. T. A. Edison, April 22, 1913. II. S. Patent 
1,059,661. This is a process intended for use in making Port­
land cement in localities where the conditions as to raw m a­
terial are unfavorable for working by the usual methods.

The cement-making material with coal or coke in the proper 
amount to effect the 
fusion are introduced 
into the water-jacketed 
furnace 1. Quartz m ay 
be employed as the 
source of silica and clay 
as the source of alumina.
A small percentage of 
oxid of iron is employed 
as well as limestone to perm it fusion a t a low tempera­
ture. The temperature necessary for fusion is from 1800° 
to a little below 2500° F. and there is produced an 
extremely liquid, non-viscid slag containing approximately 
50% of lime. This is subjected to a powerful blast which 
chills and finely subdivides it. To this, sufficient limestone 
is added to give the proportion of lime desired for the cement 
and the mixture is then calcined.

Potash and Cement 
Clinker. S. Gelliri,
April 8, 19 13 . U. S.

Patent 1,058,686. Sili­
cates containing alkali 
metal compounds are 
burned with a salt of 
an alkaline earth metal.
The residue is subjected 
to the action of am- 
® 0 n i u m carbonate 
vapors under high pres­
sure in a closed chamber 
to render the alkali 
soluble. The alkalies
are then leached out and the residue again burned.

. Persulfates. G. Adolph and A. Pietzsch, April 22, 1913. II. S. 
atent 1,059,809. A  bath containing ammonium sulfate and 

undissolved potassium sulfate is subjected to electrolysis, 
resh supplies of solid potassium sulfate being added from time 
0 time to reconvert the persulfate of ammonium produced into 

the sulfate.

Aluminium Nitrid. 0 . Serpek, April 29, 1913. U. S. Patent
°>5°9- In this process alumin- &

I® nitrid is produced by heat- 
ng alumina and carbon in a  cur- 
fC!U n'trogen in a stationary 
umace. The heating is effected 
y means of electrical resistance, 
e nitrogen being supplied in the 

■nuncdiate neighborhood of the 
'stance and forming a cavity  be- 

«een the resistance and the 
Mtnd produced.

6, iatja'yzer for Hydrogenating Oils and the Like. C. Ellis, May 
Sranu/ ^at‘ I >°®°>̂ 73- The material consists of finely
n r » ^ . act've charcoal coated but not substantially im- 
Pregnated with reduced nickel.

Automatic Gas-Analyzer. A. Mertens, May 6, 1913. U. S. 
Pat. 1,060,996. This apparatus is particularly designed for 
measuring the percentage of carbonic acid in the products of 
combustion of a furnace. In the illustration, a indicates the 
smoke flue which is connected by a pipe, 6, having a dust filter,
c, with a gas measuring chamber, d, which is in turn connected 
with a gas-absorbing chamber, /, by pipe e.

The suction of the gas into the measuring vessel d is effected 
by the automatic em ptying of the gas-measuring vessel through 
the medium of the siphon g. The forcing of the gas into the 
absorber /  is effected through the feeding of the vessel d with 
water conducted from a receptacle, ft, through pipe i. This 
operation is entirely automatic, the liquid flowing from the 
reccptacle h into the vessel d until the moment when the siphon 
g autom atically fills and causes the rapid em ptying of the vessel
d, which emptying is accompanied by a suction of gas which

stops when the siphon empties itself and the forcing of the gas 
sucked in recommences by a fresh arrival of liquid from the 
receptacle ft.

The receptacle ft is a closed vessel connected to a Mariotte 
bottle, ;, regulated so as to cause the flow of a certain quantity 
of liquid from the receptacle ft directly a depression is produced 
therein. Moreover, the absorber /  is connected by a  pipe, k, 
to the receptacle It so that the non-absorbed gas is forced into 
the receptacle ft. The Mariotte bottle j, as well as the re­
ceptacle ft, is provided with a graduation allowing of easily 
ascertaining the volumes of liquid which have flowed there­
from. Consequently when, at the end of a given time, it is 
desired to learn the mean proportion of carbonic acid contained 
in the products of combustion it is only necessary to take note 
of the quantity of liquid which has run from the Mariotte bottle 
; as well as the quantity of liquid which has run from the re­
ceptacle ft. This latter quantity is easily determined by adding 
to the volume V indicated by the graduation as having flowed 
from the receptacle ft, the volume v of the liquid which has 
flowed from the Mariotte bottle ;. The ratio v/ÇV +  v) 
then immediately gives the proportion of the gas absorbed 
with relation to the total quantity of gas treated.

The apparatus is also provided with means which m ay be 
used if desired, to cause the volume of gas analyzed in any 
period of time to vary with the draft of the flue.



M A R K E T  R E P O R T
AVERAGE WHOLESALE PRICES OF STANDARD CHEMICALS, ETC., POR TH E MONTH OF JU N E , I 9 1 3  

O S Q A N IO  C H E M IC A L S

IN O E Q A N IC  C H E M IC A L S

T.b, 21 @ 23
C. 2 .0 0 @ 2.15
Lb. T53A @ 16
Gal. 37 © 39

• Gal. 2 .4 6 @ 2.4S
On). 49 @ 52

.G al. 2 .3 5 @ 2.55
t,b . 10>/8 @ 10V8

■ Lb. 23 @ 27
.G al. 21 @ 23
T.b. 42Va @ 44
T.b. 12 14 V  2
Lb. 6Va @ S
T.b. S @ SV 2
T.b. 25 @ 35
Lb. 411/2 @ 42V j

.0 . 2 .8 0 <$ 3 .4 0
T.b. 6 @ 7
T.b. 14 @ 20

• Lb. 8Va @ 9>/a
T.b. 19 @ 19Va

• L b. 7 V s@ S
■ T.b. 1 .2 0 @ 1.40
.L b . 29 @ 31
Tb, 3>A @ 4
C, 2.0 2 / 2 .5 0
Lb. i V i  @ 5
Lb. 8 @ 9
T.b. 2V s @ 2V 4
Lb. 5 @ 6 Va
L b. 35 @ 35
T.b 3 0V , @ 31

A ceta te  of L ead  (brown, b ro k e n )........................ . . . L b . I V k @ s

A ceta te  of L im e (g ra y ) ............................................ . . .C . 2 .5 0 @ 2 .6 0
A lum  (lum p)....................................................... .. . . . c . 1.75 @ 2.0 0
A lum inum  S u lfate ...................................................... . . .C . 1 .40 @ 1.75
A m m onium  C arbonate, dom estic ......................... . . . Lb. S @ 8 Va
A m m onium  Chloride, g ra y ..................................... . . .  Lb. 6 V 4 @ 6V 2
A q u a  A m m onia (drum s) 16°................................. 2 V< @ 2Va
A rsenic, w h ite .............................................................. . . . L b . 33/s @ 4
B arium  C hloride.......................................................... . .  .C. 1 .70 @ 1.80
B ariu m  N itra te ........................................................... . .  . L b, 5 V < @ 5 Va
B ary te s  (prim e w hite, fo re ig n ) ............................ . . .T o n 18.50 @ 22 .50
B leaching  Pow der (35 p e r  c e n t)............. ............. . . .C . 1.25 @ 1.40
B lue V itrio l................................................................... . . . L b . 5V< @ 5Va
B orax , c ry sta ls  (bags).............................................. . . .L b . 33/< @ 4V ,
B oric A cid, c ry s ta ls  (pow d.).................................. . .  . L b. 7 @ W a
B rim stone  (crude, dom estic).................................. . .  . T on 22.00 @ 22.50
B rom ine, b u lk .............................................................. . .  .L b . 30 @ 35
Calcium  Chloride, fused ........................................... . . .C . 85 @ 1 . 1 0
C halk (ligh t p rec ip ita te d ) ...................’ .................. . .  .L b . 4 @ 5

C hina Clay (im p o rted )............................................. . .  .T on 11.50 @ 18 .0 0

F e ld sp ar.................................................. 1.................... . . . T o n 7 .0 0 @ 9 .0 0

F u lle r’s  E a rth , pow dered, F o re ig n ...................... . . .  Ton 1 4 .5 0 @ 15 .0 0
G reen V itrio l (b u lk )................................................... . . .C . 55 @ 60

H ydrochloric A cid ( 1 8 ° ) .......................................... . .  .C. 1.15 @ 1.55
Io d in e  (resublim ed)................................................... . . . L b . 3 .05 @ 3 . 10
L ead  N itra te ................................................................ . . . L b . S V s @ 8 V .
L itharge  (A m erican)................................................. . .  . Lb. 6V 2 @ 7
L ith ium  C arb o n a te ................................................... . . .  Lb. 65 @ 70
M agnesia (pow dered)................................................ . . . L b . 5 V 2 @ 6
M agnesite (raw )................................................... .. 30 .0 0 <«> 3 1 .0 0
N itric  A cid, 3 6 ° .......................................................... . . . L b . 3 V s @ 41/4
P hosphoric A cid (sp. gr. 1 .7 5 ) .............................. . . . L b . 2 1 V 2 <a> 25Va
P hosphorus.................................................. ................. 35 90
P la s te r o f P a ris ........................................................... . .  .B b l. 1 .50 <a 1 .7 0
Po tassium  B ichrom ate, 5 0 ° ................................... . . . L b . 63/4 <3> 7
P o tassiu m  B rom ide ................................................... 39 40
P o tassium  C arbonate  (calcined) 80 @ 8 5 % ... . .  C. 3 .4 0 <» 3 .6 5
P o tassium  C hlorate, c ry s ta ls .................................. . . .  Lb. 8V 4 93/4
P o tassium  C yanide (bulk) 9 8 - 9 9 % .................... 19 24
P o tassium  H y d ro x id e ............................................... . . . C . 3 .7 5 <a> 4 .75
P o tassium  Io d id e  (b u lk ).......................................... . . . L b . 2 .6 0 2 .6 5
P o tassium  N itra te  (c rude)...................................... . . . L b . 5 <3> —
P otassium  P e rm an g an a te  (b u lk ) . ....................... . . . L b . 9V 4 <a> 11
Q uicksilver, F la sk ....................................................... 4 0 .00 —

R ed  L ead  (A m erican ).............................................. . . . L b . 6V 2 7
S a lt Cake (g lass-m akers ')........................................ . .  .C. 55 @ 65

Silver N itra te ...................................................................... Oz.
S oapstone  in b a g s ..............................................................T on
Soda  A sh (48 p e r c e n t) ................................................... C.
S odium  A c e ta te ......................*...........................................L b .
Sodium  B icarbonate  (dom estic )..................................Lb.
S odium  B icarb o n ate  (E ng lish ).................................... L b .
Sodium  B ich ro m ate ..........................................................Lb.
S odium  C arbonate  (d ry ) .................................................L b .
Sodium  C h lo ra te ................................................................ L b .
S odium  H ydrox ide , 60 p e r  c e n t...................................C.
S odium  H yposu lfite ..........................................................C.
S odium  N itra te , 95 p e r cen t, s p o t...............................C.
S odium  S ilicate  (liq u id )..................................................C.
S tro n tiu m  N itra te ............................................................. L b .
Sulfur, F low ers (sub lim ed).............................................C.
S ulfur, R o ll ...........................................................................C.
Su lfu ric  A cid, 60° B ..........................................................C.
T alc  (A m erican).................................................................T on
T erra  A lba  (A m erican), No. 1......................................C.
T in  B ichloride  (5 0 ° ) .........................................................L b .
T in  O x ide ...............................................................................L b.
W h ite  L ead  (A m erican, d ry ) ................................. .. L b.
Zinc C arb o n ate ................................................................... Lb.
Zinc C hloride (g ran u la te d ) ............................................Lb.
Zinc O xide (A m erican p rocess)................................... L b .
Zinc S u lfa te ......................................................................... L b .

O IL S , W JU CES, E T C .
B eesw ax (pure  w h ite )..................................................... L b .
B lack  M ineral Oil, 29 g ra v ity ....................................... Gal.
C asto r Oil (No. 3 ) . . . . . . ................................... ..................L b .
Ceresin (y e llo w )................................................................. L b.
Corn O il..................................................................................C.
C ottonseed  Oil (crude), f. o. b . m ill  ................Gal.
C ottonseed  OU (p. s. y .) ................................................. Lb.
C ylinder Oil (light, filtered )..........................................Gal.
J a p a n  W a x ........................................ .................................. L b .
L a rd  Oil (prim e w in te r) ................................................. Gal.
L inseed  Oil (doub le-bo iled)............................................G al.
M enhaden Oil (c ru d e )..................................................... Gal.
N eatsfo o t Oil (2 0 °)...........................................................G al.
Paraffine (crude, 120 & 122 m . p . ) .............................L b.
Paraffine Oil (high v isco s ity )........................................G al.
R osin  (“ F "  g ra d e ) .............................................................B bl.
R osin  Oil (first ru n ) .......................................................... G al.
SheUac, T . N ....................................................................... L b .
Sperm aceti (cak e)........................... ......................... .. Lb.
Sperm  O il (b leached w in te r), 3 8 ° ............................... Gal.
S p ind le  Oil, No. 200..........................................................Gal.
S tearic  A cid (doub le-pressed)....................................... L b .
Tallow  (ac id less).................................................................Gal.
T a r  Oil (d is tilled )............................................................... Gal.
T u rpen tine  (sp irits  o f) ..................................... ................Gal.

M E T A L S
A lum inum  (No. 1 in g o ts ) ............................................... Lb.
A n tim ony  (H a lle t’s ) ..........................................................L b .
B ism u th  (New Y o rk )....................................................... L b.
B ronze  po w d er.................................................................... L b .
C opper (e lec tro ly tic ).........................................................L b .
Copper (lake )....................................................................... L b .
Lead. N . Y ............................................................................Lb.
N ickel................ .....................................................................L b .
P la tin u m  (refin ed )........................................................ Oz.
S ilver...................................................... ................................Oz.
T in ................... ........................................................................Lb.
Z inc..........................................................................................L b .

F E R T IL IZ E R  M A T E R IA L S
A m m onium  S u lfa te ...........................................................C.
B lood, d rie d ............................................................ ............. U n it
Bone, 4 V i  an d  50, g round, ra w ...................................T on
C alcium  N itra te  (N orw egian).......................................C.
C asto r m ea l.......................................................................... U n it
F ish  Scrap , dom estic, d r ie d .......................................... U n it
M ow rah m ea l.......................................................................T on
P h ospha te , acid, 16 p e r  c e n t b u lk ............................. T on
P h o sp h a te  rock ; f. o. b . m ine:

F lo rid a  la n d  pebble, 6S p e r  c en t............................T on
Tennessee, 70-80 p e r  c e n t.........................................T o n

P otassium , “ m u r ia te / ' b asis  80 p e r  c e n t . .............. T on
P y rite s , fu rnace size, im p o r te d  .........................U n it
T ankage , h igh -g rade   .......................................... U n it
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