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T H E  M IN IN G  C O N G R E S S

T w o n otable addresses presented a t the recent 
m eeting of the A m erican M in ing C ongress a t P h ila­
delphia arc published in this issue of T in s  J o u r n a l .

A n address on “ Our R adium  R esources,”  b y  C harles 
L. Parsons, of the B ureau of M ines, brings out m any 
valuable fa cts  in connection w ith  th is m ost interesting 
developm ent. He again  calls a tten tion  to  the A m erican 
carnotite deposits as a new source of radium  and the 
possibility  of the production  of th is m aterial in A m erica. 
His address includes a discussion of the m ethods for 
the extraction  of radium , its present m arket value, 
and a w arning to  th e m edical profession and the 
public against the a c t iv ity  of im postors. H e calls 
a tten tion  to the fa c t th a t the U nited  S tates B ureau 
of Standards is preparing radium  stan dards b y  m eans 
of which it will be possible for ph ysician s to  p rotect 
them selves against frauds.

D r. Parsons announces a new p o licy  in the adm inis­
tratio n  of the B ureau of M ines which is of far-reaching 
im portance in industrial developm ents of great public 
interest in the follow ing statem en t: “ I am  authorized
b y  th e D irector of the B ureau of M ines to  announce 
th a t a coop erative agreem ent has been entered into 
w ith the n ew ly organized N ational R adium  In stitu te  
w hereby the Bureau obtains the op p o rtu n ity  of scien­
tific and techn ological stu d y  of th e m ining and con­
cen tratin g of carnotite ores and of th e m ost efficient 
m ethods of obtainin g radium , uranium  and van adium  
therefrom  w ith a view  to increased efficiency of pro­
duction and the prevention  of w aste.”  T h e coopera­
tion of the govern m ent in the solution of the radium  
problem  w ill m eet the h earty  approval of th e m edical 
profession and the general public who are so in tim a te ly  
concerned in the eradication  of cancer.

It  is also proposed to  carry on in vestigation s re­
garding the ph ysical characteristics of th e radium  rays 
in th e hope th a t some or all of the results m ay be du­
p licated  b y  ph ysical means.

R eference is m ade to the forthcom ing announce­
m ent of rem arkable cures effected b y  the use of radium  
and m eso-thorium , and in v iew  of the sensational 
announcem ents in the public press, a u th o rita tive  
statem en ts in this field will be aw aited  w ith breathless 
interest.

T h e address b y  President V an  Hise, a full a b stra ct 
of which is published in th is issue, w ill be read w ith  
keen interest b y  those concerned in the problem  of 
scientific conservation. A  careful analysis of these 
problem s has led P resident V an  Hise to point ou t in 
the m ost forcible lan guage th e obligation s of the 
govern m en t and the public in furtherin g the interests 
of leg itim ate conservation, and the address will be 
exceedin gly suggestive reading n ot only to  th e people 
im m ed iately  connected w ith  industrial developm ent, 
b u t also to  those responsible for our leg islative  and 
ad m in istrative  policies.

I t  is our belief th a t th is address will serve to  em pha­

size th e need of a coop erative po licy  and legislation 
calcu lated  to develop con servation  instead of the 
o b stru ctive  policy now in general favor.

O Z O N E

A  strik in g exam ple of th e danger of commercial­
izing a popular notion w ith ou t first subjecting it to 
proper tests is b rough t out in tw o articles in the 
Journal of the Am erican M cdical Association' for Sept. 
27, on th e P urification  of A ir w ith  Ozone. We were 
ta u g h t in our “ P rep ”  school chem istry th a t it was the 
“ ozone of the cou n try  a ir”  w hich was responsible for 
th e health  and lo n g e v ity  of the rural population; and 
of course the healthfu l effect of ozone we inferred 
was due to its valu e as a d isinfectan t. Furthermore, 
ozone is an energetic oxidizing agen t; so is hydrogen 
peroxide; hydrogen peroxide is a valuable germicide; 
so, we th o u gh t, w as ozone.

O hlm uller’s experim ents, tw e n ty  years ago, together 
w ith  those of several in vestigators since, discrediting 
its germ icidal actio n , did not shake th e popular faith 
in ozone. P ublic officials h ave readily accepted 
claim s such as th e fo llow ing: (1) Ozone is a necessity 
for the destruction  of infectious germ s, for the steril­
ization  of air in op eratin g room s, for the purification 
of air in hom es of persons suffering from  contagious 
diseases, and for g iv in g to  offices and homes the in­
vig o ratin g  air of cou n try , seashore and mountain.
(2) Ozone can not exist excep t m om entarily in air con­
ta in in g organic m atter, and therefore the presence of 
ozone is an indication  th a t the air is sterile and devoid 
of organic m atter. (3) Ozone is unique as a germicide 
b y  reason of th e fa c t th a t it  has no deleterious effect 
on th e higher form s of anim al life, owing to the low 
percentage of carbon in their structure.

In th e first of the tw o articles m entioned, “ Ozone: 
Its  B actericid al, P h ysio logic and D eodorizing Action, 
b y  E . 0 . Jordan, M .D ., and A . J. Carlson, M.D., of 
C hicago, the authors describe an extensive series of 
experim ents un dertaken  b y  them  a t the suggestion 
of, and under a gran t from  The Journal of the American 
M edical Association. T heir in vestigation  was c o m p le te  
and exh au stive and their d ata  fu lly  justify their 
conclusions and sum m ary w hich we quote:

"S o  far as the destruction of bacteria is concerned, ozone 
has little  or no value. Some bacteria are undoubtedly killed 
b y  ozone, especially if th ey  are in a m oist condition and are in 
con tact for several hours w ith  a current of ozone coming direct 
from  the generator. In  practice, however, the fact is of slight 
im portance. H um an beings are injuriously affected by amounts 
of ozone far less than are necessary to produce even this slight 
bactericidal effect, and there is no evidence for supposing that 
a  qu an tity  of ozone th at can be tolerated b y  man has the leas 
germ icidal action. I f  disinfection of a  dosed room without 
inm ates is desired, this can be m uch more effectively carried 
out b y  the use of form aldehyde or some other familiar gaseous 
disinfectant than b y  ozone. Ozone has no place in practica 
room disinfection.

‘ ‘Ozone is not an actual ‘deodorizer’ in concentrations that 
can obtain in practical ventilation. In  very  great concent»
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tions ozone seems capable of oxidizing some odorous substances 
so that the odors are dim inished or changed, bu t the change 
may be in the direction of increasing the disagreeableness of 
the odor. In  very  great concentrations ozone 'm asks' most 
odors by its own intensive odor, and possibly b y  fatigue or 
anaesthesia of the o lfactory epithelium . C ertain  odors are 
masked by ozone even in w eak concentrations. Is such masking 
of odors desirable and generally advantageous? W e think not. 
It is probable th at the in jury to  the respiratory tract b y  ozone 
in sufficient concentration to  a ct as an effective m ask is of greater 
moment than the deleterious action of m ost odors. E xcep t in 
special industrial processes, the unpleasant odor of the inspired 
air in shops, offices or liv ing rooms is usually a sign th at the air 
needs to be renewed or changed. W h y  should we put out of 
commission the sense organ w h ich  aids us in determ ining whether 
or not the air is fit to breathe? I t  seems to us th at this is wrong 
in principle, and th at ozone is being used and w ill be used as a 
crutch to bolster up poor ven tilatin g system s. Ozone does 
not make ‘pure air’ any more than strong spices m ake pure food.

"In concentrations th at appreciably affect m an and animals, 
ozone appears to have uniform ly an injurious action. T his in­
jurious action is prim arily on the respiratory passages— irrita­
tion of the sensory nerve endings, and irritation, corrosion and 
depression of the epithelial cells. T h e depression of the alveolar 
epithelium leads to  changes in the gaseous exchange in the 
lungs, and secondarily to changes in the blood, and ozone head­
ache, depression and drowsiness are produced.

“ Hill and F lack  [Proc. Roy. Soc., 82, 404 (19 11); Jour. Roy. 
Soc. Arts., 6o, 344 (1912) ] point ou t th at ozone gives a certain 
‘tang’ to the air, and thus relieves the im purity (temperature 
and moisture) w hich is a p t to obtain in offices and assem bly 
rooms. This tang is a com bined effect of ozone odor and the 
ozone irritation of the sensory nerves in the respiratory tract. 
We have seen th at this acts (reflexly) on the vascular mechanism 
and it may tem porarily ‘whip u p ’ a fagged brain. B u t is this 
ozone tang any more beneficial or a n y  more physiologic than 
a whiff of sm elling-salts or a puff of the cigarette? W e recognize 
that a certain am ount of variation  in the rate of m ovem ent and 
in the temperature of the air about us aids in m aintaining the 
tonus of the brain, b u t our ventilation  engineers m ust reproduce 
the variability of outdoors b y  actual variations in the air and 
in the rate of m ovem ent of the air in the ven tilatin g systems, 
and not b y  adding a poisonous gas to  the air. N or can we 
accept the suggestion of H ill and F lack  th at sm all amounts

ozone m ay be of therapeutic value in certain diseases of the 
respiratory tract b y  reason of the hyperem ia following the 
ozone irritation. T h e cells injured b y  ozone are probably more 
readily invaded b y  bacteria, and have less than normal power 
of growth and healing despite the hyperem ia. A nd all bacteria 
so far studied are-m uch more resistant to ozone than are the 
cells of the respiratory tract of man and experim ental animals. 
The physiology of ozone points to the conclusion th at the use 
of this poisonous gas as a therapeutic agent is either valueless 
or injurious.”

The second article, “ T h e A lleged  Purification  of 
Air by the Ozone M ach in e,”  b y  W . A . S aw yer, M .D ., 
Director of the H ygienic L ab o rato ry  of the California 
State Board of H ealth , and his co-w orkers, B eckw ith  
and Skolfield, though not as extensive, is no less con­
vincing than th e first. T h e conclusions of these 
authors are quoted also:

The gaseous products of the tw o well-known ozone machines 
examined are irritating to  the respiratory tract and, in con- 
S1derable concentration, th ey  will produce edema of the lungs 
and death in guinea pigs.

A concentration of the gaseous products sufficiendy high 
to typhoid bacilli, staphylococci and streptococci, dried on

glass rods, in the course of several hours, will k ill guinea pigs 
in a shorter time. Therefore these products have 110 value as 
bactericides in breathable air.

“ Because the products of the ozone machines are irritating 
to the mucous membranes and are probably injurious in other 
ways, the machines should not be allowed in schools, offices or 
other places in which people remain for considerable periods of 
time.

“ T he ozone machines produce gases which m ask disagreeable 
odors of m oderate strength. In  this w a y  the machines can con­
ceal faults in ventilation w hile not correcting them . Because 
the ozone machine covers unhygienic conditions in the air and 
at the same time produces new injurious substances, it cannot 
properly be classed as a hygienic device.’ ’

It  is to be hoped th a t the results of these in v esti­
gators w ill receive sufficient p u b licity  to correct 
popular ideas on the germ icidal action  of ozone and 
th a t the w ork will not have to be repeated as it has 
been so m any tim es w ithin  the last tw e n ty  years.

 _________ • A . M . B u s  W E L L

B U R E A U  O F M IN E S  C O A L A N A L Y S E S

G overnm en t purchasing agents, designing and oper­
ating engineers, and the fuel departm ents of industrial 
concerns, dealers in large q uan tities of coal, and per­
sons interested in the d istribution  and character of 
the different coals in the U nited States will find v a l­
uable inform ation  in a report ju st issued b y  the U nited 
States B ureau of M ines as Bulletin 22, en titled  “ A n a ly ­
ses of C oals in the U nited  States, with D escriptions 
of M ine and Field  Sam ples C ollected  betw een Ju ly  1, 
1904, and June 30, 1910.”  T h is report contains the 
analyses of 5,000 sam ples of coal taken from  1,500 
coal m ines and prospects situ ated  in the various coal 
fields of the U nited S tates. N ot only all of the im ­
portan t fields are represented, b u t p ra ctica lly  all of 
the more im portant m ining districts.

The purpose of the B ureau in com piling and pu b ­
lishing th is inform ation is to  present reliable inform a­
tion  regarding the chem ical com position and heating 
value of the coals. T h e sam ples of coals were collected 
b y  experienced men according to a definite and uni­
form  system , and were an alyzed  under carefu lly  con­
trolled conditions, so th a t there m ight be no question 
as to the relative m erits of the different coals so far 
as this can be determ ined b y  chem ical analyses and 
determ inations of heatin g values.

A n increasing proportion of the coal consum ed in 
the power station s and the larger m anufacturin g plants 
of the cou n try  is now being purchased under specifi­
cations based on chem ical analyses and calorim etric 
determ inations of heat units. In the purchase of 
fuels m any m atters form erly left to  chance are now 
carefu lly  investigated . It  is the aim  of m echanical 
engineers to  construct furnaces and to arrange the heat- 
absorbing surface in a furnace w ith  reference to  the 
peculiar character of the fuel which is to be burned. 
N otin g the com position of the fuel and constructin g 
the furnace w ith reference to  it, he can assure efficient 
and sm okeless com bustion. M oreover, in an y par­
ticu lar m arket, the choice of coal is lim ited generally  
b y  its q u ality  and b y  freight rates to  one or tw o fields 
in which the character of the coal beds is com p aratively  
uniform . H avin g on hand a representative analysis
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of th e coal from  a g iven  bed in  a n y  p articu lar d istrict, 
the engineer can determ ine w hether th e  coal he re­
ceives com es from  the bed and the district stated, 
and w hether it  is being prepared for m arket as care­
fu lly  as it  should be. W ide variation s in the com posi­
tions and heatin g values of the coals from  different 
d istricts and from  different beds m ake com parable 
analyses alm ost indispensable to  engineers havin g 
to  install boiler or gas-producer plan ts in different 
cities, as well as to railroads and steam b oat com panies, 
and to  the engineers and purchasin g agents of the 
various departm en ts of th e U nited  S tates G overnm ent.

T h e B ureau of M ines report is in tw o parts: one 
gives tfre m ethods used in collecting and an alyzin g 
th e sam ples and the results of th e analyses; the other

gives th e exa ct location  from  w hich each sample of 
coal w as taken , togeth er w ith a description of the 
characteristic  features of th e coal bed at the point 
of sam pling, th e nom inal c a p a city  of th e mine and such 
notes on th e preparation  of th e coal as m ight be use­
ful to  consum ers. T h e d a ta  contained in thèse two 
volum es are n ot equalled  in scope and detail and in 
va lu e  for com p arative purposes b y  the figures that 
h a ve  been published b y  an y other coal-producing 
c o u n try  in th e world. T h e G overnm en ts of some of 
these countries h a ve  published analyses of coals 
from  different mines and from  different districts but, 
w ith few  exceptions, the sam ples of coal were not 
collected  and a n alyzed  under a uniform  system that 
would m ake th e results com parable in all respects.

ORIGINAL PAPERS
C O P P E R  C O V E R E D  O R  C O P P E R  C LA D  S T E E L 1

T H E  M A N U F A C T U R E , P R O P E R T IE S  AND U SES O F C O M P O S IT E  
M E T A L  M A D E BY A L L O Y IN G  O R  W E L D IN G  

C O P P E R  AND ST EE L

B y  J a m e s  O t is  H a n d y

Of the m etals in com m on use, copper is th e on ly  one 
which occurs n atu ra lly  in large q uan tities in th e m e­
ta llic  state. T h e great n ative  copper deposits of 
M ichigan  are the best illustration  which could be 
found of the extraord in ary  resistance of copper to 
corrosion.

T h e m etals zinc, tin , and lead, w hich are com m only 
used as p ro tective  coatings for iron and steel, do not 
occur in the n ative state  and do not approach copper 
in d u ra b ility  under atm ospheric conditions. T h eir 
use is com p a ra tiv ely  m odern and in the case of tin  
(now selling a t 41 cents per pound) is com m ercially  
possible only because of the exceedin gly  thin  coat 
which m ay be put on (2 lbs. per box m eans a 0.00012 
inch tin  coating).

T h e n ecessity  of protectin g  iron from  corrosion and 
the desirab ility  of stren gthen in g copper a lloys used 
for prim itive tools and w eapons led, at a v e ry  early  
period, to  th e use of a com bination  of an iron core and 
a bronze covering. Such articles h ave been found 
in th e ruins of N im roud, an ancient A ssyrian  city , 
and am ong th e rem ains of the Swiss L ake D w ellers 
(Friend: “ Corrosion of Iron and S tee l,”  page 8).

For sim ilar reasons, the union of iron or steel w ith 
copper in such a m anner as to  obtain  a com posite 
m etal retaining unim paired the good qualities of 
both m etals has long been a desideratum .

M an y inven tors have given  their atten tion  to  the 
difficult problem  of securely u n iting iron or steel with 
copper, and the p aten t literatu re of the U nited  S tates 
and of E uropean  countries contains m any illu stra ­
tions, chiefly of unw orkable or im perfect processes.

T h e earliest p aten t we have found w as one issued 
to Poole, of E ngland, in the year 1821. C opper or 
brass was m elted in a shallow  cast iron pan (B ritish  
P aten t 459S of 1S21).

1 Paper presented a t  th e  48th m eeting of the  Am erican Chemical 
Society, Rochester, Septem ber 8-12, 1913.

T h e com m ercial electro-deposition  or electroplating 
of copper on iron or steel seems to  h ave started before 
1840, in E n glan d. T h is process has been used chiefly 
for the production  of th in  coatings, b u t processes have 
been developed b y  E lm ore and others for making, 
b y  electro-deposition, copper tu b es of considerable 
thickness.

Such a process w as u n do u b ted ly  used commercially 
b y  th e m anufacturers who, in the year 1883, supplied 
to the P osta l T elegrap h C ab le C om p an y bimetallic 
wire consisting of a hard  steel core wire 0.120 inch 
in diam eter surrounded b y  a seam less, electro-plated, 
closely-fittin g copper tu b e h a vin g  approxim ately 0.042 
inch walls. T h e ratio  of steel to  copper by weight 
w as abou t 1 : 3 (Figs. 1 and 2).

T h e sam e com pany used also a com pound wire con­
sisting of a steel core wire surrounded first by a thin 
electro-deposited copper sheath 0.008 inch thick 
and then b y  a w rapping of h eavier copper with walls
0.044 inch th ick  (Figs. 3 and 4).

In  neither ty p e  of wire w as there a bond between 
copper and steel other than  a close conformation. 
T h e w orkm anship w as so excellent, however, that 
sam ples ta k en  down after 28 y ea rs ’ exposure in the 
line from  N ew  Y o r k  to  C hicago showed absolutely 
no corrosion of th e steel core. T h e copper sheaths 
retained the dim ensions given  above.

D esire to  solve the problem  of uniting copper with 
iron or steel w ould n atu ra lly  lead  to attem pts to make 
a w eld b y  processes analogous to  th e  one successful with 
iron or m ild steel. W hen, how ever, heating and ham­
m ering iron and copper togeth er failed, even with the 
use of various fluxes, to produce a weld, it  became ap­
parent th a t the problem  w as a difficult one.

In ven to rs tried  to follow  established methods for
coatin g one m etal w ith  a m ore fusible one, e. g• >the

coatin g  of iron or steel w ith  zinc, tin , or tin-lead alloy 
b y  passing the form er m etals, properly cleaned, t h r o u g h  

b ath s of th e m elted, fusible m etals. The high melt­
ing point of copper and its  strong tendency to oxidize 
when m elted, offered great obstacles. Coatings ma e 
b y  dipping steel into  m elted copper are always thin 
if th e steel is hot, and are usually  im perfectly a d h e r e n t .
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The id e a s  o f  c a s t in g  m e lte d  c o p p e r  in  c o n s id e r a b le  

amount a g a in s t  a n  ir o n  o r  s t e e l  b a s e  o r  a r o u n d  a  s te e l 

core, or o f  c a s t in g  ir o n  o r  s t e e l  in s id e  a  c o p p e r  tu b e ,  

were c o n c e iv e d  a n d  t r ie d  b y  t h e  f o l lo w in g  in v e n to r s :  

"Rollers for Printing F ab rics,”  British P at. 1924 of 1856; 
Tytherleigh. Method.— D ipping iron in m elted copper; then 
heating and casting more copper around it.

“ Im provem ent in C oating M etals ,”  U . S. P at. 21,797 of 1858; 
Hiler. Method,— C asting iron or steel in a copper mold and 
com pleting the union b y  rolling.

Specification.— “ I have discovered th at the best union of the 
iron or steel w ith  its coating m etal can be m ade b y  heating the 
iron or steel until it is fused  and bringing it while in th at condi­
tion in con tact w ith the coating m etal, and keeping it so in con-

F ig . 1 X 1 1  F ig . 2 X  44 F ig . 3 X 1 1
Postal Telegraph” W ire w ith Steel Core ‘Postal Telegraph” W ire with Steel Core “ Postal Telegraph” W ire w ith Steel Core,

and E ntire ly  Electrodeposited and Entirely  Electrodeposited Electrodeposited Tube, and Folded—on
Copper Covering Copper Covering Copper Cover

Specification.— " I n  carrying m y invention into effect, I  take ta ct until both m etals have become cooled to  a proper tem pera-
a hollow iron cylinder, of som ewhat less diam eter than the roller ture.” .......................... “ On the melted iron being poured into the
or cylinder to be m anufactured. I prefer to perforate the said mold in  contact with the coating metal the latter becomes fused by
cylinder with holes. I  clean the said iron cylinder b y  acids or the heat of the former; but before it  is so fused the iron has parted
otherwise. I afterw ards cover the said iron cylinder w ith borax w ith so much of its heat as to  be sufficiently chilled to  prevent
or other suitable flux, and heat it sufficiently to fuse the flux the coating m etai from m ixing w ith the iron, and also to  pre-
thcreon. In  another furnace I heat a pan or vessel (made of ven t the said coating m etal from sinking down and occupying
a material capable of bearing the requisite heat), the said pan the bottom  of the m old.”
or vessel containing copper, brass, or other a lloy of copper. Claim.— "W h a t I claim  as m y invention, and desire to secure
When the copper or a lloy  is fused, I p u t the iron'cylinder therein b y  Letters Patent, is: T h e coating iron or steel w ith copper,
and turn it, so as to  coat it  w ith  the m etal. I  take the cylinder silver, or brass, or alloys where silver or copper is used, b y  bring-
from the said pan or vessel, and w hile hot I  put it  in a hollow ing the iron or steel, while in a  m elted state, into con tact w ith
cylinder or mould, closed a t  bottom  w ith  c lay  or other suitable the coating metal, and allowing them to so remain until the tw o

F ig . 4 X 44 
Postal Telegraph” W ire w ith Steel Core, 
Electrodeposited T ube, and  Folded— on 

Copper Cover

F ig . 5 X 50 
Com m ercial Alloy Union of Copper and Iron. 

Longitudinal Section of “ M onnot-Du- 
plex” Wire

F ig . 6 X 44 
Commercial Alloy Union of Copper and Iron. 

Cross Section of “ Duplex Copper- 
C lad” Wire

oatenal. I place a core or axis in the iron cylinder, and adjust 
ll> by screws or otherwise, in the axis of the mould. I put 
&e whole into a  furnace, and w hen the coating on the iron 
c> Under begins to m elt I  pour fused copper or copper alloy into 
^e mould, and I m aintain  the heat until the copper or alloy is 
thoroughly incorporated w ith  the coating on the iron cylinder;

e fee is then slackened, and the w hole allowed to  cool. The 
roller or cylinder is afterw ards finished b y  the process of turning.”

m etals have become hard b y  cooling, substantially as specified.”  
Suggested Uses of H iler Product.— Stair rods, trunk nails and 

bands, buttons, etc.
"Im provem ent in Line-W ires for T elegraph,”  U . S. P at. 

47,940 of 1865; Farm er and M illiken. Method.— C asting copper 
around an iron bar; then rolling and drawing into wire. T his 
seems to be the pioneer patent on telegraph wire composed 
of copper w ith a  steel core.



886 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 5, No. 11

Specification.— “ In the construction of aerial telegraph lines 
the general practice, as is well known, is to  use iron wire for 
transm ission of the electric current, this wire being galvanized 
or covered w ith  a thin coating of zinc to  prevent oxidation. 
In  the earlier constructions of lines it was som etim es attem pted 
to  use copper wire, but for w an t of tensile strength in such wire 
its use had to  be abandoned. Y e t  the em ploym ent of copper 
wire is a desideratum  on account of its great superiority over 
iron as a conductor, and could its tensile strength be m ade equal 
to  th at of iron it would, to a  great extent, supersede the iron 
wire.”

“ Our invention, therefore, consists in a  copper telegraph 
wire cored or covered, for the purpose of strength, w ith  iron or 
steel.”

“ In carrying out the invention or constructing this compound 
wire we prefer to  core the copper w ith iron, first casting the copper 
around an iron bar and then b y  the processes of rolling and draw ­
ing attenuating the sam e into wire b y  the w ell-known m ethods 
of wire-drawing. I t  w ill be obvious, however, th at the iron can 
be placed around the copper and the resultant bar drawn out 
into a wire, leaving the copper in the center; b u t the first-nam ed 
construction w e consider preferable, as the iron is protected from 
oxidation, and the m anufacture of this wire is the more prac­
ticab le.”

Claim .— “ A s a new article of m anufacture, a telegraph wire 
reenforced, for the purpose of strength, w ith a core or cover 
of iron or steel, the wire being made b y  draw ing a  compound 
bar of the tw o m etals.”

“ Im provem ent in Com bining Copper w ith  C ast S teel,”  
U . S. P at. 73,375 of 1868; Park. Method.— C asting steel in 
a  hollow copper ingot, previously heated.

Specification.— “ A  com bination or union of copper w ith  some 
harder, and stronger m etal has been long needed for m any 
purposes in the arts and m anufactures, such as locom otive 
fire-box sheets, wire for ships’ rigging, rods, bolts, spikes, and 
various other articles for which copper alone cannot be em ployed, 
owing to  its softness and w an t of strength .”

" M y  invention consists of com bining copper w ith cast steel, 
b y  casting the m olten steel 011 or around the copper, which is 
previously heated, thus form ing an ingot which m ay be hamm ered, 
rolled, or otherwise w orked into any desired shape, the steel 
being tem pered or hardened as m ay be desired after it is w orked.”  

" I f  it is desired to have steel in the center and copper all 
around it, as is required for m aking copper-coated steel wire, 
or copper-coated spikes or rods, I prepare a hollow ingot of 
copper, into the center or c a v ity  of which, after it has been heated 
to  a good red heat, I teem or pour the m olten cast steel. In  
this case no m ould would be necessary, b u t m ay be used if pre­
ferred. Such ingot m ay be drawn out into wire, or worked into 
other articles, such as bolts, spikes, e tc .”

Claim .— “ Com bining copper and cast steel b y  heating the 
copper to  a good red heat, and teem ing or pouring thereupon 
liquid m olten cast steel, substantially as and for the purposes 
hereinbefore described.”

"P rocess of M anufacturing Com pound Telegraph W ire,”  
U . S. P at. 310,995 of 1885; Farm er. Method.— Copper plated 
iron w ire drawn through m elted copper.

Claim.— “ 1. T h e m ethod herein described, of m anufacturing 
com pound telegraph wire, which consists in electroplating a 
steel or iron wire w ith  a  thin film of copper, then drawing the 
same through molten copper and shaping the coating in su b­
stan tia lly  the manner set forth.”

“ Im provem ents in the M an ufacture of W ires, French P at. 
168,133 of 1885; M artin . Method.— (a) C astin g copper in iron 
tube. (b) C astin g copper around m edial part of iron bar and 
then reheating and rolling, e tc .”

In  an 1888 supplem ent to the above p aten t he de­
scribed casting copper around the m edial part of a

steel bar. He then rolled and drew  it. Martin seems 
to have introduced  b im etallic  wire v e ry  extensively 
in Fran ce and elsewhere in E urope. His work appears 
to be th e com m ercial developm en t of the ideas of 
F arm er and M illiken.

Claim .— “ I claim  in this supplem ent to m y principal patent 
m y perfected m ethod of m aking bim etallic wires in which the 
m etal w hich forms the exterior envelope is more ductile than 
th at which form s the interior core, this m ethod consisting es­
sentially in casting the m etal intended to form the envelope 
around the m edial portion of the rod which m ust form the heart 
of the wire, and in extending the rod so partially covered by 
the m etal of the envelope b y  alternate passes first ¡11 one direc­
tion and then in the other betw een the rolls of a rolling mill."

“ Process of Producing Com pound M etal Bodies,”  U. S. Pat. 
853,716 of 1907; and “ Copper C lad  Iron and Steel,”  893,932 
of 1908; M onnot.

M onnot develops further the plan suggested by 
T yth erle igh , Farm er and M illiken, and Martin. He 
uses superm olten, i. e., v e ry  hot m elted copper to give 
a thin  in itia l coating and then  casts copper around 
th e coated  steel billet. He fin ally  reheats and rolls.

Specification.— (U. S. Pat. 853,716.) “ W hen at the super- 
m olten tem perature m an y m etals are very  sensitive to flame, 
gases and other bodies, readily becom ing impure; and there 
is reason to  believe th at a t such tem peratures such metals hare 
a solvent action on other solid m etals placed in them.

“ B y  ap plyin g only a thin film coating b y  the action of super- 
m olten m etal, and then applying the m ain coating by means 
of m etal nearer its point of solidification, there is less probability 
of reduction of quality of the coating metal. However, the main 
coating may be and frequently is  formed entirely from supermolten 
metal, this method having the important advantages of requiring 
less manipulation and fewer baths of molten metal.''

Claims.— (U. S. P at. 893,932.) “ 1st. A s a new article of
m anufacture, a ferrous m etal base, having a welded-011, contin­
uous, poreless, dense coating of copper united thereto by a union 
resisting tem perature changes, cuttin g tools, and mechanical 
stresses, said coating having the properties of metal set from a 
liquid state.

“ 2nd. A s a new article of m anufacture, an extended metal 
article com prising a ferrous m etal base and a continuous, pore- 
less, dense coating of copper w eld-united thereto, by a union 
resisting tem perature changes, cu ttin g  tools, and mechanical 
stresses; said ferrous base and copper coating having been ex­
tended together.”

In all of the above processes excep t those of T y th e r ­
leigh and M on n ot, heatin g and rolling are essential 
to  com plete th e union betw een the tw o metals. The 
unions are more or less perfect according to whether 
the operator reads into th e paten ts effective m e a n s  0! 
keeping the a b u ttin g  surfaces clean at the critical 
in stan t. T h e products of m ost of these p ro c e s s e s  con­
ta in  copper and iron alloys because steel dissolve5 
readily  in m elted copper and m elted steel dissolves 

copper w ith great speed. Copper in steel or iron 
in copper are d isadvan tageous electrically because 
th e y  harden th e principal m etal and diminish the con 
d u c tiv ity  of com posite wire. C opper in steel r e ta r  s 
i t s  corrosion (B u ck , T h i s  J o u r n a l ,  5 > 4 4 7 )-

I t  is possible b y  skilfu l regulation  of temperatu*1-- 
of casting and b y  proportioning correctly  the amount 
of m elted m etal and of th e  solid m etal core or tu e, 
to avoid  a lloy  form ation, excep t in the Tytherleig ? 
P ark, and M onnot procedures. In the latter,



alloy is inten tionally  m ade, and the fa ct is considered 
an important m echanical ad van tage, counterbalancing, 
in the inven tor’s opinion, th e higher electrical resist­
ance.

There have been a num ber of a ttem p ts to  utilize 
hydraulic pressure and m eans other than  rolling pres­
sure to weld cast copper w hile still h o t to steel. As 
examples of these are the follow ing:

"New Process of M an u facturin g B im etallic  Plates and W ires,”  
Belgian Pat. 171,442 of 1903, M artin.

Claim.— " A  process of m aking bim etallic plates and wire, 
which consists in applying on the inside w alls of a conical ingot 
mold, widened a t the bottom , a lining or sheet of copper, of silver, 
of brass, etc., covering all or a part of the surface of the ingot 
mold, then running the steel into the mold, and (finally) forcing 
out the ingot through the sm all end of the mold b y  the use of 
a hydraulic press whose piston presses against the large end of 
the ingot, in such a  w a y  as to  weld the tw o m etals and to suppress 
all flaws between them .”

“ Process of M akin g B im etallic  P roducts,”  U . S. P at. 853,932 
of 1907, Monnot and Martin.

The chief feature of these p aten ts, which both cover 
the same processes, is th e  forcin g of a cast, com posite
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of the plates from scale, oxid, or other impurities, then coating 
or covering one or more faces of this plate w ith  a m etal or an alloy 
thereof having a lower fusing point, then applying to this coated 
surface a plate of m etal or an alloy of the same character as the 
coating, b u t free from any coating, then applying heat to the 
tw o plates, and finally uniting b y  pressure, substantially  as de­
scribed.”

T h e  n e w  m e th o d s  in tr o d u c e d  b y  G r if f i th  w e r e  th e  
p la t in g  o f  t h e  iro n  w ith  c o p p e r , e ith e r  b y  c h e m ic a l  o r  

e le c tr ic a l  d e p o s it io n , a n d  t h e n  p la c in g  c o p p e r  a n d  c o p p e r -  

c o a te d  ir o n  in  c lo se  c o n t a c t ,  h e a t in g  th e m  u p  a n d  r o l l in g  

th e m  to g e t h e r  a t  th e  p r o p e r  te m p e r a tu r e .  T h e  c o p p e r -  
p la t in g  o f  th e  ir o n  p r e v e n t s  i t s  o x id a t io n  a n d  k e e p s  

it s  s u r fa c e  in  c o n d it io n  t o  u n ite  f ir m ly  w it h  t h e  c o p p e r  

w h e n  t h e  t w o  m e ta ls  r e c e iv e  a  p r o p e r  r o l l in g  p re s s u re  
a t  t h e  r ig h t  te m p e r a tu r e .  T h e  te m p e r a t u r e  r e c o m ­

m e n d e d  b y  G r iff ith  w a s  a b o u t  1 7 0 0 °  F .  T h e  w r ite r  

h a s  o b s e r v e d  t h a t  a t  9 5 0 °  C .  ( 1 7 4 2 0 F .)  w e ld in g  o f 

c o p p e r  t o  c o p p e r - p la te d  ir o n , r o lle d  a s  c o m p o s ite  
c y l in d r ic a l  b i l le ts ,  w a s  c o m p le te  a f t e r  th e  f ir s t  fe w  

p a ss e s . W e ld in g  b y  r o l l in g  p r e s s u re  is  t h e  m o s t  e f ­

f e c t iv e  m e th o d . F o r c in g  t h r o u g h  a  d ie  o r  o th e r w is e
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F ig . 7 X 44 F ig . 8 X 44 F ic . 1 1 X 1 1
Commercial Alloy Union. Commercial Weld Union of Copper and Iron. Alloy Union of Copper

Defective Steel Cross Section of S tandard  and Iron a t
Core C. C. C .” W ire 1130° C.

ingot th r o u g h  a  d ie , o r  t h e  u se  o f  h y d r a u l ic  p re s su re  
on p ro p erly  h e a te d , f la t  s la b s , in  o r d e r  in  b o th  c a s e s  to  

1 get a w eld  b e fo r e  f u r t h e r  w o r k in g . T h is  p r a c t ic e ,  

even if s u c c e s s fu l,  s e e m s  e x p e n s iv e  a n d  is  s u p e r f lu o u s  

if heatin g a n d  r o ll in g  a r e  t o  fo l lo w .

In th e  p ro c e s s  o f  G riffith  ( U . S . P a t .  580 ,34 4  o f  18 97) 
for “ U n itin g  o r  W e ld in g  M e t a l , ”  th e r e  w a s  a  r e tu r n  

to the o r ig in a l id e a  o f  w e ld in g  w it h o u t  f ir s t  m e lt in g  
either c o p p e r  o r  iro n .

Specification.— “ T o  this end the invention consists in the pro­
cess hereinafter described, in which the plate, bar or other article 
°f iron or steel is first cleansed from  scale or oxid; its surface 
or surfaces then covered w ith  a coating or deposit of copper or 
an alloy of copper or a n y  other suitable m etal or a lloy thereof 
eapable of being deposited b y  chem ical or electrical deposition 
or otherwise, in this instance b y  the action of a bath of a  solution 
°f the salts of copper; is then placed face to  face w ith a sheet or 
Plate of copper or an alloy thereof; is then heated to the proper 
degree, and, finally, is passed through rolls or is subjected to 
Pressure requisite to  effect the perfect and intim ate welding of 
the metals.”

Claim.— “ The herein described process of uniting or welding 
Plates of metal of different kinds, which consists in cleansing one

u s in g  h y d r a u l ic  p re s s u re  a re  v e r y  c u m b e r s o m e  m e t h ­

o d s.

G erm an P at. 152,042 of 1903, W achw itz.

T h is  in v e n t o r  u se s  a lu m in u m  a s in t e r m e d ia r y  in  e f ­

f e c t in g  a  u n io n  o f c o p p e r  a n d  ir o n . H e  r o lls  c le a n  
a lu m in u m  a n d  c o p p e r  s h e e ts  t o g e t h e r  a t  a b o u t  8 0 0 0 

F . H e  r u b s  m e ta ll ic  a lu m in u m  in to  t h e  s u r fa c e  o f  

c le a n  iro n . H is  f ir s t  o p e r a t io n  in  s h e e t  m a n u f a c t u r e  
is  t o  b in d  t h e  c o p p e r - a lu m in u m  s h e e t  t o  t h e  iro n -  

a lu m in u m  s la b  a n d  h e a t  a n d  ro ll. T h e s e  c o m p lic a te d  

o p e r a t io n s  a re  s a id  t o  p r o d u c e  a  s e c u r e  w e ld .

U. S. P at. 1,065,727 of 1913, R o ck ey and Eldridge.

T h is  is  a n  a t t e m p t  t o  m a k e  c o p p e r - c la d ,  s te e l  b y  

d ip p in g  in to  s u c c e s s iv e  b a t h s  o f  m e lte d  c o p p e r  c o v ­

e re d  w it h  m e lte d  b o r ic  a n h y d r id e .  I t  is  m e n tio n e d  
o n ly  t o  s h o w  t h a t  e ffo r ts  a re  s t i l l  b e in g  m a d e  a lo n g  

th e  lin e s  in d ic a t e d .
I t  h a s  b e e n  n o t e d  t h a t  w e ld e d  c o m p o s ite  m e ta l 

m a d e  b y  th e  G r if f ith  p ro c e s s  c o n ta in s  l i t t le  o r  n o  c o p ­

p e r - ir o n  a l lo y .  S p r in g ,  in  18 7 8 , b y  p r e s s u r e  a lo n e  
( w ith o u t  h e a t ) ,  p r o d u c e d  a l lo y s  o f  c e r ta in  m ix e d  m e ta l
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filings (L aw , “ A llo y s ,”  page 3). It has also been asserted 
th a t solid m etals m ay be united in thin  layers a t the 
point of con tact b y  the use of h ea v y  pressure and th a t 
the union is an alloy. I t  m ight n a tu r a lly  be expected 
th a t when forced together a t 950° C ., copper and iron 
m ight superficially  alloy. The fa ct rem ains, how ever, 
th a t  copper-clad steel wire m ade b y  the “ C o lo n ia l”  
and “ S ta n d a rd ”  developm ents of the G riffith process,

F i g . 9 — W i r e - D r a w in g  B e n c h  

T he Dies are a t  the  L eft of E ach Reel. Each Die and  Reel Form  
an Independen t U nit

has a c o n d u ctiv ity  alm ost th e sam e as the sum of the 
co n d u ctiv ities of the iron and copper com posing it. 
T h is  is not true of copper a lloyed  w ith  iron nor of the 
products of other processes w ith w hich the w riter is 
fam iliar.

T a b l e  I — C o n d u c t iv it ie s  B a s e d  o n  P e r c e n t a g e s  b y  V o l u m e , C o n ­
d u c t iv it y  o f  C o p p e r  b e i n g  A s s u m e d  a s  100  a n d  o p  S o f t

S t e e l  a s 13.5
C

B C onductiv ity A C onductiv ity R atio
%  steel of th e  steel % copper to ta l A  : C

0 0 100 100.0 1 : 1
10 1.35 90 91.35 1 : 1.015
20 2 .70 80 82.70 1 : 1.034
30 4.05 70 74.05 1 : 1.058
40 5 .40 60 65.40 1 : 1.090
50 6.75 50 56.75 1 : 1.135
55 7.43 45 52.43 1 : 1.165
60 8 .10 40 48.10 1 : 1.202
65 8.78 35 43.78 1 : 1.251
70 9.45 30 39.45 1 : 1.315
77 10.40 23 33.40 1 : 1.452
80 10.80 20 30.80 1 : 1.540
90 12.15 10 22.15 1 : 2.215

100 13.5 0 13.5

T h e accom p an yin g tables show  how  rem ark ab ly  uni­
form  the “ w eld ed ”  copper-clad wire is and how  closely 
the actu al and the calcu lated  con d u ctiv ities corre­
spond. In the “ a llo y e d ”  ty p e  occasional sam ples 
show  close agreem ent, but in general there is a n otice­
able deficiency and in several cases the low actual con­
ductivities are rem arkable.

T h e b etter showing of the “ w eld ed ”  ty p e  is un­
d ou b ted ly  due to  the high p u rity  of th e copper co a t­
ing, which is free from  iron a lloy  or oxide of copper.

In  th is connection  it  is of interest to en deavor to 
define “ w e ld ”  and to com pare w elded w ith  alloyed  
copper-clad steel.

A  w eld, un til the ad ven t of electric and oxy-acety l- 
ene m ethods of u n iting m etals, m eant sim ply th e join-

T a b l e  I I — C o n d u c t iv it ie s  B a s e d  o n  P e r c e n t a g e s  b y  W e ig h t , C on­
d u c t iv it y  o f  C o p p e r  b e i n g  A s s u m e d  a s  100  a n d  o f  S o f t  

S t e e l  a s  1 4 .3
C

B C onductiv ity A C onductiv ity R atio
%  steel of the  steel % copper to ta l A : C

0 0 100 100.0 1 : 1
10 1.43 90 91.43 1 : 1.016
20 2 .86 80 82.86 1 : 1.036
30 4.29 70 74.29 1 : 1.060
40 5.72 60 65.72 1 : 1.095
50 7.15 50 57.15 1 : 1.143
55 7.87 45 52.87 1 : 1.175
60 8.58 40 48.58 1 : 1.215
65 9 .30 35 44.30 1 : 1.266
70 10.01 30 40.01 1 : 1.333
77 11.00 23 34.00 1 : 1.478
80 11.44 20 31.44 1 : 1.570
90 12.87 10 22.87 1 : 2.287

100 14.3 0 14.3

T a b l e  I I I —C o n d u c t iv it y  o f  S o f t  S t e e l  W i r e s  C o n t a in e d  in  C o ppb r - 
C l a d  S t e e l

M axim um  M inim um  Average
"W e ld e d ” ty p e .......................  12 sam ples 14.41%  14.04%  14.28%
"A llo y ed ” ty p e .......................  9 sam ples 14.02%  13.44%  13.74%

F i g . 10— C o n t in u o u s  W i r e - D r a w i n g  M a c h in e  
Six Sire R eductions in O ne O peration

T a b l e  IV— A c t u a l  C o n d u c t iv it y  o f  C o p p e r - C l a d  W ir e  S a m p l e s  C om­
p a r e d  w i t h  C a l c u l a t e d  C o n d u c t iv it y

Conductivity

Copper A ctual Calculated
"W e ld ed ” ty p e ........................... 2 2 . 8 %  35 .20%  34.60%
"W e ld ed ” ty p e ........................... 24 .06  35 .80  35.68
"W e ld ed ” ty p e ........................... 20.15 32 .24  32.37
"W e ld ed ” ty p e ........................... 23 .44  35.25
"W e ld ed ” ty p e ........................... 23 .42  35.45
"W e ld ed ” ty p e ...........................  23.65 35.11
" W eld ed ” ty p e ........................... 23 .06  35.43 ■ 35.28
"W eld e d ”  ty p e ........................... 23 .66  35.13
"W eld e d ” ty p e ........................... 24 .32  36.12
"W eld e d ” ty p e ........................... 23 .59  3 5 .4 2 /
"  A lloyed” ty p e ..........................  44 .00  34 .00  52.57
"A llo y ed ” ty p e ..........................  43 .50  45 .72  52.15
"A llo y ed ” ty p e ..........................  34 .20  43 .80  44.27
"A llo y ed ” ty p e ..........................  22 .53  33.92 34.38
"A llo y ed ” ty p e ..........................  33 .65  41.57 43.80
"A llo y ed ” ty p e ..........................  41 .20  47.42 50.20
"A llo y ed ” ty p e ..........................  22.75 33.52 34.57
"  A lloyed”  ty p e ..........................  31 .90  38.49  42.32
“ A lloyed” ty p e ..........................  38 .86  46.81 48.21
"A llo y ed ”  ty p e ..........................  40 .35  48.91 49.48
"A llo y ed ”  ty p e ..........................  35 .20  43.52 45.11
"A llo y ed ”  ty p e ..........................  35 .1 0  45.47 45.03
"A llo y ed ” ty p e ..........................  38 .80  45 .06 48.16

ing securely  b y  pressure of tw o  pieces of heated, plas­
tic  m etal. U su ally  b oth  pieces of m etal were of iron
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or mild steel, b u t it has been found th a t the process 
may be applied to other m etals w hich pass through a 
plastic sta te  before fusion. C opper is such a m etal 
and platinum  is said to  be sim ilar. I t  is therefore 
quite proper to speak of unions betw een p lastic  cop­
per and p lastic  iron as welds in th e original sense of 
the term.

Unions m ade b y  fusing tw o m etal surfaces together 
are more analogous to soldered jo in ts th an  to welds 
as com m only understood.

N evertheless, it  is held b y  Prof. Sau veu r th a t there 
is no “ tr u e ”  w eld betw een  dissim ilar m etals (he con­
siders iron and copper dissim ilar) unless there is a 
“ crystalline in ter lo ck in g ”  a t and across th e junction , 
and th is stru ctu re is n ot produced unless one of the 
metals is in a fused condition  and therefore capable 
of alloying w ith  th e other m etal. Prof. Sauveur 
therefore classifies copper-iron a lloy  welds (Figs. 5, 6 
and 7) as true welds, and unions such as he believes 
the G riffith-C olonial-Standard  process gives (Fig. 8), 
as only adhesions, n ot rea lly  welds.

Be the definition w h at it  m ay, th e  union of copper 
and iron in the G riffith process is so secure th a t it re­
sists the rem ark ab ly  severe stripp in g action  to which 
it is subjected  in wire draw ing (Figs. 9 and 10). T h e 
composite m etal extends ev en ly  in rolling and draw ing 
so that 0.004 inch wire (N o. 40 B. & S.), hair-like in 
fineness, still carries p ra ctica lly  the original percen t­
age of copper coating. Som e variation  occurs, as 
would be expected, even  though there is no stripping.

Sample “ J. 0 . H. No. 13 ”  (regular “ w eld ed ”  copper- 
clad wire) contained a t N o. 40 gauge (0.004 inch) 
21.2 per cent of copper as against 23.06 per cent in 
the same wire a t N o. 10 size. I t  is n ot believed th a t 
this represents loss of copper, b u t m erely slight un­
evenness in coating. L arger sam ples w ould prob ab ly 
correspond more closely. T h ere is, of course, some 
loss of copper during th e m anufacturin g processes 
which precede wire draw ing.

CONDITIONS U N D E R  W H IC H  M E L T E D  C O P P E R  W IL L  U N IT E  

W IT H  S T E E L

The difficulty in  effecting a union betw een h ea vy  
steel objects and m elted copper is th e chilling effect 
of the solid mass upon th e m elted m etal. I t  is d ou b t­
less for this reason th a t M onn ot recom m ends the use 
°f “ superm olten”  copper (above 2550° F.) and also 
prescribes heatin g th e steel b illet to  redness.

When, how ever, steel and copper are at the same 
temperature and are clean, th e y  unite in stan tly , as 
soon as the copper m elts (1085° C ., 1987° F .).

The following experim ent proves the statem ent 
just made:

Several clean steel wire nails were m ade into  a bundle 
with an equal num ber of pieces of copper wire disposed 
symmetrically. T h e bundle w as secured b y  tw o  bands 
°f copper wire and w as dropped into  m elted borax suffi- 
cient to com pletely cover it. T h e tem perature was 

.gradually raised until th e copper m elted, when it  ran 
■ke solder over th e surface of th e steel nails, cem ent- 

lng them firm ly togeth er (Figs. 11 and 12).
The effect of eith er prolonged con tact of m elted

copper and solid steel or of higher tem perature than 
i i o o 0 C. in prom oting the form ation  of copper-iron 
a lloy  is shown b y  the follow ing experim ent:

Pieces of copper-clad wire of equal length  were ex-

F i g . 12 x  50 
Alloy Union of Coppe r  and Iron a t  1200° C.

posed, under m elted borax, in separate crucibles, to 
various tem peratures. T h e am ounts of steel dis­
solved b y  the m elted copper globules indicate the 
v igor w ith w hich th e action  proceeds.

Iron in
T em peratu re  T im e copper b u tto n
1200-1250° C ........................................ 5 m inutes 3 .1 8 %
1300-1320° C .......................................  3 m inutes 4 .20
1330-1400° C ........................................ 2 m inutes 5 .12
1400-1450° C . .....................................  4 m inutes 8 .53

A  second experim ent showed th a t, when le ft at 
1420° C . (2588° F .) for 15 m inutes, m elted copper 
dissolved n early  all of an u /i6 inch steel rod w hich was 
v e rtica lly  im m ersed in it. T h e  copper fin ally  con­
tained  from  8 .7  per cent to 14 .3 5  per cent of iron in 
top and b ottom , resp ectively .

In a th ird  experim ent, w hich was intended to  give 
some ligh t as to th e effect of v e ry  brief con tact of cop­
per and steel a t 1420° C ., it was found th a t even when 
the crucible in which m elted copper and iron had been 
b rought together (at 1420° C .) was rem oved from  the 
furnace in 30 seconds, the copper had a lloyed  w ith 
2 .85 per cen t of its w eight of iron.

A t  1200° C . a parallel experim ent ga v e  iron 1 .8 5  
per cent in the copper.

These experim ents show how q u ick ly  iron and m elted 
copper unite when both  are at th e sam e tem perature. 
T h is is a detrim ent if th e product is to  be used for 
electrical purposes. F or other uses, where the product 
cannot be reheated or w orked, it  is a m atter of interest 
to know  ju st how the m etals m ay be united.

M ETH O D S O F M A N U F A C T U R E

T here are tw o ty p e s of copper-clad steel which are 
m anufactured and used: (1) the ty p e  which depends 
on a copper-iron a lloy  for the bond; and (2) th e ty p e  
w hich consists of copper w elded to  steel b y  proper 
m ethods w ith ou t m elting the copper.

(1) T h e m ethod of m anufacture of the first ty p e  of
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copper-clad steel is described b y  T a ssin .1 It  consists 
essen tially  in preparing round steel b illets approxi­
m ately  5 inches in d iam eter and 26 inches long, which 
are cleaned b y  picklin g and then heated up in m olds 
which serve the double purpose of exclud ng the air at 
first and finally of receivin g the annular copper ja c k e t 
which is cast around the steel core. P roducer gas is run 
th rough  the mold to  hinder oxidation  of th e  steel and 
copper. T h e heated  b illet and m old are low ered into a 
b ath  of w hat is called b y  M onnot, th e in ven tor, “ super- 
m olten co p p er”  h avin g a tem perature approxim ating 
2SS°° F .j for the purpose of form ing a film of copper- 
iron a lloy  on th e surface of the steel b illet. For this 
purpose the m old is opened after it  enters the copper 
b ath  and is closed again as it  leaves it. T h e mold 
and billet are then low ered into a second copper b ath  
which has a v e ry  m uch low er tem perature and the 
m old is this tim e filled w ith  copper and is closed and 
w ithdraw n from  the b ath  in th a t condition  and a l­
low ed to  cool. T h e copper-covered steel b illet is then 
pushed ou t of the m old and heated and rolled into 
rods w hich are afterw ards draw n into  wire.

T h e o b ject in h avin g the first copper b ath  a t so high 
a tem perature is stated  to be the hastening of the 
form ation  of a film of adherent copper-iron alloy. 
T h e reason for castin g the greater part of the copper 
at the ord inary castin g tem perature, which is abou t 
200° above its  m elting point, is th a t it is then  possible 
to keep the copper from  rapid  oxidation  and also, 
w hich is more im portant, to  preven t the speedy 
contam in ation  of the b ath  w ith  copper and iron alloy. 
N um erous experim ents m ade b y  the w riter have shown 
th a t copper a t 2550° F. dissolves solid steel, or a lloys 
w ith  it, w ith  rem arkable rap id ity , th us m aking the 
copper unfit for use as a p a rt of an electrical conductor.

(2) T h e w elding process of u n iting copper and steel is 
carried out as follow s: S oft steel billets, approxi­
m a tely  3V4 inches in d iam eter b y  72 inches long, are 
carefu lly  freed from  scale and are electro-plated  w ith 
copper. T h e y  are then enclosed in n ea tly  fitted  cast 
copper tubes h avin g w alls of such th ickness as to fu r­
nish ap p roxim ately  25 per cent of copper in the com ­
posite b lank, the to ta l w eight of each b lan k being ap ­
p roxim ately  200 pounds. T h e use of copper tubes 
gives a uniform  product not otherwise obtainable. 
In  order to exclude the air th e blan ks are coated  at 
the ends w ith a fire-resistant paste. T h e y  are then 
h eated  to a tem perature approxim ating 950 0 C . ( 1 7 4 2 °
F .), this being sufficient to  render both m etals p lastic. 
E ach  blan k is then rolled in such a w ay  th a t it  is 
given  a strong and uniform  rolling pressure at all 
points, while th e m etals still retain  a large part of 
their original heat. I t  has been found th a t  th e w eld­
ing operation is com pleted w ithin 50 seconds from  the 
tim e the com posite b lan k leaves th e heatin g furnace 
and th a t the original 6 foot b illet is extended in i*/\ 
m inutes to a 25 foo t wire bar x3/j inches square. 
D urin g th e first few  passes there is a slight extrusion 
of copper from  the ends of the com posite b lan k; the 
rem ainder, how ever, is securely w elded and the sm all

1 T h is  J o u r n a l . 1 , 6 70 .

extruded portions are sheared off from  the finished 
wire bar.

These wire bars are reheated  and rolled into coils 
of V s  inch wire rods. These are freed from  oxide 
b y  p icklin g and are sub seq uen tly  draw n cold into 
wires of a n y  desired fineness (F ig. 13).

F i g . 13— I n  S t o r e - R o o m  a t  W i r e  M il l  

Copper-C lad W ire B ars in Foreground. Coils of Copper-Clad 
W ire and Cable

It  is rem arkable th a t the copper after it is welded 
to th e steel b y  th e prelim inary rolling process adheres 
firm ly to it  and extends even ly  w ith  it through the 
various processes of hot rolling, cold draw ing, anneal­
ing, etc. T h ere is a stron g stripp in g force in wire 
draw ing w hich w ould in sta n tly  rem ove the copper 
ja c k e t if it were n ot securely u n ited  to the steel. The 
w riter had the op p o rtu n ity  of observin g the drawing 
of copper-clad wire of m any sizes, from  0.30 inch 
in d iam eter to  0.003 inch, the la tter  being as fine 
as hair (sam ples shown). N o stripp in g took place in 
a n y  case and the finest wire show ed b y  chem ical analy­
sis th a t the copper coverin g still m aintained nearly 
the sam e ratio  to the steel core w hich existed in the 
original wire bar. W ire draw ing m ay be likened in 
stripp in g ten d en cy  to the draw ing of a lead pencil 
through a hole of th e size of the graph ite core only.

Supplem en ting th is evidence of secure union of the 
tw o m etals b y  the “ w eld in g ”  process is the fact that 
num erous heatin g, quenching, and tw istin g tests of 
w elded copper-clad wire of all sizes produced no 
separation  of copper from  steel.

P R O P E R T IE S  AND U S E S  OF C O P P E R -C L A D  STEEL

T h e principal use of copper-clad  steel at the pres­
en t tim e is for electrical conductor wire of which over 
10,000,000 pounds h a ve  been m ade b y  one manufac­
turer. I t  is used under conditions where a combina­
tion  of high tensile stren gth  and elastic ity  with suffi­
cient c o n d u ctiv ity  is needed. T h is is particularh 
th e case w ith  un in sulated  line wires for t e le g r a p h ,  
signal, and telephone service, and w ith insulated “ drop 
w ire s”  running from  poles to subscribers’ houses in 
telephone practice. E ven  hard-draw n copper wire 
has n ot sufficient m echanical stren gth  for such uses 
unless it  is em p loyed  in larger sizes than can well he 
afforded. Iron or steel conductors have been used, 
b u t th e y  rap id ly  deteriorate when in contact " it 
th e air, w hereas copper-clad steel is as durable as the 
copper itself.

T h e elastic  lim it or point a t which perm anent stretc 
ing begins in  the case of pure copper wire is so lovi t a 
w ind strain s cause a sagging which m ust be taken up
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and which ev en tu a lly  causes breakage. T h e m ost 
rapid destruction occurs, how ever, when copper wires 
are exposed to  snow and ice in w inter. G reat losses 
occur through breakage of the wires and interruption  
of com m unication. (Saggin g and breaking of copper- 
clad wire shown b y  slides.)

The judicious su b stitu tio n  of copper-clad steel 
wires for copper wires has done aw^ay w ith m uch of 
the trouble form erly  experienced in th e m aintenance 
of telegraph, telephone, signal, pow er, and lightin g 
wire circuits.

The grade of copper-clad wire m ost used has a con­
ductivity averagin g 30 per cen t of th e co n d u ctiv ity  
of pure copper w ire; a t th e sam e tim e its tensile 
strength is 70 per cent greater and it  is possible to  ap ­
ply 150 per cent greater tension before perm anent 
stretching occurs. Its  w eigh t is 10 per cent less than 
that of copper wire of the sam e size and it  has 100 per 
cent greater co n d u ctiv ity  th an  either steel or iron 
(Table V ).

Table V— P r o p e r t i e s  o p  S t a n d a r d  C o l o n ia l  C o p p e r - C l a d  W ir e  a n d  
H a r d - D r a w n  C o p p e r  W ir e  

Bare, hard  draw n 
Average resistance

a t 60° F . in W eight per M . Average breaking
ohms per M . ft. ft. in lbs. weight in lbs.

Size -------------*>
B. and H. D. H . D. H. D.
S. G. c. c. c. Copper C. C. C. Copper c. c. c. Copper

OOOO 0.1603 0.04906 584 641 9805 7914
000 0.2021 0.06189 463 509 8250 6533
00 0.2549 0.07803 366 403 6830 5365
0 0.3214 0.09831 291 320 5680 4386
1 0.4052 0.1241 230 253 4800 3565
2 0.5110 0.1565 184 202 3900 2892
3 0.6443 0.1972 145 159 3200 2338
4 0.8124 0.2488 114.5 126 2630 1890
5 1.025 0.3138 91 .0 100 2160 1520
6 1.292 0.3955 72.0 79 1770 1221
7 1.629 0.4986 57.7 64 1450 984

. 8 2.054 0.6288 45.5 50 1180 788
9 2.590 0.7934 35.5 39 965 630

10 3.267 0.9996 29 .0 32 790 506
11 4.118 1.262 22.8 23.5 645 403
12 5.195 1.591 18.2 20 .0 525 318
13 6.548 2.003 14.3 16.5 430 257
14 8.258 2.527 11.3 12.4 350 202
15 10.41 3.185 9 .0 10.0 280 165
16 13.13 4.022 7 .2 7 .9 230 128
17 16.56 5.059 5 .6 6 .2 185 102
18 20.88 6.392 4 .4 4 .8 150 83
19 26.33 8.057 3 .5 3 .9 120 64
20 33.22 10.14 2 .82 3.1 100 51

The tensile stren gth  of copper-clad wire varies 
from 60,000 pounds per square inch in 0000 wire (0.46 
mch in diam eter) to  98,000 pounds per square inch 
in the case of N o. 10 wire (o. 102 inch in diam eter), 
the actual breaking w eights in th e tw o cases being 
9j8c>5 pounds and 790 pounds, resp ectively . I t  is an 
interesting th in g to  kn ow  th a t ■ the average breaking 
"'eight of copper-clad w ire is from  3 to  6 tim es as great as 
the weight of a mile of th e sam e wire, and th e elastic 
limit is sufficiently high so th a t if w7ind and ice were 
not to be allowed for, there could be spans of a mile 
and more in len gth  in the case of river crossings, etc. 
Tables V I and V I I  show relative  costs for eqiial 
strengths and re lative  stren gths for equal size.

Copper-clad wire is also used for tro lley  wire, springs, 
anchor bolts, pum p rods, cotter pins, etc. Copper- 
clad wire (bare) has been successfu lly  used for field

w ork in m ilitary, telephone, and telegraph service.
Its  use has been suggested for sm all angle irons in 

sk ylig h ts and other w indows. I t  has not y e t been ex­
ten sively  applied in build in g construction, b u t its 
great d u rab ility  en titles it  to w ider use, especially  
for roofs, cornices, rain -w ater conductors, etc. T h e 
results of exposure tests of copper-clad sheet steel in 
the P ittsb u rgh  atm osphere h ave been m ost encour­
aging.

W E A T H E R  R E S IS T A N C E  OF C O P P E R  AND C O P P E R -C L  AD 

S H E E T  S T E E L

Sam ples of sheet of copper and of steel coated w ith

T a b l e  V I — C o m p a r is o n  o f  C o s t s  f o r  E q u a l  S t r e n g t h  
(B a r e  W i r e — H a r d  D r a w n )

For equal s treng th  values, th is diagram  gives the  approxim ate rel­
a tive  costs per mile of the  two m aterials, in 

bare  form, hard  drawn

T a b l e  V I I — C o m p a r is o n  o f  S t r e n g t h s  f o r  E q u a l  S iz e  
(B a r e  W i r e — H a r d  D r a w n )

F or equal sizes, th is diagram  gives the  actual streng ths of th e  two 
m aterials, in bare form, hard  draw n
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th e sam e grade of sheet copper b y  the G riffith  process, 
and a sam ple of sheet m ade from  a C olonial copper- 
covered w ire bar were exposed on the roof of th e P itts ­
burgh T estin g  L ab o rato ry  build in g from  N ovem ber 
21st, 19 1 1 , to A u g u st 12th, 1913. T h e  sheets were 
held in  a flat position on a wooden base b y  m eans of 
screw  hooks. T h is arran gem en t perm itted  the re­
tention  of m oisture under the sheets and favored  the 
startin g  of d ecay of th e wood a t those points. T he 
sheets were in no case held so t ig h tly  th a t dust was ex­
cluded and slag dust from  the roof coating blew  in 
and cem ented itself to  th e sheets in som e cases.

T h e sheets were m easured and w eighed before ex­
posure. T h e sam ples exposed were as follow s:

A. Copper-clad, one side. 1st lo t Griffith.
B. Copper-clad, bo th  sides. 1st lo t Griffith.
C. " L a k e ” copper sheet used for welding to  steel in m aking A, B,

D, and  F.
D. Copper-clad, one side. 2nd lo t Griffith.
E . Copper-clad sheet m ade from one and three-fourths inch wire bar

C—17.
F . D uplicate of A, b u t exposed with steel side up.

W b i c i i t  a n d  S iz e s

Thickness, inch Area
W eight  ------------*------------• Square
G ram s Iron  Copper Size, feet inches

A .............. 3730.6 0 .060  0.005 2 .97  X 1.09 466.56
B .............. 5317.7 0.071 0 .006  2 .42  X 1.525 531.36
C ..............  274.58 . . .  0 .04  1.09 X 0.31 48 .66
D   2853.8 0 .026  ? 4 .59  X 0 .92  680.11
E .............. 1067.42 0 .060  (incl. Cu) 2 .05  X 0 .4 9  144.65
F ..............  3773.1 0.059 0 .004  3 .0  X I . l  475.2

L oss o f  W e i g h t  d u r in g  E x p o s u r e  o p  21 M o n t h s  a n d  20 D a y s  

Original weight F inal weight Loss in weight 
G ram s G ram s Grams

A ...........................................  3730.6  3317.0  413.6
B ...........................................  5317.7 5277.0  40.7
C ...........................................  274.58 274.3 0 .28
D ...........................................  2853.8 2038.0 815.8
E ..............................................  1067.42 1067.0 0 .42
F ...........................................  3773.1 3355.0 418.1

These results show  the rem arkable d u rab ility  of 
copper and of copper-clad steel. (Specim ens shown.)

Sam ple E  is th e on ly one which rea lly  represents 
the protecting efficiency of copper a t the edges as well 
as on both  surfaces. T h e long edges were copper clad 
b u t the ends were sheared. T here w as no extraor­
d in ary  penetration  of iron rust at the sheared ends. 
T h e on ly  defects were some blisters developed b y  the 
crude w a y  of w orking th e wire bar into sheets. S light 
rusting occurred a t those exposed points b u t nowhere 
else, and the to ta l am oun t of rusting w as ve ry  insig­
nificant. No ten den cy w as observed for the rusting 
to penetrate under the copper and push it  up. T h e 
sam e w as true as to the places where the steel was ex ­
posed in drilling holes for holding th e sheet in posi­
tion. T h e to ta l loss in w eight in tw o years w as insig­
n ificant, am ounting to  on ly  a fraction  of a gram , or 
less th an  0.05 per cent.

T h e d u ra b ility  of Sam ple C, the copper sheet, is 
esp ecially  rem arkable considering th e a cid ity  of the 
P ittsb u rg h  atm osphere. T h e loss am ounted to  on ly
0 .28 gram , approxim ately  0 .1  per cent. T h e deter­
m ination  of to ta l oxygen  showed th a t the oxidation  
had p enetrated  less th an  0.0002 inch or 0 .5  per 
cen t of the thickness of the sheet.

Sam ples A  and F  represented rath er im p erfectly

m ade specim ens of copper-clad steel m ade by the 
G riffith  process, A  being in ten tio n a lly  le ft with ex­
posed steel p ro jectin g a t edges and ends in order to 
show th e m anner in  w hich th e steel corroded at and 
near the con tact of copper and steel.

T h e loss of w eight of both sheets w as practically 
the sam e although A  w as exposed w ith  the copper 
side up, and F  w ith  th e steel side up. T h is seems to 
show th a t m oist air rath er th a n  rain  controlled cor­
rosion of both  steel surfaces. N o perforation took 
place a t a n y  point of th e copper surfaces on A or F. 
T h ere w as no special groo vin g to  in d icate electrolytic 
corrosion such as w ould be exp ected  if the copper were 
n ot securely  w elded to  th e steel. T h e large losses in 
w eight were due to th e rustin g a w a y  of the exposed 
steel (P ig. 14).

A B
F r o .  14.— D i f f e r e n c e  i n  C o r r o s i o n s  o f  S t e e l  S h e e t s ,  

C o p p e r - c l a d  v s .  C o p p e r - c a s e d  

( / l )  C r o s s -s e c tio n  S h o w in g  C o r r o s io n  o f  S t e e l  a t  E d g e s  
O n ly — Coppek* W e ll  J o in e d  t o  S te e l  

( B ) C r o s s -s e c tio n  S h o w in g  C o r r o s io n  o f  S te e l  o n  S id es  
— C o p p e r  S e p a r a t e d  f ro m  S te e l

Sam ple B  was coated  w ith  copper on both sides by 
th e G riffith  process, th e short ends being sheared, 
b u t th e  steel extended  0 .4  inch b eyon d  the cop­
per on one of th e long sides. T h ere were no perfora­
tion s of th e  copper, and th e loss in w eigh t was caused 
b y  th e rusting of th e exposed steel a t th e  edge.

Sam ple D.— D urin g th e first p a rt of the exposure 
of th is sheet a num ber of pin  holes in  the copper near 
one end were observed. In stead  of extending by 
e lectro ly tic  action, these pin  holes apparently  were 
soon sealed up and were n ot observable a t all, either 
as b listers or p its a t th e end of th e period of exposure. 
T h is is q uite co n tra ry  to  w h at m ight h a ve  been pre­
d icted  b y  one who considered th e union between the 
copper and th e steel a p u rely  m echanical one.

W hile these experim ents were in  a w a y  quite crude, 
th e y  show co n clu sively  th e rem ark ab ly  efficient pro­
tectin g  pow er of copper for steel to w hich it  is welded. 
I t  is all th e  m ore rem arkab le w hen it  is considered 
th a t the exposures were m ade in  th e m oist and acid 
P ittsb u rg h  atm osphere. A tten tio n  is called in this 
connection  to  th e  absence of e lectro ly tic  corrosion 
phenom ena when copper and iron were securely welded.

T h e m ethod of m an u factu rin g these steel sheets was 
the G riffith  process of w elding copper to  steel, slabs of 
soft steel being cleaned and electro-plated  with copper 
and fasten ed  securely  to  copper sheets of the d e s i r e d  

thickness, th e com bined m etals being then  heated up
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to a proper w elding tem peratu re and united  b y  roll­
ing to the required dim ensions. Such sheets, of course, 
can be given  a n y  finish w hich is desired. T h e y  m ay 
either have a high polish and considerable stiffness 
or they m ay be m ade soft and pliable. If used for flat 
roofing sheets a higher tem peratu re w ill be required 
for brazing togeth er th an  is required for soldering 
either terne or tin  p late. If used as corrugated  sheets 
no brazing w ould be required.

There is no good reason, we b elieve, w h y a process 
of coating sheets w ith copper should not be developed 
along the lines of th e present processes of tinning 
and galvanizing, and such copper-clad sheets could 
be more cheaply m anufactured, b u t it  w ould be n atu r­
ally expected th a t as th e coatin g  w ould consist alm ost 
entirely of copper-iron a lloy , it  w ould be less durable 
than the pure copper coating m ade b y  the process of 
welding w ithout m elting.

POTASSIUM C Y A N ID E  S O L U T IO N  AS AN  E T C H IN G  M ED IU M  

AND SO L V E N T  F O R  T H E  C O P P E R  ON C O P P E R - 

CLAD S T E E L

A boiling 25 per cent solution  of potassium  cyan ide 
in distilled w ater was foun d to be a fa ir ly  rapid  solven t 
for copper and its action  upon steel is negligible.

It was accord in gly  used b y  th e w riter for in v esti­
gating differences in coatings of copper-clad steel 
wires. T h e purest coatings dissolved m ost slow ly  and 
most uniform ly, rem aining bright. Im pure coatings 
dissolved rap id ly , developed a groo ved  stru ctu re , and 
if iron was present in m aterial am ount, th e coating 
turned grayish  b lack. In  th e case of coatings high 
in iron (12 per cen t), th e iron separated  as a felt-like 
substance when th e copper dissolved. (Sam ples of 
wire stripped of C u  b y  K C N  were shown.)

The follow ing experim ents illu strate  the solu b ility  
of iron and copper in d ilute potassium  cyan ide solu­
tion:

W eight T im e boiled
W eight
dissolved

S u b s t a n c e G ram M inutes G ram S o l v e n t

Sheet steel............ 0 .7400 30 0.0006 50 cc. 10% K C N
Copper foil.............
Copper foil in con­

0 .0950 30 0.0106 50 cc. 10% K C N

tact with steel. 0.0854
0.7080 '

Cu 30 
Fe 30

0.0782
0.0006

50 cc. 10% K C N  
50 cc. 10% K C N

The more rap id  solution when iron w as in contact 
with copper w as v e ry  strikin g.

The fa ct th a t  an im pure copper coatin g  dissolves 
more rapidly is show n b y  the fo llow ing com parison of 
two copper-clad wires.

C o p p e r  D is s o l v e d

1st 2nd 3rd 4th 5th
W eight boil boil boil boil boil
G ram s G ram s Gram s G ram s Gram s Gram s
299.0 9 .0 11.0 14.0 15.5 14.5
302 .0 11.0 17.0 16.0 18.0 23.0

As an etchin g m edium , potassium  cyan id e solution 
at ordinary tem perature developed differences in cop­
per coatings w ith  and w ith ou t iron, b u t it  w as par­
ticularly successful in  bringing out th e coarse stru c­
ture produced in  cast copper b y  th e presence of arsenic.

In the follow ing com parison N o. 3 showed a fine 
grain and brigh t color when etched, N o. 1 a d istin ct

coarse and s ligh tly  darker one, and N o. 2, w ith  0 .4 1 
per cen t arsenic, w as v e ry  dark  and v e ry  coarsely 
crysta llin e:

1
C opper.......................................  99 .76  %
A rsenic.......................................  0 .062
O xygen....................................... 0 .085
E lectrical con d u ctiv ity   82.75

2 3 -
99 .48  %  99 .90  %

0.412  0.005
0.024  0.065

44.75  97 .9

F or these analyses and th e specim ens of cast copper, 
th e w riter is indebted  to M r. G. L . H eath , C hief 
C hem ist of th e C alu m et and H ecla C opp er C om p an y.

SU M M A R Y

C opp er m ay be u n ited  to  steel b y  a lloyin g or w elding. 
In  th e form er m ethod the copper is m elted. In  the 
la tter  it  is p lastic  on ly: 950° C . is a favorab le  te m ­
perature for w elding. B oth  m ethods, if properly 
carried out, g ive  m echan ically  secure unions. T h e 
w elding process is m ost sa tisfa cto ry  for the m anufac­
tu re of copper-clad wire because th e  co n d u ctiv ity  is 
not dim inished b y  the presence of copper and iron al­
loys. M elted  copper dissolves iron v e ry  rap id ly . 
T h e  resu ltan t a lloys are poor conductors of e lectricity . 
Iron and copper form  an a lloy  if heated  together in a 
n on-oxidizing atm osphere to  a point ju st ab ove the 
m elting point of copper. If h eated  hotter, a lloy  form a­
tion  proceeds m ore rap id ly .

C opp er is extraord in arily  resistan t to  atm ospheric 
corroding influences. T ests  of copper-clad  sheet 
steel in P ittsb u rg h  showed v e ry  little  effect on th e 
copper in  tw e n ty -tw o  m onths. C opp er is more ex ­
pensive th a n  zinc b u t costs o n ly  40 per cen t as m uch 
as tin . I t  is more durable th an  either. C om bin ations 
of copper and steel should be more w id ely  used. Steel 
w elded to  copper does not corrode more rap id ly  than  
does th e  sam e steel en tirely  out of con tact w ith cop- 
per.

P otassium  cyan id e in 25 per cent aqueous solution 
d issolves copper and b arely  a tta ck s  iron. I t  is useful 
as a so lven t and as an etchin g m edium  for copper-clad 
steels and as an etchin g m edium  for cast copper con­
tain in g arsenic.

B IB L IO G R A P H Y  O F P A T E N T S  C O V E R IN G  U N IO N S  OF C O P­

P E R  OR IT S A LL O Y S W IT H  IR O N  OR S T E E L , BY T H E  

A ID  O F H E A T

U N IT E D  S T A T E S  P A T E N T S
M ethod of C oating  Iron  w ith B rass o r Copper. 11,319. Ju ly  18, 

1854. H. Burgess.
Im provem ents in C oating M etals. 21,797. 1858. Hiler.
Im proved Process of U niting  Steel w ith C opper, Brass, E tc . 39,531. 

A ugust 11, 1863. R . Savary.
Im provem ent in Line-wires for Telegraph. 47,940. 1865. F arm er

and M illiken.
Im provem ent in L ine W ire, for Telegraphs. 59,763. 1866. F arm er

and M illiken.
Im proved M ode of U niting  Steel or Iron  w ith  Copper. 69,001. Sep­

tem ber 17, 1867. E . T . Ligon.
Im provem ent in Com bining Copper w ith C ast Steel. 73,375. 1868

Park .
Im provem ent in Telegraph W ire. 91,416. Ju n e  15, 1869. A. Cary
M achines for Above Process. 91,417. C ary.
P la ting  Iron  for the  M anufacture  of H inges. 98,354. D ecem ber 

1869. J . J. and  L. Crooke.
Im provem ent in W elding B rass or Alloy of C opper to Iron  or Steel 

126,894. M ay  21, 1872. G . R . M eneely.
Im provem ent in P la ting  o r C oating M etals. 130,362. A ugust 13

1872. E . E . de I,obstein.
Im provem ent in C oating M etals w ith Copper. 141.132. Ju ly  22

1873. O. G auduin, J . B. J . M ignon, and  S. H . R ouart.
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C oating Iron  Surfaces. 227,268. M ay  4. 1880. J . K intz.
M ethod of P la ting  Iron  and  Steel. 242,194. M ay  31. 1881. T . 

F leitm an.
M anufactu re  of C opper-P lated  Sheet-Iron. 244,230. Ju ly  12, 1881. 

C. Haegele.
M ode of P lating  Iron  or Steel. 258,119. M ay 16, 1882. H. Reusch. 
Plating  M etals. 267,879. N ovem ber 21, 1882. C. Haegele.
M ode of P la ting  Iron  and Steel. Reissue 10.367, August 14. 1883, of 

P a te n t 258,119 of M ay 16, 1882. H . Reusch.
Process of M aking E lectric  Conductors. 286,796. October 16, 1883. 

T. Egleston.
M anufactu re  of M etal. 286,904. October 16, 1883. G. H. Chin- 

nock.
Com pound E lectrical C onductor. 288,443. N ovem ber 13, 1883. L. 

Johnson.
M anufac tu re  of Electrical Conductors. 296,074. April 1, 1884.

T . Shaw.
M ethod of P la ting  M etals. 303,025. 1884. M cCleanc and Grey.
M anufactu re  of Com pound W ire. 309.468. Decem ber 16, 1884.

I. A. and  M. D . Kilner.
A ppara tus for M anufacturing  Com pound Telegraph Wire. 310,993. 

Jan u ary  20, 1885. Farm er.
310,994. M odification of 310,993.
Process of M anufacturing  Com pound Telegraph W ire. 310,995. 

1885. Farm er.
Electrical C onductor. 312,673. February  24, 1885. C. M. Thom p­

son and C. B. Eberle.
M ethod of M aking Electrical C onductor. 320,684. June  23, 1885. 

W. S. P la tt.
M ethod of C onstructing  Com pound M etallic Bodies. 361,799. April 

26, 1887. E. W heeler.
Process for C oating Iron  w ith Tin or its  Alloys or O ther M etals. 

371,248. October 11, 1887. E. I. Braddock.
Ingo t for the  M anufacture  of Com pound M etallic Tubes. 371,719. 

October 18, 1887. T . S. Very.
Telegraph W ire. 379,535. M arch 13, 1888. W. H ew itt. 
M anufactu re  of W ire. 410,368. 1889. M artin .
P la ted  W ire. 441,885. Decem ber 2, 1890. G. U. M eyer.
Process of M aking P lates, E tc., of Com bined M etals. 530,719. De­

cem ber 11, 1894. A. Rodig.
543,192. Extension of 530,719 to  cover over-hanging projection 

or holding fast to  cast m aterial.
M ethod of M aking Com pound Wire. 550.705. December 3, 1895.

H. E . Williams.
Process o r M ethod of W elding Copper upon Steel. 577,817. February  

23, 1897. J. Burns.
U niting o r W elding M etal. 580,344. April 6 . 1897. Griffith. 
C urrent-C onducting  R ail for E lectric  Railways. 588,541. A ugust 

17, 1897. L . E. W alkins.
M ethod of and  A pparatus for W elding M etals. 593,534. N ovem ber 

9, 1897. J. W . Comley.
M anufacture  of E lectric  C onductors. 628,770. Ju ly  11, 1899. S. O. 

Cowper-Cowles.
Process of W elding Steel and  Copper. 673,664. M ay  7, 1901. T . 

Sm ith and F. G. Sherry.
Tube. 674,394. M ay  21, 1901. A. E . Beck and G. Townsend. 
U niting  or W elding M etals. 685,758. N ovem ber 5, 1901.

Griffith.
688.162. December 3, 1901. J . W ., R . W ., and C. H. L. Comley. 
P la ting  M etal. 704,793. Ju ly  15, 1902. Griffith.
Process of C oating Tubes. 708.788. 1902. W achwitz.
Process of U niting  M etals. 729.113. M ay  26, 1903. J. M. Anderson. 
M etal-W elding. 776,706. D ecem ber 6, 1904. W achwitz.
E lectrical C onductor. 750,509. 1904. W herry.
Process of U niting Two M etals. 750,511. 1904. W herry.
Flux. 750,512. 1904. W herry.
A rt of U niting M etals. 789,530. M ay  9, 1905. W. L. Fenn and

J . W . Conway.
A rt of M aking Copper-Coated Iron  or Steel Sheets. 827,378. Ju ly  

31, 1906. W. P. Lewis.
Ship’s P late. 851,069. April 23. 1907. J . Craig.
Process of M aking Com pound M etal Bodies. 851,684. April 30, 

1907. M onnot.
Process of Producing Com pound M etal Bodies. 853,716. 1907.

M onnot.
Process of M aking Bim etallic Products. 853,932. 1907. M onnot

and M artin .
M anufactu re  of C om pound Pipes and  Tubes. 860,232. Ju ly  16, 

1907. J . W. OfTutt.
Electric C onductor. 867,659. O ctober 8 . 1907. W . Hoopes.
878,984. Extension of 851,684. M onnot.
893,932. Ju ly  21, 1908. M onnot.
894.163. Extension of 894,162 to  cover tw o coatings on the  core. 

M onnot.
Same as above, to  include silver. 894.164. M onnot.

Process of and  A pparatus for M aking Com pound M etal Objects. 
905,558. Decem ber 1, 1908. M onnot.

Process and A pparatus for Producing Com pound M etal Objects. 
910,405. Jan u ary  19. 1909. M onnot.

Process of M aking Clad M etal Articles. 927,371. 1909. Monnot.
C lad M etal. 927,372. 1909. M onnot.
Clad M etal and Process of Producing Same. 929,687. 1909. Mon­

not.
M old for R ail Bonds. 918,108. 1909. W herry.
M ethod of U niting  M etals. 959,517. M ay  31. 1910. Griffith. 
Com pound M etal O bject. 960,372. June  7, 1910. M onnot. 
E lectro ly te  for D epositing Copper. 976,454. 1910. Grey and

Griffith.
M ethod  of U niting  M etals. 976,455. N ovem ber 22, 1910. Grey 

and  Griffith.
M ethod of M aking Homogeneous M echanical Junctu re. 1,012,077. 

1911. H errick.
1,065,727. 1913. Rockey and Eldridgc.

B R IT IS H  P A T E N T S

A M ethod of Covering or C oating Iron , Steel or other Metals, or 
M ixtures of M etals. 4,053. 1816. J . D aym an.

P la ting  Iron  and Steel w ith  B rass and  Copper, and  Form ing the Same 
into Plates, Bars, E tc. 4,598. 1821. J. Poole.

5,111. 1825. D. Gordon and  W . Bowser.
C oating Iron  and  O ther M etals. 8,403. 1840. J . B. Neilson.
M anufactu re  of M etals and  C oating Iron  and  Steel. 11,971. 1847.

A. Parkcs.
C oating Iron  and O ther M etals. 12,993. 1850. E . G. Pomeroy.
C oating  Iron  w ith  C opper and  Brass. 421. 1853. Burgess and

W att.
Covering Iron  w ith Copper or Copper Alloys. 709. 1855. Tyther-

leigh.
Coating Iron  w ith Copper or its  Alloys. 923. 1856. Tytherleigh.
Rollers for Prin ting  Fabrics. 1,924. 1856. Tytherleigh. 
(Provisional) P reparing  and  Coating M etallic Surfaces. 2,472. 1856.

R. D. Atkinson.
Im provem ent in C oating or A m algam ating M etals. 1,100. 1858.

Hiler.
Im provem ents in C oating Iron  and Steel. 3,475. 1862. W. and H.

Bowser.
Im proved Process for C oating Iron . 841. 1863. W. Mitchell.
C oating  Ship Surfaces w ith  Copper, B rass, E tc. 351. 1864. M.

C. deC. Sinibaldi.
C oating Iron  and  Steel. 598. 1869. G. J . Hinde.
Im provem ents in C oppered Iron  or Sheet Steel. 3,466. 1871. Lake.
Copper Covered and C opper Cored W ire. 1,847. J872. W. R. Lake.
D epositing C opper on Iron  and  Steel. 3,970. 1872. Johnson.
Im provem ents in M aterials for Casks, E tc. 1,887. 1875. A. B.

W alker.
Coating M etals. 1.836. 1881. F . C. Glaser.
C oating or P la ting  C ertain M eta l Surfaces. 3,122. 1882. A. M.

Clark.
Coating Iron  and  Steel Sheets, w ith Copper and Copper Alloys. 

10,886. 1884. J . and J . Taylor.
M ethod and  A pparatus for M anufactu ring  Com pound Telegraph Wire. 

798. 1885. Allison.
Process for P la ting  M etals and  M etallic Alloys. 3,985. 1886. C. E.

Steinweg.
Im provem ents in the  .M an u fac tu re  of W ire. 6,834. 1887. A.

M annesm ann.
C oating  Iron  and  Steel P la tes w ith Copper. 17,269. 1888. G.

P rou t and  D. M urray .
Coating  of M etals. 3,149. 1889. A. J. Boult.
C oating Sheet Iron  w ith Copper o r Brass. 4,335. 1889. W. E.

E veritt.
Flux for W elding C opper and Steel. 9,187. 1889. H. H. Chandler.
M anufacture  of B and, P lates, Sheets, E tc., of Combined Metals. 

17,009. 1891. M artin .
Im provem ent in the M anufactu re  of P la tes H aving a Partial Coating 

of O ther M etal. 21,467. 1892. L. G ram bow.
C oating Iron  and  Steel w ith B rass and O ther M etallic Alloys. 1,906. 

1893. A. V. C. and J . B. Fenby  and G. Moore.
C oating  Iron  and Steel w ith C opper or an Alloy of Copper. 29,251.

1896. R. D. Burnie and  W. T . Lougher.
Process and  A pparatus for U niting  M etal Sheets. Bars, E tc. 26,030.

1897. Comley.
Im provem ent R elating  to  U niting  or W elding M etals. 8,780. 189/.

Griffith.
P ro tecting  T ubes of S team  G enerators by  A pplication of Silver. 9.0 /• 

1899. E . J . M . la  Combe.
U niting  Copper and Copper Alloys w ith A nother M etal (Iron or Stce 

10,763. 1899. W\ G. C lark.
C oating M etals. 11,603. 1900. M artin .
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Im provem ents of Boiler and  O ther M eta l T ubes. 11,981. 1900.

A. E. Beck and  G. Townsend.
M anufacture of Steel Ingo ts  P la ted  w ith Copper. 16,993. 1902.

S.^Vanstone.
Im provem ents in M anufac tu re  of H o t W ater T anks, E tc. 15,383. 

1903. D. P. Menzies.
Process of U niting  M etals. 18,454. 1903. J . D. Prince.
Production of M etallic P ro tective  D eposits on M etals. 9,836. 1904.

A. Livy.
M anufacture of B im etallic Ingots. 12,000. 1904. H. H arm et.
Uniting Iron  and Steel w ith  o th e r M etals. 17,660. 1904. Davies

and Clark.
Im provem ent in M anufac tu re  of C om pound M etal Ingots, E tc . 8,913. 

1906. M onnot.
G E R M A N  P A T E N T S  

M ethod of M anufac tu re  of C onductor W ire w ith M etallic Covering. 
47,950. 1888. M artin  and  M ar tiny.

M ethod for C oating  One M etal w ith Another. 124,898. Jan u a ry  4, 
1899. S. H . T hurston .

M anufacture of Sheet Steel w ith  Copper Covering. 124,387. 1900.
Martin.

Process for W elding B aser M etals for Purposes of P lating. 137,017. 
1902. W achwitz.

Process for U niting Steel and  O ther M eta l P la tes w ith Alum inum , E tc. 
152,042. 1903. W achwitz.

F R E N C H  P A T E N T S  
Im provem ents in the  M anufactu re  of W ire. 168,133. 1885. M artin .
Supplement. Perfected  M ethod of M aking B im etallic Wires. 168,133. 

1888.
Bi-Metal Sheets an d  Plates, Process of M anufactu re  of. 206,789. 

1890. M artin.
Perfected Process for M aking B im etallic W ires. 213,109. 1891.

Martin.
M anufacture of B im etallic Bands, P lates, Sheet Iron  and  Hoops. 

216,565. 1891. M artin .
B E L G IA N  P A T E N T S  

New Process of M anufac tu ring  Bim etallic P la tes and  Wires. 
171,442. 1903. M artin .

D e p a r t m e n t  o p  R e s e a r c h  a n d  C h e m ic a l  E n g in e e r in g  
P it t s b u r g h  T e s t i n g  L a b o r a t o r y

t h e  c o n d e n s a t i o n  o f  g a s o l i n e  f r o m  n a t u r a l

G A S'
B y  G e o r g e  A. B u r r e l l  a n d  F r a n k  M . S e i b e r t

In this paper are g iven  som e results of w ork per­
formed b y  th e B ureau  of M ines h a vin g  to  do w ith the 
condensation of gasoline from  n atural gas.

C H E M IS T R Y  O F N A T U R A L  GAS

With the grow th  of the n atu ra l gas gasoline in d u stry  
natural gases h ave been classified into  tw o divisions 
so called “ w e t”  and “ d r y ”  gases, depending upon 
whether or not gasoline can be com m ercially  condensed 
from them . T h e classification  is exceedin gly loose 
because n atural gas m ixtures m ay range from  those 
containing on ly  m ethane as th e com bustible con­
stituent (a gas difficult to  liq u efy) to those in which 
the hydrocarbon vap o rs predom inate and which 
liquefy easily. B etw een  th é tw o extrem es there are 
natural gases contain ing th e different constituen ts, 
methane, ethan e, propane, butanes, pentanes, etc., 
in many different com binations. ,Som e of these m ay 
not contain enough of th e desirable gasoline co n stit­
uents for com m ercial purposes, others m ay.

Natural gases n ot found in tim a te ly  associated  w ith 
°il are the so-called “ d ry ”  gases. Those foun d in the 
same strata w ith  oil and in in tim a te  con tact w ith  the 
same are those from  w hich gasoline is obtained  in the 
natural gas gasoline in d u stry. T h e B ureau of M ines 
finds as the result of m an y analyses th a t n atural gases

1 Paper presented a t  the  48th  m eeting of th e  Am erican Chem ical So- 
Rochester, Septem ber 8-12, 1913. Published b y  permission of the  

Sector of the B ureau of M ines.

are m ixtures in w hich hydrocarbon s of the paraffin 
series predom inate and th a t sm all quan tities of nitrogen, 
carbon dioxide and w ater vap o r are present. H ydrogen 
sulfide is som etim es present; perhaps other sulfur 
com pounds too. F. C . P hillips found n atural gases 
of W estern P en n sylvan ia , which he w orked w ith, to 
contain  paraffin hydrocarbon s, carbon dioxide and 
nitrogen. O ther in vestigators in v a ria b ly  report at 
least sm all proportions of carbon m onoxide, hydrogen 
and eth ylen e. E xp erim ental errors in the w ork easily  
accounts for these errors. T h e authors of th is paper 
believe th e w ork of S. A . F ord  as show ing ve ry  large per­
centages of hydrogen  to be in error. His analyses 
have been quoted  m any tim es in different te xt books. 
T h e y  were m ade in 1885. T h e authors of th is paper 
in looking over the analyses m ade b y  them  of th ir ty  
n atural gas sam ples collected  from  different parts of 
th e co u n try  find th e heatin g valu e ranging from  685
B. t. u. to  1577 B . t. u. per cubic foot a t 6o° F. and 
760 mm . pressure. T hese an alyses will be incorpora­
ted  w ith  m any others in a govern m ent publication . 
These gases range from  m arsh gas issuing from  the 
marsh beds, and contain ing on ly  m ethane as the 
com bustible gas to  casing head gases th a t are used for 
ligh tin g  and heatin g tow n s. O n ly tw o of the gases, 
those of the highest heatin g value, are p rob ab ly  adap ted  
for gasoline condensation. One sam ple contain ed (as 
shown b y  com bustion  analysis) in addition  to m ethane, 
carbon dioxide and nitrogen, 75.16 per cen t of ethane. 
T h e n atural gas of P ittsb u rg h  has a gross heatin g 
valu e of abou t 1177  B. t . u. per cubic foot a t o° C . 
and 760 mm . pressure.

S IG N IF IC A N C E  O F O R D IN A R Y  A N A L Y T IC A L  R E S U L T S

In the an alysis of n atural gases b y  the slow  com ­
bustion  m ethod, th e d ata  obtained  adm it of th e ca l­
cu lation  of on ly  tw o of the chief constituen ts. T h e 
m ixture, how ever, m a y  contain  all of the gaseous 
paraffins and considerable quan tities of the vapors of 
th e liquid  hydrocarbon s. W hen th e low er m em bers 
of th e paraffin  h ydrocarb on s predom inate, th e results 
obtained  are more accu rate  than  when th e higher 
m em bers predom in ate. N atu ra l gases from  w hich 
gasoline can be extra cted  contain  appreciable q u an ti­
ties of the liquid  h yd ro carb on  vapors. In  the analyses 
of these m ixtures th e ordin ary  slow  com bustion  
analysis will g ive  on ly  approxim ate results for several 
reasons.

First— T he gas m ixture often  contains more than  
tw o com bustible constituen ts.

Second.— Som e of th e gases and vapors d ev iate  
considerably from  the gas law s and their true m olecular 
vo lu m es1 are unknow n.

Third— So sm all an am ount of the m ixture m ust 
be used in som e cases th a t experim ental errors are 
g re a tly  m agnified in  calcu latin g  to  a percen tage basis.

T y p ic a l analyses o f tw o  different n atural gases follow  
w hich contain  sm all am ounts o f m ethane and larger 
am ounts of ethane, propane and  b utan e w ith  th e vapors 
of the liquid  hydrocarbon s pentan e, hexane, etc. 
T hese analyses serve to  show  how  approxim ate a com -

1 A governm ent publication by  th e  au tho rs  which covers th is  question 
is in press.
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bustion  analysis m ay be even when the analysis is 
carefu lly  perform ed.

In th e analysis of gases of th is ty p e  th e explosion 
m ethod is en tirely  out of the question. T h e analyses 
were m ade b y  the m ethod of slow com bustion. D u ­
plicate  analyses were m ade of each sam ple.

S a m p l r  N o . 1

I  I I
Cc. Cc.

Volume of sam ple ta k e n .......................  20 .00  19.95
Oxygen a d d ed ...........................................  95 .70  95 .30
T o ta l volum e.............................................  115.70 115.25
Volume afte r b u rn in g ............................. 64 .10  64.00
C ontraction due to  b u rn in g .................  51 .60  51.25
Volume after COi ab so rp tion .............. 22 .10  22.60
Carbon dioxide produced by  burning. 42 .00  41 .40

R e s u l t s  o p  A n a l y s e s  P e r  C e n t

E th a n e .........................................................  96 .00  98.75
P ropane .......................................................  6 .0 0  3 .33

T o ta l paraffins...................................... 102.00 102.08

S a m p l e  N o . 2
I I I  IV
Cc. Cc.

Volume of sam ple ta k e n ...........................  20 .35  23 .50
Oxygen a d d ed ...........................................  96.15 126.75
T o tal volum e.............................................  116.50 150.25
Volume a fte r b u rn in g ................................. 60 .10  85 .30
C on trac tion .................................................... 56 .40  64.95
Volume afte r COa a bso rp tion .................. 10.40 28.20
C arbon dioxide produced by burning. 49 .70  57 .10

R e s u l t s  o p  A n a l y s e s  P e r  C e n t

E th an e .............................................................  65 .85  66 .80
P ropane ........................................................... 3 7 .5 0  36 .50

T o tal paraffins......................................  103.35 103.30

T h e foregoing analyses show how a sm all difference 
in the contraction  due to  com bustion  and the carbon 
dioxide produced will, when ca lcu lated  to  the same 
basis, affect the d istribution  of the paraffins and also 
the to ta l paraffin content. T h e  fa c t  th a t th e gases 
to ta l over 100 per cent is because th e correct m o­
lecular volum es of all the gases present in th e m ixtures 
are not know n. F or exam ple, in the case of analyses I 
and II  (duplicate analyses) th e con traction  in I is 
51.60 cc. from  20.00 cc. of th e  original sam ple while 
the contraction  in II  is 51.25 cc. T h is  la tter  result, 
when calcu lated  to  20.00 cc. of sam ple, gives a differ­
ence of 0.22 cc. from  the first, which is the experim ental 
error.

T h e carbon dioxide produced in I from  20.00 cc. of 
sam ple is 42.00 while th a t produced from  II  when 
calcu lated  to 20.00 cc. sam ple is 41.50 cc. or a differ­
ence of 0.5 cc., th e experim ental error.

T h e com bined difference in th e contractions and 
carbon dioxide change the paraffin  d istribution  b y  
9 8 -7 5 —  96.00 or 2.75 per cent in th e case of ethane and 
6.00— 3.33 or 2.67 in the case of propane. T h e to ta l 
paraffin  hydrocarbon  conten t is changed only b y  
102.08—  102.00 or 0.0S per cent.

In  a like m anner in th e case of analyses II I  and IV  
(duplicate analyses) th e con traction  produced in I I I  
b y  th e com bustion is 56.40 cc. w ith  20.35 of sam ple 
w hile the contraction  produced in I V  calcu lated  to 
20.35 cc. of sam ple is 56.25 cc. or a difference of 56.40 
cc. —  56-25 cc. or 0.15 cc., the experim ental error.

T h e carbon  dioxide from  20.35 cc. of sample is 
49.70 cc. in I I I  while th e carbon dioxide in IV  is 49.44 
cc. when calcu lated  to  20.35 cc. of sam ple. This is a 
difference of 0.26 cc., th e exp erim ental error. Here 
th e com bined difference of th e contractions and the 
carbon dioxide change th e paraffin distribution by 
66.80—  65.85 or 0.95 per cent in th e case of ethane and 
3 7 .50 — 36.50 or i . 00 per cent in the case of propane. 
T h e to ta l paraffin  con ten t is changed only b y  103.35 —  
103.30 or 0.05 per cent.

A lth o u gh  com bustion  analysis shows only approx­
im a te ly  th e q u a n tity  of paraffin  hydrocarbons present, 
th e  to ta l paraffin  h ydrocarbon s are correct or nearly 
correct. T h e sam e can be said  of th e heating value 
and specific g r a v ity  as calcu lated  from  the analyses. 
T h e ascertain in g of the different hydrocarbons that 
m a y  be foun d in n atural gases has long been a stumb­
ling b lo ck  to gas an alysts. T h e ord in ary  eudiometer 
analysis offers n othin g in th e w ay  of a com plete separa­
tion. T h e to ta l paraffin hydrocarb on  content with 
on ly  an approxim ation  of th e in d iv id u al paraffin has 
been th e  on ly end a tta in ed . T h e authors in working 
on th e problem  succeeded in m akin g a separation of a 
n atural gas into its  in d iv id u al paraffin  hydrocarbons 
b y  m eans of fraction al d istillation  a t low  temperatures. 
N atu ra l gas w as first liquefied b y  m eans o'f liquid air and 
then  b y  m eans of a T op ler pum p, th e m ethane was re­
m oved. T h e vapor pressure of liquid  ethane (boiling 
p o in t— 9 30 C .) is so sm all a t th e tem perature of liquid 
air (— 190° C .) th a t tw o  fraction atio n s sufficed to re­
m ove th e m ethane, w hich w as m easured and analyzed. 
T h e  residual gas w as then  su b jected  to  a temperature 
of — 130° C. and as m uch gas as could be removed was 
w ith d raw n  w ith  th e  pum p. T h e m ixture withdrawn 
p roved  to  be ethane and propane. A t  — 130° C. all 
th e ethane (boiling point — 9 3 0 C .) and part of the 
propane (boiling point — 4 5 0 C .) is rem oved. This 
fraction  w as m easured and an alyzed . T he residual 
liq u id  w as then  allow ed to  vo la tilize  and was found 
to  be propane. T h e  proportions were then found by 
sim ple calcu lations. B u tan e w as not found within 
th e  experim ental error of the m anipulation  which was 
perhaps 0.2 or 0.3 per cent. T races of butane exist 
in  th e gas, how ever, also o f pentan e and hexane. The 
com plete analysis including the q u a n tity  of each paraf­
fin hydrocarbon  foun d b y  the above m ethod follows. 
F or com parison th e ord in ary  eudiom etric analysis 
of th e  n atu ral gas is g iven . T h e n atu ra l gas is that 
used in P ittsb u rg h .

B y lique­ By
faction  and eudiometric

fractionation analysis
P er cent Per cent

C H ................................................................  86 .8 79.2
C1H 1................................ .............................. 5 .7 19.6
C1H 1................................ .............................  6 .2
N s....................... ! ......................................... 1.3 1.2

T o ta l .......................... .............................. 100.0 100.0

T h e carbon dioxide in  the P ittsb u rgh  natural gas 
am ounts to  a trace  (0.03 per cen t). T h e gas cannot 

be used for th e com m ercial production  of gasoline al­
though it  contains sufficient of the hy d ro carb o n  

vapors to  produce som e condensate (drip) in the pipe
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lines. T h is is because of the im m ense volum e of gas 
passing. T h e gas com es from  W . V a. and is ty p ica l 
in com position of gases from  th a t field th a t are sup­
plying m any tow ns. T h e n atural gas from  the 
Hogshooter Pool of O klahom a, som e of which goes to 
Kansas C ity , contain s on ly  m ethane (95.4 per cent) 
as the com bustible con stituen t. T h e rest is nitrogen 
and carbon dioxide (dry basis). T h e B ureau has the 
composition of the n atural gases th a t are sup plyin g 
many tow ns. F u rth er w ork is being done b y  the 
authors on the fraction atio n  of n atural gases.- M ore 
difficulty is experienced in m aking a separation  when 
all of the gaseous paraffins and vapors of the liquid ones 
are present.

O C C U R R E N C E  OF G A S O L IN E  IN  N A T U R A L  GAS

The yield  of gasoline from  n atural gas is determ ined 
largely b y  the q u a n tity  of the liquid  paraffin vapors 
in the perm anent gases. T em p eratu re and pressure 
conditions in the well, gasoline con ten t of th e oil, and 
intimateness of con tact betw een  oil and gas, all affect 
the yield. Such rapid  expansion of a gas from  a casing 
head m ay occur as to  cause a h e a v y  condensation of 
vapors at the casing head.

M ethane (critical tem perature — 95-5° C ., critical 
pressure 735 pounds per square inch) is a lw ays in a 
well in th e gaseous condition. E th an e (critical 
tem perature 3 5 0 C ., critical pressure 664 pounds per 
square inch) exists in som e wells as a gas, in others, 
probably as a liquid. P ropane and th e butane are 
even more easily  liquefied th an  ethane. In  gases used 
for gasoline production  th ey  are present as gases. 
In such cases reduced pressures are u su ally  applied 
to the wells. T h e gasoline vapors are m ixed w ith these 
permanent gases in the sam e m anner th a t m oisture 
exists w ith air.

In gasoline p la n t operation, th e pressure applied 
to condense the vapors m ust, of course, depend on the 
partial pressures of th e vapors in the n atural gas 
mixture. If  b u tan e (boiling point 1 0 C .) for instance 
constitutes tw e n ty  per cent of the m ixture, there would 
be needed a to ta l pressure of seven ty-five  pounds per 
square inch in order to  h a ve  15 pounds on the butane 
vapor, and cause condensation  of the vap o r to  begin. 
For this reason one gas m ay produce condensate w ith 
75 pounds, while another gas will need 200 to 300 
pounds. In th e stan dard  ty p e  of cooling and pressure 
arrangement as used to -d a y, m ethane and ethane are 
not liquefied b u t som e propane and b utan e are. In 
addition the final m ixture as received  a t the collecting 
tank, will contain condensed gasoline vapors, i. e., 
pentanes, hexanes, etc. There will also be found a 
portion of the gases m ethane and ethan e dissolved in 
the liquids. In other words several changes w ill have 
taken place. One has to  do w ith the condensation of 
vapor, another w ith the liquefaction  of gas and 
another w ith  th e so lu b ility  of the perm anent gases 
in the liquid  produced. T h e three changes m entioned 
are so in tim a te ly  connected w ith each other th a t 
°ne factor can not be d isturbed w ith ou t affecting 
the others. For instan ce such a tem peratu re and 
pressure could be em ployed a s . to  increase th e con­
densation of th e desirable con stitu en ts (the gasoline

vapors) b u t w ith increasing pressure and low ered 
tem perature more of the undesirable gaseous con­
stitu en ts w ould liq u efy. T hese when exposed to 
atm ospheric conditions of tem perature and pressure 
would im m ed iately  vo latilize, carry in g w ith them  
som e of th e gasoline constituen ts. A t  increasing 
pressures more ethane and m ethane w ould be dissolved. 
W ith  release of pressure th e y  too w ould escape.

T E S T IN G  N A T U R A L  GAS F O R  G A S O L IN E  V A PO RS

B efore p lan t in stallation s are m ade for the purpose 
of extractin g gasoline from  n atural gas an in v esti­
gation  of th e several factors should be m ade. These 
include (1) q u a lity  of gas, (2) q u a n tity  of the gas,
(3) disposal of product.

Q U A L IT Y  OF GAS

L ab o rato ry  m ethods in use a t th e present tim e 
consist chiefly of com bustion  tests, so lu b ility  tests 
and sp ecific-gravity  tests. T h e com bustion  analysis 
g ives only a rough approxim ation. T h e specific- 
g ra v ity  test is m uch used. N atu ra l gases m ay range 
in specific g ra v ity  from  ab ou t o.'56 to 1.50, com pared 
to  air. Som e gases are used for condensing gasoline 
th a t h ave as low  a specific g r a v ity  as 0.80. A ll gases 
of th is specific g ra v ity  are n ot adapted, how ever. 
If the carbon dioxide or n itrogen con ten t of a n atural 
gas is high and not know n, th e specific g ra v ity  test 
m ay be m isleading.

A lcohol, claroline oil, o live oil, kerosene oil, etc., 
all h ave been used for determ ining the so lu b ility  of 
n atural gases. T h e higher m em bers of the paraffin 
series are more soluble in these solven ts than  are 
the low er m em bers. T h e authors h ave used tests th a t 
consist in shaking 100 cc. of the natural gas in 50 cc. 
of alcohol or 35 cc. of claroline oil, and n oting the 
loss in gas volum e. T h e  test is arb itrary. U nder 
these conditions it  w as foun d th a t n atural gases 
soluble to  th e exten t of from  30 to  86 per cent of their 
vo lu m e were used for condensing gasoline. In all 
these tests inconsistencies h ave been n oted, so th a t 
especially as regards the m inim um  sp ecific-gravity  
tests and so lu b ility  num bers herein given  one would 
not feel sure abou t the fea sib ility  of p lant in stallation.

N atu ral gases differ m uch in com position. T h e so- 
called  w et gases, for instance, m ight contain  a v e ry  
large proportion  of m ethane, w ith b u t little  ethan e, 
propane and butane, b u t enough of the gasoline vapors 
to  w arran t p lant in stallation . A n other gas w ith the 
sam e specific g ra v ity  m ight contain  a co m p a ra tiv ely  
sm all proportion  of m ethane and ethan e, a large pro­
portion of b u tan e and propane b u t n ot enough of the 
gasoline con stituen ts to  w arran t p lant in stallation. 
T h e safest recourse is to  be had to some ty p e  of 
lab o rato ry  com pressor or b etter still to  a portable 
ou tfit consisting of gas m eter, gas engine, com pressor, 
cooling coils and  receiver. Such an ou tfit can be 
hauled from  well to  well on a w agon. T ests con­
ducted  b y  such a m ethod m ust also be in th e hands 
of com peten t persons.

Q U A N T IT Y  O F T H E  GAS

M a n y  plants are in operation w orking on as little  
as 125,000 cubic feet of gas per 24 hours. Som e are
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.working on as little  as 40,000 cubic feet. These la tter  
are largely  experim ental. A  fa ir  sized p lan t to  handle 
125,000 cubic feet costs abou t $10,000. There are 
p rob ab ly  200 plan ts in th e U nited  S tates m akin g 
gasoline from  natural gaSi

V A L U E  OF R E S ID U A L  G A SES

R esidual gases le ft a fter p lan t operation are of 'h ig h  
heatin g va lu e, unless con tam in ated  w ith  air. A ir  m ay 
leak  into  the pipes due to  reduced pressure on the pipe 
lines (as m uch as 25 inches of m ercu ry). In  on e,case 
th e authors foun d th a t a residual gas had a heatin g 
value alm ost tw ice as high as th e heatin g valu e of the 
P ittsb u rgh  n atural gas. A ccordin g to  the facts 
a lread y presented th e residual gas is bound to  be a

T a b le  I gives the results of the analysis of the 
n atural gas used b y  a p lant near Follansbee, W. Va. 
T h e analysis, specific g ra v ity  and claroline absorption 
show  this to  be a rich gas. I t  w ill be seen th at but 
little  difference exists betw een the com position of the 
crude gas before and after it has been compressed to 
50 pounds per square inch. It  is on ly after compres­
sion to  2 50 pounds per square inch and cooling, that the 
com position of th e gas m ixture changes appreciably. 
T h e high heatin g valu e of th e residual gas is apparent.

T a b le  II  shows the results obtained from  a small 
p la n t near M cD on ald , Pa. T h is is n ot a ve ry  “ wet” 
gas. I t s . claroline absorption  num ber is rather low. 
It  is p ro b ab ly  near th e low er lim it of a gas adapted 
for th e condensation of gasoline. T h e composition

T a h u î I

£
4,

K ind of gas 
2281 N a tu ra l gas from Follansbee, W . V a . . . . 
2284 Residual gas after 50 lbs. compression.

P roduct has been rem oved .........................
2286 Residual gas a fter 250 lbs. compression. 

P roduct has been rem oved .........................
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2339 1.41 8 3 .6 21 .4

2295 1.38 82.0 26 .6

1913 1.15 63 .6 77.3

C om position, P er cent

U
78.2

72.8

22.0

O
cl
O

z u b
0.4 (a) 100.0

0.6 (a) 100.0

0.7 (0) 100.0
(a) Trace of CO2 present. Gas is from 75 producing wells and  is w ithdraw n under a reduced pressure of 20 inches of m ercury. The gasoline is 

blended with low-grade refinery n ap h th a  and  then m arketed.

rich gas, because the m ethane and th e ethane are not 
liquefied, and on ly  a portion of th e propane and butane. 
N either are all th e gasoline vapors condensed. A ir 
m ay ap p reciab ly  low er the valu e of the gas, how ever. 
Som e residual gases contain  40 to  50 per cent of air.

D E P L E T IO N  O F T H E  R E S ID U A L  GAS AS R EG A R D S 

Q U A N T IT Y

T o  give exact figures for the q u a n tity  of gas and 
vapor th a t disappear from  th e raw  gas in p lan t opera­
tions is im possible. If four gallons of condensate 
are produced from  each 1,000 cubic feet of n atural 
gas, abou t 140 cubic feet of gas per 1000 m a y disappear.

of the gas does not change to a v e ry  m arked degree 
after it  has been com pressed to  80 pounds per square 
inch.

N O T E

T h e foregoing is a b stracted  from  a bulletin  covering 
in greater detail the condensation of gasoline from 
n atu ra l gas. T h is bulletin  is in  press. I t  treats of 
th e w aste of n atural gas, sta tu s of th e natural gas 
gasoline in d u stry , fu tu re of it, u tilization  of caring 
head gas, occurrence of gas and oil, use of gas from flow 
tan k s, va lu e  of p lan t eq uipm en t, chem istry of natural 
gas, occurrence of gasoline in casing head gas, gasoline

K ind of gas 

2809(6) N a tu ra l gas, M cD onald, Pa. 

2807

2809

R esidual gas a fter 20 lbs. com pres­
sion product has been rem oved. . 

Residual gas a fter 80 lbs. com pres­
sion, p roduct has been rem oved. .

o 5 
O 

r i7i9 
\  1204(6)

1233

T a b u î  I I

Com position, Per cent

1.01

W}
Pu
38 .5
27 .0

30.1 

25 .0

o C
a r*o c

30. I 

29 .0

3 0 .0
(a) T his analysis calculated air-free to  show the com position of the  crude gas.

*3

u V O d
C
U £

0
h

2 .7 96.1 1.0 0 .2 100.0
1.9 67 .3 0 .6 0.1 100.0

0 .7 6 9 .6 0 .6 0.1 100.0

7 .2 62 .0 0 .7 0.1 100.0

A ctual com position of gas delivered to  the  compressor.

T h is figure is based upon the eq u ivalen t of liquid  
b utan e, pentane, etc., in cubic feet of gas.

T h e follow ing tables show’ the lab o rato ry  tests con­
ducted  on gases from  tw o plants a t various stages of 
p la n t operation. T h e B ureau has m any more.

p lan t operation, testin g  n atural gas for gasoline, value 
of residual gas, air in the gas, life of wells, han d lin g  

and blending th e condensate, and the m arketing of the 
product.

13u r k a u  o f  M i n e s  
P it t s b u r g h
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SO M E T E S T S  O F  P A IN T S  F O R  S T E E L , SU B JE C T E D  T O  
A L T E R N A T E  E X P O S U R E  T O  A IR  A N D  F R E S H  W A T E R 1

By P e r c y  H. W a l k e r 5 a n d  S. S. V o o r iie k s 1

The follow ing jo in t in v estigation  w as planned b y the 
Geological S u rv ey , D ep artm en t of the Interior, and the 
Bureau of C h em istry , D ep artm en t of A gricu lture, 
in response to general requests for definite inform ation  
regarding effective  pain t coatings for th e protection  
of structural steel, esp ecially  when sub jected  to in ter­
m ittent w ater im m ersion. . B efore the. w ork could be 
started, how ever, certain  general investigation s, in­

direction of the B ureau  of C h em istry  and th e  B ureau 
of Standards.

'I he general in vestigation  considered the protection  
afforded b y  pain t coatings to  both wood and steel 
structures under v a ry in g  conditions of service. Such 
a program  n atu ra lly  resolved itse lf into  a th eoretical 
consideration of the agencies w hich cause corrosion 
and d ecay and m eans to  preven t th is action, and such 
theoretical conclusions had to  be confirm ed b y  an 
extended series of service tests before th e y  could be 
accepted. A  num ber of in vestigation s and tests have

White Lead, C on trac t No. 8072:
Spec, grav ity  (15.6° C ./1 5 .6 0

C .) .................................  6 .46
Total lead as PbO (per cen t).. 85 .8
Carbon dioxid (CO2) (per cent) 12.7
Loss on ignition less CO2 (per 

cen t) ................................  1 .6

C o m p o s it io n  o p  P ig m e n t s  a n d  C o n s t a n t s  o p  t h e  L i n s e e d  O il  

Indian  Red, C on trac t No. 8124:
Specific g rav ity  (15.6° C ./1 5 .6 0

C .)............................ ....................  5 .12
Insoluble siliceous m a tte r (per

cent)  ..................................  0 .8
A lum ina (AlsOa) (p e rc e n t)   2 .6
Ferric  oxid (FeîOa) (percen t).... 96 .6

The above analysis indicates the  following < 
position:

Lead carbonate  (PbCOa) (per
cen t) .............................................  76 .9

Lead hydroxid [Pb(O H )j] (per 
cen t).............................................. 23.1

Zinc White, Am erican, C on trac t No. 2958: 
Specific g rav ity  (15.6° C ./1 5 .6°

C .) .................................................... 5 .56
M oisture (per c e n t) . . .  .............  0 .2
Insoluble in HC1 (per cen t)  0.1
Lead..................................................  trace
Zinc oxid (ZnO) (per c e n t ) . . . .  99 .4

Lampblack, C on trac t No. 8128:
Specific g rav ity  (15.6° C./15.6®

C -)................................................  1.72
M oisture (per c e n t) ..................... 1.1
Ash (per c en t) ...............................  0 .07

Slag Pigment, C on trac t No. 10436:
Specific g rav ity  (15.6° C ./15 .6°

C -) ................................................  3 .51
Moisture (per c e n t) ......................... 0 .2
Ferrous oxid (FeO) (per c e n t) . 15.1
Ferric oxid (FesOa) (per cent). 3 .4
Alumina (Al:Oj) (per c e n t ) .. .  6.1
Manganese oxid (M nO) (per

cen t).................................................  5 .3
Silica (SiOi) (p e rc e n t) .................. 13.0
Calcium sulphid (CaS) (per

cen t).................................................  1.1
Lime (CaO) (per c e n t) ............... 4 1 .4
Magnesia (M gO) (per c e n t) . . .  9 .1
Phosphoric anhydrid  (PjOs)

(per cen t)........................................  4 .4

fluke Graphite, C o n trac t No. 8129:
Specific gravity  (15.6° C ./1 5 .6 °

C ) ....................................................  2 .2 0
Moisture (per c e n t) ......................... 0 .07
Ash (per c c n t) ...................................  6 .8

Artificial Graphite, C o n trac t No. 8123:
Specific grav ity  (15.6° C ./1 5 .6 0

c ) ..................................................... 2 .17
Moisture (per c e n t) ......................... 0 .0 6
Ash (per c c n t) ...................................  7 .2

Chromium Oxid Green, C on trac t No. 8126: 
Specific g rav ity  (15.6° C ./15 .6°

C .).................................................
Insoluble siliceous m a tte r (per

c e n t) .............................................
Ferric oxid (FejOj) (per ccnt)
Chrom ium  oxid (CriOa) (per 

c e n t) ....................................

5 .02

1.7
0.1

98 .3

Chrome Yellow, C on trac t No. 8127: 
Specific grav ity  (15.6° C ./15 .6°

C .).................................................  5 .75
Loss a t  110° C. (per ccn t)  0 .3
T o ta l lead as PbO  (per c en t)... 69.5
Chrom ic anhydrid  (CrOa) (per

cen t) .............................................  28 .8
Sulfuric anhydrid  (SOa) (per

c e n t) .............................................  0 .7
Sodium  oxid (NasO) (per

c c n t) .............................................  0 .3

Zinc Yellow, C on trac t No. 8125:
Specific grav ity  (15.6° C ./15 .6°

C .)................................................. 3 .5 0
Loss a t  110° C. (per cen t)  0 .2
T o ta l loss on ignition (per

cen t) ................................................ 13.8
Insoluble in acetic acid

(BaCrO<) (per c e n t ) .............. 1 .6
Potassium  oxid (KjO) (per

cen t) ............................................ « 10-2
Zinc oxid (ZnO) (per c en t)   38 .2
Chromic anhydrid  (CrOj) (per

c en t).............................................  41 .6
Sulfuric anhydrid  (SOa) (per

cen t) ................................................. 2 .5

Red Lead, C ontract No. 10368:
Specific g rav ity  (15 .6°  C ./15 .6°

C .)................................................. 8 .63
Insoluble in HC1 (per ccn t)  0 .3
T otal lead (Pb) (per c cn t)   9 1 .4
Lead peroxid (PbOs) (per

c e n t)................................................ 23.7

Kaolin, C o n trac t No. 10357:
Specific g rav ity  (15.6° C ./15.6®

C .).................................................  2.41
Silica (SiOs) (per c c n t) ................   30 .3
Alum ina and  Oxid of Iron

(AhOa 4* FcjOa) (p e rc e n t)... 18.6
Lim e (CaO) (per c e n t) ..............  15.9
Sulfuric anhydrid  (SOa) (per

cen t) .................................    21 .7
M oisture and  undeterm ined, by  

difference (per c e n t) ...............  13.5

M agnetic Black, C on trac t No. 8066:
Specific g rav ity  (15.6° C ./15 .6°

C .).................................................  4 .42
Loss a t 110° C. (per cen t)........  0 .6
T o tal loss on ignition (per ccnt) 5 .2
T o tal iron calculatcd as Fe?Oa

(per c cn t) ..................................... 93 .2
Ferrous oxid (FeO) (per ccn t). 29 .9
C arbon dioxid (per c e n t) ...........  8 .0
Sodium .............................................  present
C alcium ..............................................  trace

T his m ateria l is, therefore, no t pure FeaOi b u t 
has approxim ately  the  following com position: 

M agnetic oxid of iron (FeaO<)
(p e rc e n t) ....................................  60 .4

Ferric  oxid (FeiOa) (p e rcen t).... 18.3 
Ferrous carbonate  (FeCOa)

(per c c n t) ..............................  18.0
Sodium  carbonate  (NajCOa)

(per c cn t) ....................................  2 .8
M oisture (per cen t)................ 0 .5

American Vermilion  (Scarlet Lead C hrom ate), 
C on trac t No. 10518:
Specific g rav ity  (15.6° C ./15 .6°

C .)..................................................... 6 .79
T o tal lead as PbO  (per c e n t ) . . 80 .9
Chrom ic anhydrid  (CrOa) (per

c cn t) .............................................  17.2
Sulfuric anhydrid  (SOa) (per

c e n t) .............................................  1.1
Loss on ignition (below red

heat) (p e rc e n t) .......................  0 .8

Linseed Oil, C o n trac t No. 8067:
C olor................................................. golden brown
Odor ............................................... norm al
Specific g rav ity  (15.6° C ./15 .6°

C .)  0.9335
Acid n u m b er................................  1.7
Saponification n u m b er.............  193.6
Iodin n u m b er............................... 179.6
Ash (per c e n t) ............................ 0 .15

eluding p ro tective  coatings, were transferred from  the 
Geological S u rv ey  to  the B u reau  of Standards, so th a t 
the present in vestig atio n  w as conducted  under th e jo in t

1 Results of coöperative investigations carried on by the  B ureau of 
•Chemistry and the B ureau  of S tandards. Presented a t  the '48th M eeting 

the American Chem ical Society, Rochester, Septem ber 8-12, 1913.
3 Chief, C ontracts  L abora to ry , B ureau oi Chem istry.
1 Engineer C hem ist, B ureau of S tandards, D epartm en t of Commerce.

been m ade on m ost of the phases of this general prob­
lem , b u t, ow ing to  th e d ifficu lty  of controlling the 
fa cto rs w ith  sufficient exactness to  obtain  tru ly  com ­
parable results, th e progress has been slow.

One of th e n ational techn ical societies is engaged in 
th is general research, b u t as no definite inform ation  
was a vailab le  on th e protection  of stru ctu ra l steel 
su b ject to  in term itten t im m ersion, in th e present
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in v estigation  th e effect of fresh w ater im m ersion was 
studied. F ifteen  paints were tested  in th is  series, 
including tw elve stan dard  single pigm ents, tw o  m ixed 
pigm ents, and one experim ental pigm ent. As th e test 
w as confined to  a com parison of pigm ents the sam e 
oil and drier were used th rou gh ou t the test. A ll the 
pigm ents excep t th e experim ental one w'ere stan dard  
com m ercial products purchased in the open m arket, 
and analyzed  in th e usual m anner in th e C on tracts 
L ab o rato ry , B ureau of C hem istry .

W hile those tested  do n ot include all the paint 
m aterials -recom m ended for th e protection  of steel 
structures, th e y  do include th e stan dard  ty p e s  used 
for th is purpose and these tests should be considered 
as only prelim inary to aid in developin g a m ore ex­
tended in vestigation  at som e later date.

P R E P A R A T IO N  OF D R IE R

T h e drier w as m ade in th e lab o rato ry  b y  sapon ifyin g 
w ith  caustic alkali the linseed oil used in th e test, 
dissolving the resulting soap in w ater and p recip itatin g 
the lead  and m anganese linoleates b y  adding lead 
a cetate  and m anganous sulfate, respectively'. T h e 
w ashed and dried lead and m anganese linoleates were 
dissolved in pure spirits of turpen tin e so th a t  th e re­
sultin g solution contained 3.92 per cen t lead  and 0.79 
per cen t m anganese.

P R E P A R A T IO N  OF P A IN T S

P relim inary tests were m ade w ith  the selected p ig ­
m ents to determ ine the am ount of oil n ecessary to 
g ive a p ain t of a v iscosity, as determ ined b y  the 
Storm er viscosim eter, of abou t 50 seconds (a  paint 
of this v isco sity  havin g been found to  have a good 
consistency for spreading) and to determ ine the 
am ount of drier to  cause the pain t to  d ry  in abou t 
tw elve  hours. In th e actu al preparation  of the paints 
the pigm ents were ground in an im proved  N o. 2 H arris 
mill w ith sufficient oil to  form  a paste. T h e pastes 
were then reground w ith  th e rem aining oil as cal­
cu lated  from  the prelim inary tests, th e drier was 
added, and the whole paint again  run through the mill. 
T ab le  I shows the actu al com position and viscosities 
of the finished paints. T he specific g r a v ity  of each 
p ain t was determ ined b v  th e w eight of 100 cc. at 
2 1 .1 0 C. (70° F .).

M E T A L  U SE D

P lates of basic open hearth steel, one-eighth inch 
th ick , 24 inches long, and iS  inches wide were used 
for all tests. A n alysis  of a sam ple ta k en  from  one of 
the p lates gave the follow ing results:

S t e e l , C o n t r a c t  N o . 1 5576

B ureau of B ureau of
C hem istry S tandards

D eterm ination P er cent P er cent
Silicon (S i ) ................................... ............ 0.019 0.019
Sulfur (S )...................................... ............ 0 .062 0.062
Phosphorus (P ) ........................... ...........  0 .009 0 .0 1 1
M anganese (M n)........................ ...........  0 .39 0 .39
Carbon (C )................................... 0.11
Copper (C u )................................. 0 .013

M A R K IN G  P L A T E S  

E ach p late w as m arked b y  the position of one-eighth 
inch holes drilled i centim eter from  the long upper

edge of th e p late. T h e distance in centim eters of 
each hole from  the le ft hand short edge w as the same 
as th e  num ber of th e paint. A s each pain t was tested 
in trip licate , ind ivid u al p lates in each set were dis­
tin guished b y  one, tw o, or three one-eighth inch holes 
drilled i centim eter from  th e left-h an d  short edge and 
abou t 20 centim eters dow n th a t edge from  the upper 
left-h an d  corner of the p late (see F ig. i) .

F i g . 1— M a r k in g  P l a t e s  ( P a in t  N o . 5 , S e t  1)

C L E A N IN G  P L A T E S

A n y  m ethod of pick lin g to  clean m etal for paint 
tests is open to  the ob jection  th a t it  is exceedingly 
d ifficult to  insure com plete rem oval of all the acid or 
salts from  th e pickled  surface. Sand b lastin g is by 
far th e best m ethod; no corrosive acids are brought 
into con tact w ith  th e m etal and the sand-blasted 
surface is an ideal one for the application  of paint.

T h e p lates were th o ro u g h ly  cleansed from  all mili 
scale, dust, grease, etc., b y  sand b lastin g until a uni­
form  surface of clean m etal w as exposed, and were 
p ain ted  while still bright. A ll were in perfect condi­
tion w hen painted  excep t tw o, P late 3 of P ain t 1 and 
P late 3 of P ain t 5, w hich  were som ew hat rusted in 
tin y, deep spots extendin g rather un iform ly over the 
surfaces. Since there was no appreciable difference 
b etw een the three p lates on these tw o tests it is evi­
dent th a t these sm all rust spots had no m arked in­
fluence.

S P R E A D IN G  R A T E

It  w as inten ded to  ap p ly  all p a in ts a t a uniform 
spreading rate of 900 square feet per gallon. The 
specific gravities were determ ined b y  w eighing 100 
cc. of the well m ixed pain t a t 2 1 .i °  C . (70° F .). (The 
specific g r a v ity  m ultiplied  b y  3785.4 gives the weight 
in gram s per gallon, and the p roduct divided by 900 
g ives the num ber of gram s of p ain t to  be applied to each 
square foot.) O w ing to the d ifficu lty  of thoroughly 
m ixing th e paints, the sp ecific-gravity  determinations 
are not a lw ays correct, and it  would probably have 
been b ette r  to have m ade the calcu lations from the 
determ ined values for th e variou s ingredients of each 
paint. A s som e errors were m ade in calculatin g, from 
the determ ined specific gravities , th e weights of



Nov., 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 901

paint to be applied, th e spreading rates were n ot all 
exactly  900 square feet to  the gallon. T h e y  do not, 
however, differ v e ry  g rea tly  from  th is figure and in 
Table I the spreading rates, calcu lated  from  the w eight 
used and th e determ ined specific gravities, are given 
in colum n 9, and from  the calcu lated  specific gravities, 
in colum n 10.

B R U S H E S  U SE D  IN  P A IN T IN G

The brushes used in all th e pain tin g in this series 
of tests were flat chisel-edge flow ing varnish  brushes of 
good q u ality , th e len gth  of bristles outside of ferrule 
being betw een 21/ t and 2V2 inches. A  new brush was 
used for each pain t and after use it  was cleaned in 
turpentine, then  in  benzine, allow ed to  dry, and kept 
free from  dust un til used again  for a subsequent coat 
of the sam e paint.

A P P L IC A T IO N  OF P A IN T

E ach cleaned p late  w as supported  over a table  b y  
four wooden pins w hich held it  a t points one-half 
inch from  th e edges (see F ig. 2). A  su itab le q u a n tity  
of the well m ixed p ain t in a casserole w ith th e brush 
was w eighed on a balance accu rate  to  10 mg. T he 
paint w as applied to th e  fu ll surface of th e plate, brush­
ing b ackw ard  and forw ard , and th e casserole, paint, 
and brush were w eighed from  tim e to  tim e un til the

A n y  abrasions were retouched, and allow ed to dry 
th o rou gh ly  before a p p ly in g th e next coat (see F ig. 3). 
T h e second coat w as applied to the fu ll w idth and tw o-

F i g . 2— M e t h o d  o f  S u p p o r t i n g  P l a t e  p o r  P a in t in g

thirds of the length  of th e p late  and the th ird  coat to 
the full w idth  and on e-third of th e length . A ll tests 
were conducted  in trip lica te  and b y  th e m ethod of

T a b l e  I — D a t a  o n  C o m p o s it io n  a n d  P r o p e r t i e s  o p  P a in t s  U s e d  i n  T e s t s  o p  P a in t s  f o r  S t e e l

Specific

E<gu
O

7 8
W eight per 

gallon (Sp. gr. 
X 3785.4)

9 10
Spreading 

ra te  (sq. ft. 
per gal.) cal­
culated  from

‘3 C o m p o s i t i o n  o f  P a in t

l(a)2270 gram s w hite lead, 947 cc. linseed oil, 30 
cc. d r ie r ......................................................................

2 1435 gram s zinc w hite, 2400 cc. linseed oil, 40
cc. d r ie r.......................................................................

3 646 gram s w hite lead, 556 gram s zinc white,
825 cc. linseed oil, 40 cc. d r ie r ...........................

4 235 gram s lam pblack, 1300 cc. linseed oil, 40
cc. d r ie r.......................................................................

5(a) 1075 gram s special slag pigm ent, 650 cc. linseed 
oil, no d rie r ................................................................

6 780 gram s flake graphite, 1300 cc. linseed oil,
40 cc. d r ie r .................................................................

7 762 gram s artificial graphite, 1150 cc. linseed
oil, 45 cc. d r ie r .........................................................

8 1024 gram s Ind ian  red, 482 gram s kaolin, 1300
cc. linseed oil, 40 cc. d r ie r ...................................

9 1799 gram s In d ian  red, 1900 cc. linseed oil, 30
cc. d r ie r .  ..................................................................

10(6)1764 gram s chrom ium  oxid green, 1800 cc.
linseed oil, 35 cc. d r ie r ..........................................

11 1400 gram s chrom e yellow, 2960 cc. linseed oil,
40 cc. d r ie r .................................................................

1230 grams zinc yellow, 1600 cc. linseed oil, 35
cc. d rie r......................................................................

1553 gram s m agnetic oxid black, 1950 cc. lin-

500 gram s red  lead, 220 cc. linseed oil, no
d rie r.............................................................................

900 gram s American verm ilion, 300 cc. lin-

gra v ity aCS J From  de­
term ined 

sp. gr. 
G ram s

From  cal­
culated 
sp. gr. 
G ram s

(L
D ate  of painting

D eter­
mined

Calcu­
lated V

is
co

s
6.

2) .5 o'’5 05

o
and

7

6
and

8
C oat 1 C oat 2 C oat 3

2.45 2.39 53 10.32 9274.2 9047.1 899 877
1910 

Aug. 1
1910 

Aug. 29
1910 

Sept. 16

1.35 1.37 48 5 .69 5110.3 5186.0 898 911 » -

1.78 1.87 46 7.47 6738.0 7078.7 902 948 «

1.00 1.08 47 4 .20 3785.4 4088,2 901 973 “ »

1.83 1.76 46 7.33 6927.3 6662.3 945 903 « -

1.18 1.20 48 4.95 4466.8 4542.5 903 918 Aug. 2

1.21 1.21 47 5.07 4580.3 4580.3 903 903 “

1.60 1.59 50 6.71 6056.6 6018.8 903 897 “ Aug. 30

1.57 1.58 48 6.60 5943.1 5980.9 900 906

1.63 1.59 48 6 .88 6170.2 6018.8 897 875 Aug. 3 »

1.21 1.26 49 5.07 4580.3 4769.6 903 941 "

1.36 1.39 48 5 .74 5148.1 5261.7 897 917 " »

1.48 1.44 50 6.22 5602.4 5451.0 901 876 " "

2 .39 2 .54 50 10.04 9047.1 9614.9 901 958 Aug. 4 Aug. 15 Aug. 30

2.88 2.72 50 12.10 10902.0 10296.3 901 851 Aug. 30 Sept. 16 O ct. 12
(а) P la te  3 som ew hat rusted  in tin y  deep spots over p ractically  whole surface.
(б) Second coat did  no t d ry  a t  all for a  long tim e. W as still sticky  when th ird  coat was applied.

decrease in w eight showred th a t th e required am ount 
°f paint had been applied. T h e p lates were then 
lifted b y  th e edges, turn ed  over, and a fter the other 
sides were p ain ted  in a sim ilar m anner, were placed 
in a rack -where th e y  were su p p o rted -b y  four points.

pain tin g each .p la te  represented first, second, and third  
coat work.

P R E C A U T IO N S  B E F O R E  E X P O S IN G  P L A T E S

T h e preparation  of the paints and th e pain tin g were 
done in a room  free from  lab o rato ry  fum es. T h e plates
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were dried in this room  and k ep t there until the ex­
posure tests were begun.

E X P O S U R E  OF P L A T E S

Three rectan gular tan k s large enough to hold 25 
plates 18 b y  24 inches were used for the exposure 
test. T a n k s 1 and 2 were of wood and unlined, and 
ta n k  3 w as lined w ith  sheet lead. It  w as soon found, 
how ever, th a t ta n k  1 leaked  so b ad ly  th a t it  w as neces­
sary  to line it. T h is w as done w ith sheet zinc, so the

F i g . 3— F r a m e  f o r  D r y in g  P l a t e s

actual exposures were m ade in a zinc-lined ta n k , an 
unlined w ooden ta n k  and a lead-lined tan k. T h e 
p lates were held in a vertica l position b y  a wooden 
fram ew ork so th a t th e y  were in con tact w ith wood only 
and were separated  from  one another b y  a space of 
abou t x inch.

T h e tests proper were started  on F eb ru ary  1, 19 11 , 
w hen one p late of each test was placed in each of the 
tan ks m entioned, these tan ks being filled w ith w ater 
e v ery  afternoon a t 4 o ’c lock and em ptied the next 
m orning a t 9 o ’clock. T h is filling and em p tyin g was 
done each w orking d a y , excep t when the w ater was 
frozen from  F eb ru ary  21 to 23, on M arch 16, and D e­
cem ber 28, 19 11 , and from  Jan u ary 5 to  22, 1912. 
On the last nam ed date th e plugs were rem oved from  
the tan ks and the w ater allow ed to drain off as soon 
as the ice m elted. The plates were k ep t in the em p ty  
tan ks from  th a t tim e. T a b le  I gives d ata  on th e com ­
position and properties of th e paints used, spreading 
rates, dates of painting, and notes m ade w hile a p ­
p ly in g th e paints; T a b le  II gives results of nine in ­
spections of these tests.

D IS C U S S IO N  OF FO R M U L A S U SE D

P ain ts 1, 2, 3, and 4 are stan dard  form ulas and

require no com m ent. P ain t 5, special slag pigment, 
is n ot a com m ercial pigm ent b u t is a m aterial furnished 
b y  the Office of P u blic  R oads, U nited  S tates Depart­
m ent of A gricu ltu re, as a m aterial which, ow ing to its 
rust-inhibiting properties in aqueous solution, might 
be of service as a pigm ent. T h e analysis, however, 
shows the m aterial to  be h igh ly  basic in character 
and it  was ob viou sly  im possible for it  to  produce a 
durable pain t w ith  linseed oil.

P ain ts 6 and 7 require no com m ent.
P ain t 8, Indian  red and kaolin, w as intended to 

approxim ate in com position some of th e n ative iron 
oxid pigm ents and a t first C hina c lay  w as secured to 
dilute th e In dian  red, b u t this w as rejected  since it 
w as foun d to  be largely  ad u lterated  w ith calcium 
sulfate. K aolin , passing th e U n ited  States Pharm­
acopoeia tests, was then used and th e p ain t made and 
applied, b u t on m akin g th e analysis later this kaolin 
also was found to contain  a large am ount of calcium 
sulfate. A n  exam ination  of th e tests for kaolin in the 
P harm acopoeia shows th a t these tests w ill not secure 
pure kaolin; th e tests for th is m aterial should be 
th o rou gh ly  revised in th e n ext edition of the Phar­
m acopoeia.

P ain t 9 requires no com m ent.
P ain t 10 is a little  used and expensive pigm ent, but 

as its  color is p rob ab ly  m ore perm anent than  th at of 
an y green m ade b y  m ixing blue and yellow  and as it 
has been used w ith good results in pain tin g  the cages 
a t the N ational Zoological P ark, W ashington, D. C., 
it  was deem ed ad visable to  include it  in the tests. 
T h e v e ry  peculiar beh avior of this p ain t on drying is 
w o rth y  of note. T h e first coat dried in less than 
tw e lv e  hours, b u t th e  second coat w as not even tacky 
a t the end of several d ays and w as e xa ctly  like a 
m ixture of pigm ent in a n on-dryin g oil. It  was at 
first th o u gh t th a t either som e m istake had been made in 
the p ain t or th a t som e unusual w eather condition caused 
this pecu liarity , b u t on pain tin g a fresh piece of steel 
w ith th e sam e paint, it  w as found to  dry well as a 
first coat, b u t failed to  d ry  as a second coat. The 
authors have no exp lanation  to  offer of th is phenomenon.

P ain t 11 requires no com m ent.
P ain t 12, zinc yellow , is an expensive pigm ent, but 

has been h igh ly  recom m ended b y  some authorities as 
an inh ib itor of rust.

P ain t 13, m agn etic oxid b lack, i£ a com paratively 
new pigm ent. I t  is w o rth y  of n ote th a t th e analysis 
shows the m aterial n ot to  be pure F e30 .|.

P ain t 14 requires no com m ent.
P ain t 15, A m erican  verm ilion  or scarlet lead chro- 

m ate, is an expensive pigm ent, b u t one which from its 
excellent record in other tests should be included in 
a n y  set of pigm ent tests.

C O N C L U S IO N S

T h e results of inspections g iven  in T ab le  II require 
v e ry  little  com m ent. T h ere are som e inconsistencies 
in the reports, b u t as these inspections are merely 
results of general opinions on th e  condition of the 
p lates inspected, such inconsistencies are to be ex­
pected. T h e notes are g iven  essen tially  as taken down 
b y  th e inspectors a t th e tim e of inspection.
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T he authors realize th a t no sw eeping conclusions 
can be draw n from  an y one series of tests, and while 
they feel th a t  more care has been taken  to elim inate 
all variab les excep t th e pigm ents th an  has been taken 
in an y previously  published service tests, th ey  th in k 
that results w hich are not in accordance w ith previous 
tests and experience should be taken w ith caution. 
The excellent show ing, how ever, of P ain ts 14 and 15 
are w holly  in accordance w ith investigation s b y  others 
and with the experience of users of p ain t for steel. 
Red lead and linseed oil and A m erican  verm ilion 
(scarlet lead chrom ate) and linseed oil are un doubtedly 
am ong the v e ry  best for the protection  of iron. The 
suggestion is therefore offered th a t future tests be 
made b y  adoptin g such a form ula as P ain t 14 as a 
standard and pain tin g half of each p late  tested  w ith 
the stan dard  and the other h alf w ith the paint to be 
tested. If the plates are cleaned b y  sand blasting 
instead of pick lin g it can safely  be assum ed th a t the 
only variab le is the p ain t and m uch b etter conclusions 
m ay be draw n th a n  when possible variation s in the 
metal m ust also be considered.

B u r e a u  o f  C h e m is t r y  a n d  B u r e a u  o f  S t a n d a r d s  
W a s h in g t o n

T H E  C O R R O S IO N  O F  M E T A L S  B Y  W A T E R

By A. T. S t u a r t  

Received June  17, 1913

P a r t  I — R e l a t i v e  C o r r o s i v i t y  o f  “ M e c h a n i c a l l y  
F i l t e r e d ”  a n d  “ R a w ”  W a t e r

C onditions in each of th e follow ing series of experi­
ments were quite uniform  so th a t com parisons within 
that set are possible. T h e m etals used were em ployed 
in the form  of wires, cu t in equal lengths. These were 
coiled and suspended in bottles containing 400 cc. of 
the w ater to be exam ined. T h e m easure of corrosion 
was obtained by w iping the w ires w ith  a cloth and find­
ing the loss in w eight.

In order to  ascertain  th e effect on corrosion of unlike 
metals in con tact, tw o  com m on m etals of greatest 
difference in poten tia l were chosen. T he wires were 
wound around each other, then coiled and suspended 
as before.

These tests were n ot allow ed to last longer than  seven 
days, for it w as fe lt th a t in th a t tim e actual conditions 
in any c iv ic  su p p ly  were a lread y  exaggerated, contact 
surfaces considered.- A t the end of th a t tim e considerr 
ably larger am ounts of iron were capable of being tran s­
ported b y  the w ater th a n  could ever be tolerated  in 
practice.

The follow ing w aters were tested:
1. From  W atertow n, N . Y., "m echanically  filtered,” Sam ple "A ."
2. From  W atertow n, N . Y ., "m echanically  filtered,”  Sam ple " B .”
3. From  W atertow n, N . Y ., “ raw ,”  Sam ple " C .”
4. From  O ttaw a, O nt., "m echanically  filtered,” Sam ple " D .”
5. From O ttaw a, O nt., " raw ,” Sam ple “ E .”
6. From  O ttaw a, O nt., "ch lo rina ted” (only). Sam ple " F .”
7. From O ttaw a, O nt., M gO used as p recip itan t, Sam ple "G .”

Experim ent i A  showred th a t w aters “ A ,”  “ B ,”  
and “ C ”  were eq u a lly  corrosive.

It is ev id en t from  these figures th a t no appreciable 
differences exist in the action  on iron of raw  or treated  
waters (m echanical filtration) in so far as th e y  m ay be 
revealed b y  losses in w eight of the m etals. It is sig­

n ificant th a t the results obtained  are the sam e for all 
sam ples of w ater except sam ple “ G .”

A lth ough  these figures are p ra ctica lly  identical, 
there are extrem e and im p ortan t differences in the 
character of the w ater. T h u s, it  was found th a t raw

L o s s e s  i n  W e i g h t  ( G r a m s ) o f  V a r io u s  M e t a l s  D u e  t o  C o r r o s io n  b y

W a t e r

Exp. 1— Iron W ire "A ” Alone
" F "  “ A ”  " B ”

W ater  * . * *   .________s

A t 22° C. 0.0269 0 .0274 0 .0280 0.0284 0 .0282 0.0271
A t 60° C. 0 .0394 0.0317 0 .0324 0 .0316 0 .0300 0.0258

Exp. 2— Iron  W ire “ A” Alone 
W ater " E ” “ D " " G ”
At 22° C. 0.0277 0.0261 0.0203
A t 50° C. 0 .0540 0 .0529 0.0185

Exp. 3— M etals in C on tact (Iron W ire " B ” )
W ater W ater " D ” . ' <

Iron  and  copper Iron Copper Iron Copper
A t 22° C. 0.0369 0.0000 0.0375 0.0000
A t 50° C. 0.0743 0.0000 0.0592 0.0000
Iron  and  alum inum Iron Aluminum Iron Aluminum
A t 22° C. 0.0248 0.0000 0.0225 0.0000
A t 50° C. 0.0315 0.0023 0.0260 0.0028
Iron  alone Iron Iron
A t 22° C. 0.0317 0.0328
A t 50° C.
Lead & alum inum Lead A lum inum Lead Aluminum
A t 22° C. 0.0016 0.0003 0.0067(?) 0 .0000
A t 50° C. 0.0023 0.0003 0.0013 0.0014
Lead alone Lead Lead
A t 22° C. 0.0012 0.0007
A t 50° C. 0.0011 0.0014

(W ater " F ” used in All Cases. Iron  W ire " B ”)
A t 22° C. A t 50° C.

Iron alone 
I ro n .................. 0.0289 0.0292 0.0589 0.0578

Iron  & alum inum
Iro n .................. 0.0220 0.0211 0.0125 0.0168
A lum inum ....... 0.0000 0.0000 0.0034 0.0026

Iron  & copper
I ro n .................... 0.0318 0.0314 0.0623 0.0603
C opper......... 0 .0000 0.0000 0.0000 0.0000

Lead alone
L ead ................... 0.0016 0.0020 0.0045 0.0034

Lead & alum inum
L ead.................. 0.0014 0.0031 0.0032 0.0032
A lum inum .......... 0.0005 0.0000 0 .0010 0.0004

Lead & copper
L ead .................. 0.0336 0.0436 0.1203 0.1192
C opper.......... 0.0000 0.0000 0.0000 0.0000

Copper & alum inum
C opper............ 0.0000 0.0000 0.0000 0.0000
A lum inum ....... 0.0084 0.0089 0.0036 0.0035

w aters, although corroding iron to the sam e extent, 
do not coat the iron w ith as m uch flocculent m aterial 
nor do th e y  allow  it to settle  out, as is the case w ith 
treated  w aters, b u t retain  a large proportion  in solu­
tion, w hich m ay perhaps be of a colloidal nature. 
T rea ted  w aters, a t ordinary tem peratures, becam e v e ry  
m u rky and opaque and, when hot, large am ounts of 
brow nish red rust appeared. T h is is p o p u larly  know n 
as the “ red w ater tro u b le .”  H ow ever, it m ust be 
noted th a t our figures indicate th a t the actu al am ounts 
of iron corroded were the sam e for treated  or raw w aters. 

P a r t  II — E f f e c t  o f  W a t e r  o n  M e t a l s  i n  C o n t a c t  

A p p a ren tly  the state  assum ed b y  the iron corroded 
from  the m etal is a m uch more im portan t question 
from  the stan dpoint of a c ity  su p p ly  th an  th e actu al 
am ounts. T h e conclusion in this connection  is th a t
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th e  so-called m echanical trea tm en t of w aters of these 
typ e s  is v e ry  liable to bring abou t th is troublesom e 
discoloration.

I t  m ay be noted here th a t both  these w aters exam ined 
were-of low  m ineral conten t and h igh ly  colored b y  p eaty  
m atter. I t  would be of interest to  follow  this m atter 
fu rth er w ith  various other typ es.

T hese figures are in excellent accord w ith  th e elec­
tro ly tic  theqry of corrosion and illu strate an easy 
m eans for in vestigatin g th is su b ject. A  graphic repre­
sen tation  could be presented w ith  the aid of further 
figures w hich w ould be v e ry  interesting.

C h e m ic a l  L a b o r a t o r y , D e p a r t m e n t  o f  A g r i c u l t u r e  
E x p e r im e n t a l  F a r m , O t t a w a , O n t .

S O M E  E X P E R IM E N T S  O N  T H E  C O N V E R S IO N  O F  L O N G - 
L E A F  P IN E  T O  P A P E R  P U L P  B Y  T H E  S O D A  A N D  

S U L F A T E  P R O C E S S E S 1
B y  S id n e y  D. W e l l s  

* IN T R O D U C T IO N

D urin g 1912 the F orest Service in cooperation w ith 
th e  U n iversity  of W isconsin undertook a series of ex­
perim ents on longleaf pine, P in u s paluslris, w ith the 
follow ing objects:

1. T o  stu d y  w h at influence th e variab le  cooking 
conditions h ave in th e su lfate process of pulp-m aking.

2. T o  determ ine th e su ita b ility  of longleaf pine for 
paper pulp.

3. T o  com pare the sulfate process w ith th e soda 
process.

T h is w ork has been only p a rtia lly  com pleted b u t 
since there is urgent dem and for inform ation  on the 
a d a p ta b ility  of longleaf pine, or southern pine as it 
is more com m only called, for the m anufacture of paper 
pulp, it has been th o u gh t advisable to give w h at in ­
dications our w ork has so far m ade m anifest.

L ongleaf pine w as chosen on accoun t of the large 
q uan tities of this wood th a t are being w asted  in the 
lum ber operations of the southern states and also b e­
cause m any logs are a t present being saw ed into  lum ber 
a t little  or no profit on accoun t of their sm all diam eter 
which would be of adm irable size for pulpw ood. F u r­
therm ore, the large am ount of resinous m atter in th is 
wood m ade it  desirable as an extrem e test of a cooking 
process and the long, th ick-w alled  fibers of the wood 
assured a strong pulp if it  could be produced w ithout 
a too drastic treatm en t.

E X P E R IM E N T A L  P R O C E D U R E

T h e cooking operations in th is w ork were conducted 
in tw o form s of digesters. T h e first form  consisted 
of a sm all ro ta ry  au toclave of abou t 2-gallon cap acity  
w hich w as heated  w ith Bunsen burners. The other 
form  w as a vertica l digester of 6o-gallon cap acity , 
h eated  b y  d irect steam . T h e greater portion of the 
w ork w as accom plished in the form er and in all 145 
cooks m ade. T h e d a ta  obtained in these cooks were 
used in determ ining the conditions for the larger di­
gester in which 19 cooks were m ade to obtain  condi­
tions m ore n early  com parable w ith those used in com ­
m ercial practice.

1 Paper presented a t th e  48th M eeting of the A. C. S., Rochester, 
Septem ber 8-14, 1913.

T h e w ood used w as procured in Louisian a and M is­
sissippi, and w as fa ir ly  average in rate  of growth, 
size, and con ten t of resinous m atter. I t  w as freed from 
b ark  and reduced to chips five-eighths of an inch long 
w ith  the grain. These chips were allow ed to  become 
a ir-dry and were th o rou gh ly  m ixed and sifted  to  remove 
an y d irt and sm all pieces.

T h e cooking liquors were m ade up b y  dissolving 
the required am ounts of com m ercial cau stic  soda, 
sodium  sulfide, G lau b er’s salt, and soda ash to produce 
solutions of th e  desired concen tration  of each of these 
chem icals.

In  stu d yin g  the influence of the variab le  factors 
entering into th e cooking operation  th e sm all autoclave 
w as used. T h e effect th a t  an y one variab le  condi­
tion  exerted  w as determ ined b y  a series of cooks made 
v a ry in g  the condition under observation , and main­
ta in in g th e other conditions as n early  iden tical as possi­
ble in each cook. T h e effects were ascertained 
b y  determ ining th e y ield  of pulp and carefully 
trea tin g  th e pulp in a hollander b eatin g engine 
to  develop a stuff cap able of producing as strong a 
sheet as possible when m ade into  paper. T h e quality 
and color of th e pulps were judged  b y  inspection, feel, 
am ount of beater trea tm en t necessary, and th e  strength 
and w earing qualities of th e  paper produced.

T H E  E F F E C T S  o f  V A R Y IN G  T H E  A M O U N T S OF CHEM ICALS

T h e effect of v a ry in g  th e caustic soda or sodium 
sulfide w as a .decrease in y ie ld  and a lighter colored 
pulp w ith  an increase in either one or both  of the chem­
icals. C au stic  soda w as foun d to be abou t tw ice as 
drastic in its action  as sodium  sulfide and w ith  the same 
y ie ld  th e  pulp produced b y  th e form er w as lighter 
th an  th a t produced b y  th e latter. T h e yields, however, 
do n ot decrease d irectly  in proportion  to  th e amounts 
of chem ical used, and betw een 30 and 5° pounds of 
cau stic  per 100 pounds of chips the decrease in yield 
is m uch less for equal steps th a n  below  or above these 
am ounts. T h e disagreeable odor caused b y  the pro­
duction  of m ercaptans increased w ith  th e increase 
of the sodium  sulfide, and w as m uch more noticeable 
w'here th e larger proportions of th is chem ical were 
used.

T h e sodium  carbon ate and su lfate present in the 
cooking liquor produced no v e ry  apparent effect 
excep t where the form er w as present in relatively  large 
am ounts when a retard ation  in th e action  of the other 
chem icals present w as noticeable. E nough cooks 
were n ot m ade, how ever, to defin itely establish this 
indication.

T H E  E F F E C T  OF V A R Y IN G  T H E  P R E S S U R E , D U R A T IO N  OF 

C O O K IN G  A N D  C O N C E N T R A T IO N S

T h e effect of increasing a n y  one of these variables 
w as to increase th e sev erity  of th e cooking action at­
ta in ab le  w ith  th e sam e q u a n tity  of cooking chemicals. 
W ith  a n y  com bination  of th e ab ove conditions there 
is a definite am ount of chem ical necessary to produce 
a pulp of th e best q u a lity  and it  is possible to use a 
wide range of conditions to  produce approxim ately 
the sam e result.
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S E M I-C O M M E R C IA L  COOKS

In the cooks in th e large d igester the ob ject sought 
was to obtain  th e best q u a lity  of pulp. It  was found 
that easily-b leach in g pulps could not be obtained 
w ithout using a v e ry  drastic digestion w ith  a high per­
centage of a lkali, and th a t  th e  pulps produced were 
very low  in  y ield  and extrem ely  soft and weak. It 
was, therefore, decided to  devot'e atten tion  tow ard 
producing th e stron gest pulps possible, and treat 
these pulps in th e beater to  m ake the highest grade 
of “ K r a ft .”  A lth o u gh  th e stren gth  of the paper was 
constantly considered, th e question of yield  was also 
very im p ortan t and th e  best cooks were determ ined 
with these tw o ob jects in view .

T he best cooks secured were m ade under the fo llow ­
ing conditions:

Caustic soda charged per 100 pounds bone dry chips, p o unds .................. 15 .0
Sodium sulfide charged per 100 pounds bone-dry chips, p o unds.............. 7 .5
Initial concentration  caustic  soda in cooking liquor, gram s per l i te r . . . .  26.5
Initial volume liquor per pound of chips, ¿allon .........................................  0 .68
Total duration  of cook, h o u rs ............................................................................  3 .5
Duration of cook a t  m axim um  steam  pressure, h o u rs .............................. 3 .0
M aximum steam  pressure, pounds per square in c h ...................................  100.0

The yields of crude pulp under these conditions 
were 49 per cen t of th e w eight of th e wood and the

w ith these pulps using the sam e or an even less consum p­
tion of power and in m uch less tim e.

SODA COOKS

T o  com pare the soda process w ith th e sulfate process 
in cooking longleaf pine several soda cooks were 
m ade. I t  was found th a t soda pulps could be m ade 
th a t would produce paper capable of resisting bursting 
pressure to  th e sam e degree as the best paper m ade 
from  sulfate pulp b u t th e  w earing qualities were not 
n early  as good and the yields were from  5 to  10 per 
cent less. T h e un beaten  pulps were soft and fluffy  
for even sligh tly  undercooked pulps, and although 
th e y  could be hardened in th e beater the treatm en t 
w as longer, and m uch greater care had to be exercised 
to avoid  cu ttin g th e fibers. Furtherm ore, although 
a fa irly  good grade of k ra ft can be m ade of sulfate 
pulp w ith a y ield  of 60 per cent, soda pulp produced 
w ith th a t y ield  w ould be so undercooked and b rittle  
th a t on ly  v e ry  poor w rapping could be produced. 
M oreover, it  w as foun d necessary to  cook soda pulp 
at least 6 hours to  secure good results w hile in the su l­
fa te  process 3V2 hours were foun d sufficient. T h u s 
in th e la tter  process th e sam e digester c a p acity  would 
produce tw o-th irds more pulp per d ay.

C o o k in g  C o n d it io n s  f o r  F o u r  T y p ic a l  S e m i-C o m m e r c ia l  C o o k s
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strength of th e paper produced as determ ined on the 
Mullen tester w as 9 pounds per thousan dth  of an inch 
of thickness. A n  average sheet of 0.003 of an inch 
tested 45 pounds and w eighed 45 pounds per ream  of 
500 sheets 24 inches b y  36 inches. N ot only w as the 
paper excep tion ally  stron g b u t it  was ve ry  resistant 
to wear and folding. T h e la tter  fa ct is apparent b y  
some tests m ade on it  in a Schopper Folding Tester 
in which it  w ithstood  1200 double folds before b reak­
ing.

The pulps under these conditions were v e ry  chippy 
when blown b u t th e chips were v e ry  soft, had no hard 
hearts and were readily  broken up in the beater. An 
ordinary hollander wTith  steel fly  bars w as used and 
the pulp w as beaten  tw o  hours a t ligh t brush, four 
hours at stiff brush, and one-half hour w as spent in 
lowering the roll from  one stage to  th e other.

Stronger papers than  these were produced b u t the 
yields fell off considerably. Y ie ld s  up to 61 per cent 
were obtained b u t th e stren gth  fell off more than could 
be com pensated b y  using prop ortionately  heavier 
Paper. I t  is ve ry  probable th a t writh basalt lava  
beater rolls a stronger paper could have been produced

G E N E R A L  C O N C L U S IO N S

A lthough the experim ents perform ed in th is in v e sti­
gation  are only a portion  of w hat are contem plated  
th e y  seem to m ake apparent the follow ing facts:

I. T h a t longleaf pine is well ad ap ted  for th e m anu­
factu re of n atural-color k ra ft pulps and papers.

II . T h a t th e sulfate process when applied to th is 
wTood affords pulps of b etter q u a lity  and higher yields 
than the soda process.

III . T h a t kra ft paper can be m ade from  longleaf 
pine equal or superior in q u a lity  to  th e im ported  or 
dom estic k ra ft papers now  procurable.

IV . T h e high specific g r a v ity  of th e wood insures 
a greater y ield  per cord to this wood than  is possessed 
b y  a n y  other com m ercially  im portan t pulpw ood.

T h e data  of these experim ents given  in greater detail 
is contained in a report en titled  “ T h e U tilization  of 
Longleaf Pine for P aper P u lp ”  b y  H. E . Surface and 
R. E . C ooper which is now in press a t the G overnm en t 
P rin ting Office.

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 is o n , W is c o n s in
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M O D IF IC A T IO N  O F T H E  A B E L -P E N S K Y  A N D  P E N - 

S K Y -M A R T E N S  F L A S H -P O IN T  T E S T E R S 1
B y  I r v in g  C .  A l i e n  a n d  A . S . C r o s s f ie l d

In the handling of lam p oils, p a rticu la rly  in mines 
and in buildings where open ligh ts are used, it  is im ­
p o rtan t th a t a re lativ e ly  safe oil, i. e., one w ith a high 
flash point, be em ployed. E q u a lly  im portant is th e 
determ ination of th e inflam m ab ility  of all oils in com ­
mon use. T h is paper, which is a brief of T echn ical 
Paper No. 49, published b y  th e B ureau of M ines in 
th e interest of greater sa fety  at m ining and m etallu rgi­
cal plants, does not aim to establish definite flash 
points for oils b u t describes th e instrum ents and m eth­
ods of testin g th a t can be used as a basis on which to 
establish such flash points.

T H E  F L A S H  P O IN T

In  the various m ethods used for determ ining the 
flash point of an oil th e tem perature a t which its 
vap o r flashes is not a definite factor b u t is dependent 
on a num ber of ph ysical and chem ical conditions not 
under the control of th e operator. I t  is not an indi­
cation  of th e value of an oil for an y particu lar pu r­
pose. It  is an indication  on ly  of the tem perature at 
w hich the oil g ives off vapors in such proportions th a t 
th e y  form  an inflam m able m ixture w ith th e air. If 
exposed to an electric light or a flam e the m ixture will 
ignite and the flam e extend throughout th e m ixture, 
th a t is, an explosive m ixture of vapor and air is form ed.

T H E  F IR E  HAZARD

T h e flash point, although probably the m ost im ­
po rtan t factor, will not, b y  itself, determ ine the fire 
hazard  of an y substance. T he fire hazard of a sub­
stance is also affected  b y  the v o la tility , the boiling 
point, the vapo r pressure, the vap o r den sity, th e dif- 
fu sib ility  and ten den cy of th e vapors to  trav el and 
their explosive lim its in air, its  tenden cy to  chem ical 
change, the q u a n tity  of heat liberated  per un it of 
tim e and unit of volum e, th e tem perature of the flame, 
the corrosive action  and toxic properties of the sub­
stan ce and of its  p roducts of com bustion, its  b ehavior 
tow ard  w ater both before and after ignition, and the 
ten d en cy of th e substance to  leak.

A  requirem ent th a t an oil has the highest p ra c­
ticab le  flash point, tending th ereb y  to reduce the fire 
hazard  to  a m inim um , is praisew orthy and hum ane. 
T o  require too  high a. flash point m ay im pair the b u rn ­
ing qualities of a lam p oil and also w ork a hardship 
on the refiner. H ow ever, the im m ediate profits of 
the refiner should be deem ed less im portant th an  the 
sa fety  of th e user and the protection  of the public 
again st possible loss of life and of prop erty b y  fire.

T he fire h azard  of lubricatin g oils is of im portance 
when the lubrican ts are used in rap id ly  running 
m achinery, as in spinning mills, wood mills, etc., or in 
factories contain ing com bustibles and in com pressors 
for air, am m onia, or other gases.

P articu la r atten tion  should a lw ays be given  to  the

1 Paper presented a t  th e  48th m eeting of the A. C. S., Rochester, 
Septem ber 8-14, 1913, by permission of th e  D irector of the U. S. B ureau of 
M ines.
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handling, storage, and inspection of all inflam m able 
liquids.

T h e B ureau of M ines in T echn ical P aper No. 49 
has recom m ended the adoption  of a m odified form  of 
the A b el-P en sky  and P en sky-M arten s testers for the 
determ inations of the flash points of oils flashing be­
low  150° C. T h e reasons for th e recom m endations 
of these testers are clearly  set forth in Technical 
P aper No. 49, a brief ab stract of which includes (1) the 
reasons for the n ecessity  of exa ct determ ination  of flash 
points of oils to  determ ine th e fire h azard  w ith their 
use; (2) th e  historical developm ent of flash-point 
testin g  w ith descriptions of testers in use; (3) the 
different factors th a t influence the ob tainin g of exact 
and concordant results; (4) and directions for the use 
of the tw o testers recom m ended.

T h e m odifications of the older form s of Abel-Pensky 
and P en sky-M arten s testers consist of th e following: 
each cup has been fitted  w ith an annular overflow  cup 
into  w hich th e excess of oil due to  the expansion on 
heatin g flows through a sm all opening in th e side of 
th e cup on a level w ith  the filling point. T h is assures 
the volum e of th e oil and th e vo lu m e of the vapor 
m ixture ab ove th e oil rem aining constan t. The Abel- 
P en sk y  tester is provided w ith a paddle-w heel stirrer 
iden tical w ith th a t of th e P en sky-M arten s, while the 
a u tom atic  slide of th e  A b el-P en sky  tester has been 
fitted to  th e P en sky-M arten s cup. H ow ever, in the 
last change it w as found necessary to  raise the clock 
w ork on posts above the hot b ath  as the intense heat 
drew  the tem per from  th e spring. T h e tw o testers 
as recom m ended are iden tical w ith  the exception of 
the use of the w ater b ath  for th e testin g  of low flash 
oils and th e m etal-air b ath  for those of high flash point. 
T h e cups, the au tom atic  opening devices and the 
stirrers of th e tw o testers are interchangeable. An in­
vestigatio n  u n dertaken  in these laboratories indicates 
th a t the P en sky-M a rten s tester can be used very  satis­
fa cto rily  for the testin g of low  flash-point oils though 
th e tem perature regulation  is n ot as nice as with the 
w ater-jacketed  A b el-P en sk y  tester. T h e same con­
clusion has been reached b y  other investigations.1 
E ach  tester is fitted  w ith gas or oil ignition  burners.

T h e present paper includes results of a brief investi­
gation  w ith th e tw o testers. A  degree of accuracy 
greater th an  0 .5 0 C . for oils flashing below ioo° C. 
and i . o °  C . for oils flashing above io o °  C . was not at­
tem pted  and a n y  fraction s of degrees reported in sub­
sequent tables are derived  as averages of several 
tests or from  therm om eter, barom eter or instrument 
corrections.

ST A N D A R D IZ A T IO N  O F IN S T R U M E N T S

T o  obtain  com parable results th e tw o  instruments 
were com pared w ith an A b el-P en sky  tester standard­
ized in 1908 b y  the P h ysikalisch e Technische Reichs- 
a n stalt, certificate N o. S. & R . 3 114 . Determinations 
of flash points of three different oils were made on the 
three instrum ents. R esults obtained  are the averages 
of five tests agreeing w ithin  0 .5 0 C . and are shown 
in T ab le  I.

1 D r. • H . Wiebe, "D ie  Obere B rauchbarkeitsgrenze des AbeI*Penskj* 
schen A pparates and seine Vergleichung m it dem  Penskyschen Flarom- 
punk tp ru fer, Petroleum, IS IS, B and V III ,  S. 1061.

A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 5, No. 11
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F. P. by F. P. by
F. P. by B. of M. B. of M.

Abel- modifi­ modifi­
Pensky cation cation
S. & R. Abel- Differ­ Pensky- Differ­

3114 Pensky ence M artens ence
4 7 .3 ° 4 8 .0 ° -f 0 .7 ° 4 9 .0° +  1 .7°
3 6 .3 ° 3 7 .0 ° +  0 .7 ° 3 7 .8° +  1 .5°
4 4 .5 ° 4 5 .5 ° +  1. 0 ° 4 6 .2 ° +  1.7°

0 . 8 ° 1. 6 °

T a b l e  I — C o m p a r is o n  o f  B u r e a u  o f  M in e s  T e s t e r s  w it h  A b e l - P e n s k y  
T e s t e r  S. & R. 3114 

Average of five tests each

Sam ple
X

No. 1086 ... 
No. 1087...

A v e rag e ..

In all results hereafter reported the above correc­
tions h ave been m ade. T h e large corrections ob­
tained  m ake it  advisable to  have all instrum ents 
intended for exact w ork com pared w ith some fixed 
standard.

U S E  OF GAS AND O IL  IG N IT IO N  FL A M E S

T h e use of gas or oil te st flam es is optional. C om ­
p arative tests m ade, using n atural gas, colza oil and 
lard oil as ignition  flames, ga v e  results w ith a m axi­
mum difference of 0 .3 0, which is well w ithin the 
error of m anipulation. A  petroleum  distillate , “ 300° 
burning ‘o il,”  on th e other hand, gave a flash approx­
im ately  0 .8 °  top high and th e use of such an oil as an 
ignition flam e is n ot recom m ended. T h e difference 
is p rob ab ly  accoun ted  for b y  th e fa ct th a t  the latter 
flame was quite d ifficult to  regulate, due to  its rapid 
flow through th e  w ick and th a t the com bustion was 
incom plete as indicated  b y  a brigh t lum inous flame, 
which in itself m ay h ave obscured the first flash. 
For ease of m anipulation  a gas flam e is m ost desira­
ble.

T a b l e  I I — C o m p a r is o n  o f  F l a s h  P o in t s  w it h  G a s  a n d  O i l  T e s t  F l a m e s

Sam ple
1087...............
Kerosine X .

L ard
Gas oil Colza
te s t test oil
flame flame flame

. 45 .5 45 .4 45 .2
. 4 8 .0 48.1 47 7

Instru m en t used 
B. of M . modification 

of Abel-Penskv

IN F L U E N C E  O F S T IR R E R

The heat is applied  to  th e oil from  the b otto m  and 
sides of th e  cup w ith the result th a t there are con­
vection currents set up w ithin th e oil w ith the general 
direction across th e b otto m  of th e cup, up the sides, 
across the top and dow n the center and past the th er­
mom eter bulb. C on seq u en tly , the oil as it  passes the

T a b l e  I I I— I n f l u e n c e  o f  S t ir r e r  

Average of th ree  te sts  each
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Kerosine X 46.2 45.7
1086.................... 37 .0 37. 1 35.6 35.1
1087............. 45 .4 45.5 45. 2 44.3 45.8
1092............. 115.1
1095............. 183.0
1096........... 195.6

recorded than  is a ctu a lly  the case. T his is clearly  
shown in T a b le  I I I .  F urther, th e greater th e rate 
of heatin g th e greater w ill be th e con vection  currents 
and consequently  th e greater will be the difference b e­
tw een the tem perature of the oil a t th e circum ference 
and th e tem perature a t th e center of th e cup. Also 
the higher the flash point th e greater will be th e tem ­
perature differences. T h e differences are alm ost en­
tire ly  rem oved  b y  the use of a stirrer and it  has been 
found easier also to  get concordan t results in a stirred  
cup th an  in one th a t  is w ith ou t a stirrer.

D ifferent in vestigators (B . of M . T ech . P aper N o. 
49, P - 1 2 ) h a ve found th a t a definite filling of the cup' 
has a v e ry  appreciable influence on the determ ination  
of the flash point. F illin g  th e cup above th e point 
raises the flash point. T h e reasons for this are quite 
apparent. T h e oil as it  is heated  expands, th e sur­
face of th e oil is b rought nearer th e test flam e and a 
low er flash point results. E xp an sion  of th e oil reduces 
the volum e of th e gas m ixture, an explosive m ixture is 
form ed at a low er tem perature and consequently  a  
low er flash point is recorded. A n explosive m ixtu re 
w ould be obtained a t a low er tem perature from  a 
fixed w eight of oil than  from  a fixed volum e and a low er 
flash point w ould result. T o  do aw ay  w ith  these 
sources of error the m odified testers have been fitted  
w ith  overflow  cups so th a t as th e oil is heated  the in ­
crease in vo lu m e is run off and both vo lu m e of oil 
and volum e of va p o r m ixture are k ep t constant. T h e 
above assum ptions are borne out in T a b le  IV .

T a b l e  IV — C o m p a r is o n  o f  F l a s h  P o in t  w it h  C o n s t a n t  W e i g h t  a n d

C o n s t a n t V o l u m e

Average of three  tests
F. P . B. of M. F . P. B. of M.

modified modified
Pensky-M artens Pensky - M artens

Sam ple constan t vol. constan t weight Difference
108.7 46 .2 45 .8 0 .4
1092 117.0 115.1 1.9
1095 184.7 183.0 1.7
1096 196.4 195.3 1.3

therm om eter is s ligh tly  cooler th an  th a t at the circum ­
ference of th e surface and a low er flash point w ill be

T h e suggestion  has been m ade th a t th e overflow  
oil in th e outer cup will be m uch hotter than  the te m ­
perature in dicated  b y  the therm om eter w ith in  the 
cup, th a t the vapors liberated  w ill pass b ack  into  the 
cup and give a flash below  th e  true flash of th e oil, 
bu t it is believed th a t such conditions do not exist. 
In th e first p lace th e cup is so constructed  th a t th e 
b otto m  is d irectly  exposed to  "the hot b ath  and if 
stirred the oil in the cup is a t a tem perature not a p ­
p reciab ly  low er than  th a t in th e overflow  cup. T h e 
volum e of the oil th a t overflow s is sm all com pared 
with th a t in th e cup; and th e q u a n tity  of vapors 
liberated  from  such a sm all volum e even  at a s lig h tly  
higher tem perature w ould have little  effect on th e 
flash point, p a rticu la rly  th a t fraction  of th e sm all 
volum e which m ight pass b ack  into th e cup. Also, 
it  is hard ly  to  be assum ed th a t th e vapors w ould pass 
b ack  into  th e cup rath er th an  escape around th e loose 
fittin g  ring of the overflow  cup. T h e view s above are 
borne out b y  the fa c t th a t in no case w as th e flash 
point of an o il determ ined in th e cup w ith  th e o ver­
flow low er than  th a t obtained  when th e overflow  o u t­
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le t was plugged. A s fu rth er proof, com parisons were 
m ade of the flash point of an oil obtained  in th e usual 
w ay  and of th e flash obtained  b y  placin g a q u a n tity  
of low  flash oil in  the overflow  cup. T h e results are 
shown in T able V.

T a b l e  V

Sam ple 
No. 1087 

w ith 5 cc. of 
N o. 1086 

Sam ple (F . P. -  37°)
No. in the

T est 1087 • overflow cup In s tru m en t used
No. I ...............................  4 5 .4  45 .4  B. of M . modified
No. 2 ...............................  45 .3  4 5 .4  Abel-Pensky
No. 3 ..........................  ' 4 5 .8  45 .4

A verage..........................  45 .5  45 .4

SUM M A RY

T h e im p ortan t factors to be considered in th e con­
stru ction  and m anipulation  of an instrum ent to  de­
term ine the flash point of an oil m ay be stated  as 
follow s:

(1) T h e conditions under which the test vapors 
are generated  should be as like as possible to th e con­
ditions found in practice.

(2) C orrection s should be m ade for variation s from  
th e norm al b arom etric pressure.

(3) T h e size and dim ensions of th e cup.
(4) T h e size, shape, depth of im m ersion and ex­

posed p art of the therm om eter should be definite and 
in  ev e ry  case th e therm om eter should be calibrated.

(5) T h e oil should n ever be exposed for an y length  
of tim e at tem peratures g rea tly  higher or low er than  
th e norm al tem perature.

(6) T h e rate  of heatin g on testin g  should be constan t 
and a t a rate of abou t i °  C . for lam p oils and 3 ° - s °
C . for high flash-point oils.

(7) T h e oil should be un iform ly stirred during the 
test.

(8) T h e test flam e should be of definite size, should 
be exposed at a fixed distance ab ove the surface of 
th e oil and exposed for a definite length of tim e.

(9) A ll w a ter should be rem oved from  th e oil prior 
to  testing.

(10) In  general testin g, so far as possible, the effect 
of th e personality  of th e operators should be elim inated 
and the m anipulation  of th e tester m ade en tirely  m e­
chanical and autom atic.

T h e  m ost accurate tester and th e tester th a t m ost 
n early  reproduces actu al w orking conditions should 
be adopted for official tests. Considering all of the 
ab ove factors, it  is believed th a t  these tw o  testers, 
the A b el-P en sky  and the P en sky-M arten s, as m odi­
fied b y  the B ureau of M ines, m ost n early  m eet w ith 
th e desired conditions.

T h e B ureau  of M ines flash testers have been offi­
cia lly  adopted b y  the N ational F ire P rotection  A ssocia­
tion, the Independent P etroleum  M arketers ’ A ssocia­
tion  of th e  U nited  States and are now being considered 
for adoption  b y  com m ittees on tests o f the N ational 
P etroleum  A ssociation , th e A m erican  C hem ical Society, 
the A m erican  Society  for T estin g  M ateria ls and the 
In tern atio n al Petroleum  Com m ission.

B u r e a u  ok  M i n e s  
P it t s b u r g h

T H E  T IT R A T IO N  O F C A L C IU M  A N D  M A G N E S IU M  IN  TH E 
S A M E  S O L U T IO N

By P a u l  J. F o x 1 

Received Septem ber 9, 1913

F ew  determ inations are more freq u e n tly  made in 
chem ical laboratories th an  those of calcium  and m ag­
nesium , and the w riter w as led into  the follow ing in­
v estigatio n  w ith  a v iew  to  lessening the labor required 
for these determ in ations: T h e titra tio n  of calcium
as oxalate w ith perm anganate is, of course, a well 
know n and stan dard  process, and th e titra tio n  of mag­
nesium  as m agnesium  am m onium  arsenate w ith  sodium 
th iosulfate in acid  solution after th e addition  of potas­
sium  iodide has been described b y  M eade2 and by
G. B . F ran kfo rter and L illian  C oh en .3

It  has occurred to  the w riter th a t it m ight be possible 
to  com bine these processes in one operation  b y  first 
precip itatin g  the calcium  as oxalate, and then  in the 
sam e solution and w ith o u t filtering, p recip itatin g the 
m agnesium  as m agnesium  am m onium  arsenate, filter­
ing off and w ashing th e com bined calcium  oxalate 
and am m onium  m agnesium  arsenate, dissolving in 
acid, titra tin g  th e calcium  oxalate w ith  potassium 
p erm angante and then th e m agnesium  ammonium 
arsenate w ith sodium  th iosu lfate  a fter th e addition 
of potassium  iodide. A s w ill be shown in the sequel, 
th is com bined m ethod is p e rfe ctly  feasib le, the two 
titra tio n s n ot interferin g w ith  each other.

T h e titra tio n  of calcium  as oxalate  calls for no re­
m ark excep t to  observe th a t th e ob jection  th a t the 
calcium  sulfate form ed p reven ts com plete decom posi­
tion  of th e calcium  oxalate is n ot, in th e w riter’s ex­
perience, valid . W ith  m oderate skill in m anipulation, 
it  is a lw ays possible to  ob tain  good results.

In the titra tio n  of th e arsenate, how ever, certain 
irregularities were encountered. For exam ple, follow­
ing ap p roxim ately  th e  directions in the paper of Frank­
forter and L illian  Cohen, when 10 cc. portions of a 
certain  solution of am m onium  arsenate were acidified, 
and m ade up to  100 cc. so th a t 100 cc. contained about 
15 cc. con cen trated  su lfuric acid , cooled, 5 grams 
potassium  iodide added, and titra te d  a fter standing 
S m inutes, 21.2 1, 21.52, and 20.78 cc. thiosulfate 
solution were required to  decolorize th e solution. 
A ll the portions were, of course, m easured out by the 
sam e p ip ette  and m easured over th e sam e portion of 
the b urette. T h e figures g iven  are selected  from  many 
and are represen tative of the m agnitude of the varia­
tions. T h e y  were m easured ou t and titra ted  at differ­
ent tim es, a series titra te d  a t the sam e tim e showing 
less variation . T h e end p o in t w as a lw ays certain 
and definite.

M an y experim ents were m ade to  find the cause 
and rem edy for the irregularities, b u t to  cite the figures 
in detail w ould scarcely  be profitable. T h e advan­
tages of the im provem en ts suggested  are more or less 
self ev id en t. T h e principal causes of irregularity 
— assum ing of course th a t  th e iodide used is free from 
iodate or other substance capable of settin g free iodine

1 Scientist in Soil Investigations, B ureau  of Soils, U. S. Dept, of Agri­
culture.

2 R. K . M eade, Jour. A m . Chem. Soc., 21, 146 (1899).
5 Jour. A m . Chem. Soc., 29, 1464 (1907).
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in acid solution— are (x) the slowness w ith which 
p en tavalen t arsenic sets free iodine in acid solution;
(2) in strong solutions, the escape of iodine before 
titration ; (3) esp ecially  th e effect of ligh t on setting 
free iodine from  h yd riod ic  acid ; and (4) the returning 
color a t th e end point.

T h e settin g free of iodine from  p en tavalen t arsenic 
m ay be represented b y  th e equation

AS2O5 *-}- 4H I =  AS2O3 “I- 2H2O -I- 2I2 

This reaction  proceeds from  left to  righ t rather slow ly. 
Fine sand w as tried  as a c a ta ly zer  b u t w ith  no appreci­
able acceleratin g effect. H eatin g to  abou t 400 ac­
celerated th e reaction, b u t the tem perature m ust be 
so closely m anaged to a void  a precipitation  of yellow  
arsenic trisulfide, th a t it  can not be recom m ended: 
too m any determ in ations are lost. R em ovin g the 
reaction p roducts on the righ t-h an d side of the eq u a­
tion n atu ra lly  suggested  itself. It  is not practicable 
to use sulfuric acid  of sufficient stren gth  to ta k e  up 
the w ater, b u t it  w as found d istin ctly  advantageous 
to add the th iosu lfate  im m ed iately  a fter the potassium  
iodide, to a ligh t straw  color, and then to allow  to  stand, 
for 5 to  6 m inutes, before t itra tin g  to  the end point. 
This procedure also operates to p reven t the escape 
of iodine before titra tio n .

The principal cause of irregu larity , how ever, was 
found to be light. Of course, titra tio n s were not made 
in sunlight, b u t even  the diffused d a yligh t of W ashing­
ton in sum m er is sufficient to  set free considerable 
iodine. T h a t the ligh t and n ot th e presence of iodates 
or other oxidizing bodies sets free the iodine was shown 
by dissolving five gram s of th e potassium  iodide used 
in recently  boiled acidified w ater, displacing the air 
in the flask b y  carbon dioxide, and allow ing to stand 
for some tim e in th e dark. N o color w as developed.

The returnin g color a t the end point appears 
to be caused b y  the incom plete settin g free of the 
iodine b y  th e arsenic and b y  light. T h e reaction 
I2 +  2N a2S203 =  2N aI +  NajS^Oc seems to  hdve no 
tendency, even  in the ligh t, to  go from  right to left.

It was foun d possible to elim inate the effects of 
light, or rath er to  elim inate the irregularities, b y  p la c­
ing the E rlen m eyer flask in w hich the titra tio n  was made 
in the dark during the tim e it  w as stan din g after havin g 
had the greater p a rt of th e  th iosulfate added, and 
preparatory to  com pletin g th e titra tio n . L ikew ise, 
after bringing to  an end point, the flask is allow ed to 
stand in the d ark  one m inute. If there is no return 
of color the end point has been reached. T he dark ­
ness was co n ven ien tly  provided  b y  rolling a hollow 
cylinder out of b la ck  paper and placing it  over the 
flask in which the titra tio n  had been made.

In spite of these precaution s, how ever, it is necessary 
to make a correction  for iodine set free otherwise 
than by arsenate. T h e correction has th e effect 
of making the va riatio n  m ore n early  uniform . T h e im ­
provement in resu lts b rou gh t abou t b y  these precautions 
is shown b y  th e follow ing experim ents: T en  cc. of
a solution of am m onium  arsenate w as d iluted  to 100 
cc. with w ater contain ing 15 cc. concen trated  sulfuric 
acid, and 5 gram s of potassium  iodide added. Sodium  
thiosulfate (about ten th  norm al) w as added to  a light

straw  color, and the flask allow ed to  stan d  in th e dark 
for a b ou t six m inutes. T h e rule w as observed to  allow  
eight m inutes to  elapse betw een the adding of the 
potassium  iodide and th e com pleting of th e titra tio n . 
T h en  th iosu lfate  w as slow ly  added to decolorization, 
and th e flask placed in the b la ck  paper cylin der for 
one m inute, and if a color returned, it  w as .discharged. 
C om m on ly  there w as no return of color, if the last 
drops of th iosu lfate  had been added slow ly. In three 
experim ents, 20.85 cc., 20.82 cc., and 20.80 cc. th io ­
su lfate solution were consum ed. In  general there w as 
no d ifficu lty  in gettin g  check results w ith in  one or 
tw o  drops of ten th  norm al th iosu lfate  oh titra tio n s 
of abou t 20 cc. In  th is case no correction  has been 
su b tracted  for ligh t, as the procedure w as m erely 
being tested.

T he m ost conven ien t m eans of finding th e correction  
for iodine set free b y  lig h t or b y  other m eans th an  
p en tavalen t arsenic is b y  titra tin g  w ith  th iosulfate, 
as described above, tw o portions of am m onium  arsenate 
solution (of w hich the exa ct concen tration  need not 
be know n) one, say, of 10 cc., and the other of double 
the am ount or 20 cc. I f  th e 10 cc. arsenate required 
x  cc. th iosulfate solution and the 20 cc. required 
y th iosu lfate  solution, then th e correction  is (2* —  y) 
cc. I t  m ay be 0.2 to 1.0 cc. Of course th e correction  
m ay be foun d b y  titra tin g  m agnesium  am m onium  
arsenate, b u t it  is longer and n ot necessary. It  is 
not possible to  find the correction b y  m aking a blan k 
in the ord in ary  m anner, a correction  found b y  such 
means com ing out too low. T h e follow ing figures 
show th e results of the corrected  m ethod of titra tio n  
of 10 and 20 cc. portions of an am m onium  arsenate 
solution: (T he arsenate solution is not the one pre­
viou sly  referred to.)

A r s e n a t e  T h io s u l f a t e  M e a n

Cc. Cc. Cc.

From  which th e correction proves to be 2 X  20.94 —  
40.92 = 0.96 cc. T h is correction is un usually  large. 
In general, it  will am ount to  from  0.3 to  0.7 cc.

A  solution of calcium  chloride free from  m agnesium  
and iron w as prepared b y  boiling a solution of calcium  
chloride w ith calcium  oxide and acid ify in g  the filtrate 
b arely  to  acid reaction w ith hydrochloric acid. A  
solution of m agnesium  chloride free from  iron and cal­
cium  w as prepared b y  boiling m agnesium  chloride 
solution w ith  m agnesium  oxide, filtering, evap oratin g  
the filtrate w ith a little  am m onium  oxalate, ta k in g  up 
w ith w ater and a little  am m onia, fi tering and sligh tly  
acid ify in g  the filtrate. Portions of these were taken  
for analysis. In the case of th e calcium  chloride 
solution it  w as found gravim etrically , each experim ent 
being in trip licate  w ith unusual care, th a t  25 cc. yielded  
0.1283 gram  C aO , 50 cc. 0.2575 gram , 100 cc. 0.5158 
gram  C aO . T h u s if we determ ine the C aO  y ield  d i­
rectly  on 25 cc. C a C l2 solution, we find th a t it  am ounts 
to  o. 1283 gram . B u t if we ta k e  the difference, 50 cc. —  
25 cc. =  0.2575 —  0.1283 gram  =  0.1292 gram  C aO . 
So also */j (100 —  25) cc. and V2 (100 —  50) both
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equal 0.1292 gram  after rounding off the ten th  m illi­
gram s. T h u s 25 cc. of th e C aC U  solution is eq u ivalen t 
to  0.1292 gram  C aO , or 10 cc. =  0.05167 C aO . In all 
the experim ents th e conditions of b u lk  of solution, 
tem perature, and wash w ater were k ep t ex a ctly  alike, 
and the 0.9 mg. difference is ev id en tly  ow ing to  the 
so lu b ility  of the calcium  oxalate under the conditions 
of th e experim ent. T his source of error is also m en­
tion ed  b y  H illeb ran d .1 S tr ic tly  speaking, it  is an 
absolute error which should be applied to  each de­
term in ation , b u t it w ill n ot be n ecessary to  -apply it 
if  the perm anganate is stan dardized  b y  w eighing 
ou t pure Iceland spar, esp ecially  if th e b u lk  of per­
m angan ate used in stan dardization  does not differ 
v e ry  grea tly  from  th a t consum ed in the analysis. 
In  the case of the m agnesium  chloride solution, no 
such so lu b ility  error w as found. B y  precipitation  
w ith  am m onium  phosphate, each determ ination  being 
in duplicate:

10 cc. =  0.0391 M gO  
20 cc. = 0.0780 M gO  
30 cc. =  0 .1173 M gO

A verage for 10 cc. =  0.03907 M gO  

N o volu m etric m ethod for m agnesium , so far as the 
author know s, can hope to  y ield  so exa ct results. It 
m ust be rem em bered, how ever, th a t in the present 
case, the m agnesium  am m onium  ph osphate was p re­
cip itated  under ideal conditions, there being present 
no other salts, and on ly  sligh tly  more th an  th e cal­
cu lated  am ount of am m onium  phosphate n ecessary 
to  p recip itate the m agnesium . Under w orkin g con­
ditions th is determ ination  is well know n to  be su b ject 
to  a serious plus error.2 U nder w orking conditions, 
p ro b ab ly  the vo lu m etric  m ethod w ill g ive  as good 
results as th e gravim etric  unless special precautions 
and care are taken  w ith the latter.

For the vo lu m etric  solutions th e m ean of all t itr a ­
tions showed each cc. of perm anganate = 0.002816 CaO . 
F or the th iosu lfate  each cc. =  0.002074 M gO .

M ETH O D  F O R  C O M B IN E D  D E T E R M IN A T IO N

T h e com bined determ in ation  is m ade in the follow ing 
m anner: P recip itate  the iron and alum ina w ith am ­
m onia or basic a cetate  in the usual m anner.3 There 
m ust a lw ays be sufficient am m onium  salts present 
to  preven t a p recip itation  of m agnesia when the solu­
tion  is m ade slightly alkaline. In the filtrate, precip itate 
the calcium  hot w ith  excess of oxalic acid4 and d ilute 
am m onia added slow ly, to  slight alkaline reaction, a drop 
of m ethyl orange h avin g been added to  the solution. 
T h en  add sufficient am m onium  arsenate to  precip itate 
th e  m agnesia, and slow ly  add am m onia w ith con stan t 
stirrin g to  th e hot solution un til the m agnesium  am-

> Bull. 422, U . S. G. S., page 119.
* liillcb rand , loc. cit., p. 128.
3 From  a  qualita tive  experim ent, i t  appears to  be practicable to  pre­

c ip ita te  the  calcium, add ta rta ric  acid, m ake alkaline, and  p rec ip ita te  the 
m agnesia w ith  arsenate, the iron and  alum ina rem aining in solution in the  
well-known com bination w ith  alkaline ta rtra te . Some o ther hydroxy- 
organic solvents for iron oxide were tried, c. g., sucrose and  m annite , b u t 
did no t work so well. N o q u an tita tiv e  experim ents were m ade in this 
direction. T h is plan would be convenient where iron and  a lum ina are not 
w anted, or are determ ined on separate  portions of the m aterial.

4 T he  precip itation  of calcium in acid solution yields larger crystals, 
as m any  authors have m entioned, and  free from m aterial contam ination  
by  occluded magnesia.

m onium  arsenate com es down, or if so m uch calcium 
oxalate is present th a t th is cannot be observed, add 
about 10 cc. strong am m onia w ater. L e t cool and 
add to  to  15 cc. more stron g am m onia. A dd  the 
am m onium  arsenate to  the hot solution w ith in  a few 
m inutes a fter the solution has been m ade slightly 
alkaline in the precip itation  of calcium  oxalate, as 
m agnesium  oxalate soon begins to com e dow n, which 
is, of course, one of the sources of error in the standard 
gravim etric  procedure. A fte r  the arsenate has been 
added, it  is im m aterial how long the determ ination 
stands before filtering. L et stan d over n ig h t,1 filter 
and wash thoroughly  w ith dilute am m onia water. 
T h e p recip itate is then tran sferred  to a 300 to  500 cc. 
E rlen m eyer flask. If a paper filter has been used, 
th e q u a n tita tiv e  tran sfer is m ost con ven ien tly  made 
b y  spreading the paper out on th e inner surface of 
a 4-inch funnel, of which the stem  has been bent to 
rest against the inner w all of- th e flask into  which it 
has been inserted. T h e p recip itate  is rinsed off 
w ith hot w ater, then w ith  dilute acid.2 A d d  10 cc. 
sulfuric acid  (1 acid  to  1 w ater), m ake up to . about 
75 to  80 cc. and titra te  hot w ith  perm anganate solu­
tion. L et cool and add 25 cc. more of th e acid. It 
is well n ot to  h ave the b ulk  of th e solution  m uch over 
125 cc. when abou t to  titra te  the m agnesia; still, if 
m uch lim e is present, the 75-80 cc. m entioned above 
m ay not be sufficient, in w hich case, a larger bulk 
and more acid  can be used. T hese proportions of 
acid  are n ecessary in order to g ive a satisfa cto ry  end 
point. A d d  5 gram s of potassium  iodide3 and im m edi­
a te ly  titra te  to  a straw  color w ith  sodium  thiosulfate.- 
Stopper the flask, and cover w ith b lack  paper, or set 
in th e d ark  for abou t 5 m inutes. E ig h t m inutes should 
elapse betw een th e p u ttin g  in of the iodide and the 
last p a rt of the titra tio n . C om plete the titra tio n  drop 
b y  drop. R ead  the end poin t and place in the dark 
for one m inute. If there is a return of color, discharge 
it. U su ally  there will be none if the last drops of thio­
sulfate h ave been added slow ly. T h e w riter strongly 
concurs in w h at F ran kfo rter and L illian  Cohen4 say 
abou t th e  use of starch , n am ely, th a t it is very  much 
b etter to do w ith ou t it. T h e w riter tried  four samples 
of starch , and w as unable to  ob tain  a n y  satisfactory 
end point a t all. M eth ylen e blue is also useless as 
an indicator in the stron g acid  solution. There is 
no indefiniteness in th e end point when sim ply the 
fad in g out of the brow n color of iodine is depended on.

T h e am ount of acid  prescribed w ill be foun d sufficient 
when am ounts up to  40 to 50 cc. ten th  norm al thio­
su lfate solution are required. I f  m ore m agnesia is 
present, m ore acid  m ust be added, w hich can even 
be done during the titra tio n  if done carefu lly . It is 
m uch b etter, how ever, to  use a stronger solution of

1 One determ ination  gave good results a fte r being shaken  tw enty min 
utes a fte r cooling, and  im m ediately filtered.

5 If  too  strong  acid is used, th e  filter paper is acted  on, giving pre­
sum ably  a  cellulose hydrolysis product, which produces a  color w ith iodine. 
If  50 cc. strong  sulfuric acid (sp. gr. 1.84) are mixed w ith 500 c^. water, and 
the  m ixture applied a t  w ater b a th  tem pera tu re , all th e  p recip itate will be 
p rom ptly  dissolved and  the  filter paper not a ttacked .

3 If  m uch m agnesia is p resent, i t  is well to  add  th e  potassium  iodide 
slowly, as otherw ise a  precip ita te  som etim es falls ou t which does not readily 
redissolve. I ts  com position was no t studied.

4 Loc. cit.
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thiosulfate, say  fifth  norm al. One cubic centim eter 
tenth norm al th iosu lfate  solution equals th eoretically  
only 0.002016 m agnesia (M g O ), so th a t a fifth norm al 
solution w ould not be un du ly  strong. A p p ly  a correc­
tion for iodine set free b y  the light, etc., b y  titra tin g  
as described above 10 cc. and 20 cc. of a solution of 
ammonium arsenate (of which the exact concen tra­
tion need n ot be know n— abou t 20 gram s to  liter is 
convenient). If  10 cc. required x  cc. th iosulfate and 
20 cc. required y cc., then the correction is (2* —  y) cc.

It is v e ry  im p ortan t, as the experim ents cited show, 
toj_standardize th e vo lu m etric solutions b y  w eighing 
out and titra tin g  some suitable com pound for the per­
m anganate, pure Iceland sp a r,1 and for the arsenate, 
specially prepared m agnesium  oxide, or some sam ples 
of m agnesium  ribbon. V ery  considerable errors w ill be 
made b y  assum ing the theoretical values for the solutions.

The follow ing results were obtained:

CaO CaO MgO Thio- MgO E rro r in
taken Prm gt. found taken sulfate found MgO
G ram s Cc. Gram s Gram s Cc. Gram s M g.

1. . . . . .  0.0517 18.70 0.0527 0.0391 18.32 0.0380 — 1.1
2 . . . . . .  0.0517 18.40 0.0518 0.0781 37.31 0.0774 — 0 .7
3 . . . . . .  0.0517 18.38 0.0518 0.1172 56.63 0.1174 + 0 .2
4 . . . . . .  0.1292 45.97 0.1295 0.0391 18.49 0.0383 —0 .8
5 . . . . . .  0.1292 45.94 0.1294 0.0781 37.38 0.0775 — 0 . 6
6 . . . . . .  0.1292 45.86 0.1291 0.1172 56.17 0.1165 —0 .7
7 . . . . . .  0.1292 45 .90 0.1292 0.0977 47.36 0.0982 + 0 .5
8 . . . . . .  0.1292 45.92 0.1293 0.0977 46.48 0.0964 — 1.3
9 . . . . . .  0.1292 45.64 0..1285 0.0977 46.42 0.0962 — 1.5

10. . . . . .  0.1292 45.72 0.1287 0.0977 48.00 0.0995 +  1.8
11. . . . . .  0.1292 45.67 0.1286 0.0977 47.93 0.0994 +  1.7
12 . .  0.0517 18.42 0.0519 0.1953 95.36 0.1977 +  2 .4

1.2404 440.52 1.2405 1.1526 555.85 1.1525 — 6 .7
+ 6.6

The results of th e titra tio n  of calcium  call for no 
special rem ark. W ith  regard  to the m agnesium , 
it may be stated  at once th a t th e w riter w as unable 
to obtain th e v e ry  exact results reported b y M eade. 
Meade, how ever, w orked under ideal conditions as 
to the com position of his solutions, while the results 
here set forth  were obtained  under the conditions ex­
isting in a ctu al analysis. T h e w riter’s results are, 
however, com parable w ith  those of F ran kfo rter and 
Lillian Cohen. In  cases of th is kind  we do b etter to 
consider the absolute rath er th an  the re lative  error. T he 
results of th e la tte r  are reported in parts per million 
of Mg, h avin g been obtained from  w ater analyses 
in which 500 cc. w ater were used. T h u s the results 
must have been m ultiplied  b y  tw o. In th e w riter’s 
results, as p rev iou sly  m entioned, th e standard for the 
volumetric solutions is ta k en  from  th e m ean of all 
titrations, while th e vo lu m etric  results of F ran kforter 
and Lillian C ohen are in th e m ean 3.3 per cent higher 
than their gravim etric  results. If we m ake the 
results of F ran kfo rter and L illian  C ohen com parable 
with those of the w riter b y  d ivid in g b y  tw o, converting 
Mg into M gO  and adding 3.3 per cent to  each g ra v i­
metric result, we find th a t th e average error am ounts 
to 1.7 mg. M gO  in 84.1 m g. M gO , and th a t the m axi­
mum error am ounts to 6.5 m g. M gO  in 131 m g. M gO . 

. In the w riter’s results th e average error am ounts to 
r-i mg. M gO  in 96.0 m g. M gO , and the m axim um  
•error to 2.4 m g. M gO  in 195.3 m g- M gO . It  will

1 Hillebrand, loc. cit.

be noticed th a t th e w riter ’s results would be im proved 
b y  stan dardizin g at tw o  different concentrations. 
T h e irregularities seem to be due to a lack  of absolute 
un ifo rm ity  in the com position of the m agnesium  
am m onium  arsenate.

There seems to be no lim it in reason to  the am ount 
of m agnesium  which m ay be titra ted , if th e concen­
tration  of th e acid is k ep t sufficient, b u t the strength  
of the th iosu lfate  solution should be so ad justed  
— and the principle is, of course, va lid  in all vo lu m etric 
w ork— th a t not more than  30 to  50 cc. are used in 
a titratio n . If it  is not so ad justed , the addition  of 
the considerable volum e of th iosu lfate  solution used 
in the titra tio n  so reduces th e acid  concen tration  th a t 
a good end point can not be obtained.

T h e perm anganate w as stan dardized  w ith Soren­
sen’s sodium  oxalate as supplied b y  the B ureau  of 
Standards and was foun d to be 0.0996 norm al, which 
would am ount to  0.002794 C aO  per cc. For the 
440.52 cc. of perm anganate used in all the titration s, 
we should have 1.2309 gram s C aO , instead of 1.2404, 
which would correspond to  a loss b y  so lu b ility  of 0.79 
mg. per determ ination. T h e conditions of each ex­
perim ent were k ep t uniform . T h e th iosu lfate  solu­
tion  was stan dardized  b y  tw ice sublim ed iodine and 
b y  perm anganate, both  according to  th e directions in 
T readw ell and H a ll.1 I t  w as found to be 0.1011 nor­
m al, corresponding to  0.002038 M gO  per cc. or a to ta l 
of 1.1328 gram s M gO  instead of 1.1526. T h is would 
correspond to  an average loss of 1.65 m g. M gO  per 
determ ination. W hether th is loss is caused b y  solu­
b ility  or b y  the m agnesium  am m onium  arsenate as 
precip itated  not corresponding to  its form ula on the 
average, th e w riter does n ot know . These figures 
are given  to  em phasize the n ecessity  of stan dardizin g 
th e vo lu m etric solutions w ith  th e sam e substances 
and under the sam e conditions as are used in practice.

T h is m ethod of determ ining calcium  and m agnesium  
is ob viou sly  not ad ap ted  to use in m aking complete 
rock analysis, nor is a n y  vo lu m etric  m ethod.2

Outside of techn ical uses, there are m any cases in 
soil and rock w ork where on ly  p artia l analyses are 
desired. F or exam ple, in a v e ry  in terestin g article 
b y  E . S. B astin ,3 it  is shown how chem ical com position 
serves as a criterion for id en tify in g ' m etam orphosed 
sedim ents. S u b stan tia lly  the on ly  elem ents considered 
are iron and alum ina, and the ratios M g O /C a O  and 
K 20 / N a 20 . I t  is believed  th a t th e present m ethod 
w ould be useful in th is sort of w ork, esp ecially  where 
it is desired to  m ake a large num ber of 'determ inations. 
It  is also to  be noted th a t sodium  and potassium  m ay 
be determ ined in th e filtrate  from  th e precip itation  
of calcium  and m agnesium , th e arsenic being vo latilized  
b y  m eans of hydrobrom ic acid  as shown b y  B row ning 
and D rushel.4

B u r e a u  o p  S o il s

U . S . D e p a r t m e n t  o p  A g r i c u l t u r e  
W a s h in g t o n

1 Page 602ÎÏ, Vol. I I .  T he  standard ization  by  perm anganate  agrees 
well w ith th a t  by  iodine, and is much, m ore convenient, even if the  per­
m anganate  itself has to  be standardized  w ith sodium  oxalate.

* H illebrand, loc. cit., p. 121.
* Journal o f Geology, 17, 445 (1909).
4 A m . J .  Sci., 23, 293 (1907). •
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C O M P A R ISO N  OF T H E  K JE L D A H L -G U N N IN G -A R N O L D  p le t e  o x id a t io n .  T h e  r e a g e n t s  h a v e  b e e n  ch e c k e d
M E T H O D  W IT H  T H E  OFFICIAL K JE L D A H L  A N D  b y  b la n k s  b y  a ll  m e t h o d s .  C o lu m n  2 g i v e s  t h e  n u m -

OFFICIAL G U N N IN G  M E T H O D S  OF b e r  o f  d e t e r m in a t io n s  w h ic h  w e r e  m a d e  o n  a  ty p ic a l
D E T E R M IN IN G  N IT R O G E N  s a m p le  o f  e a c h  o f  t h e  s u b s t a n c e s  in d ic a t e d  in  c o lu m n  1 .

B y  T .  C . T r e s c o t 1
Received September 3, 1913 I t  w i l l  b e  n o t e d  t h a t  t h e  r e s u l t s  b y  t h e  K je ld a h l-

I t  h a s  b e e n  b r o u g h t  t o  t h e  a t t e n t i o n  o f  t h e  N i t r o g e n  G u n n in g - A r n o ld  m e t h o d  c a r r ie d  o u t  w i t h  a  o n e  and
L a b o r a t o r y  o f  t h e  B u r e a u  o f  C h e m is t r y  t h a t  t h e  m o d i-  o n e - h a l f - h o u r  p e r io d  o f  d ig e s t io n  a r e  h ig h e r  t h a n  th o se
f ie d  m e t h o d  fo r  d e t e r m in in g  n i t r o g e n ,  k n o w n  a s  t h e  b y  t h e  G u n n in g  m e t h o d  fo r  t h r e e  o r  fo u r  h o u r s , ex-
K j e ld a h l - G u n n in g - A r n o ld  m e t h o d ,2 c a n  b e  c a r r ie d  c e p t in g  in  t h e  c a s e s  o f  c h e e s e  a n d  f lo u r , in  w h ic h  th e y
o u t  in  a  s h o r t e r  t i m e  t h a n  t h e  G u n n in g  m e t h o d  o r  t h e  a r e  p r a c t i c a l ly  t h e  s a m e .  C o m p a r e d  w it h  t h e  resu lts
K j e ld a h l  m e t h o d  a n d  w i t h  a s  a c c u r a t e  r e s u l t s  a s- o f  t h e  K j e ld a h l  m e t h o d  w it h  t h r e e  o r  fo u r  h o u r s  di-
e i t h e r  o f  t h e m .  T h is  m e t h o d  is  i d e n t i c a l  w it h  t h e  g e s t io n  t h e y  a r c  p r a c t i c a l ly  t h e  s a m e ,  e x c e p t in g  in
o f f ic ia l  K j e ld a h l  m e t h o d 3 e x c e p t  t h a t  1 0  g r a m s  o f  t h e  c a s e s  o f  l e a t h e r ,  le a t h e r  w a s t e ,  l in s e e d  m e a l ,  and

D e t e r m i n a t i o n  o f  N it r o g e n  b y  G u n n in g , K j e l d a h l , a n d  K je l d a h l - G u n n in g -A r n o l d  M e t h o d s

G u n n in g  m e th o d  K je ld a h l  m e th o d  K je ld a h l - G u n n in g - A r n o ld  m e th o d

N o . o f  N o .  o f  N o .  o f  N o .  o f
a n a ly -  a n a ly -  a n a ly -  a t i a ly -

S u b s t a n c e  s e s  M a x .  M in .  A v . s e s  M a x .  M in .  A v .  se s  M a x .  M in .  A v . s e s  M a x .  M in .  A v.

4  h o u r s .  4  h o u r s .  I 1/«  h o u r s .  4  h o u r s .

H a i r  w a s t e ...............................  10 9 .0 9  8 .9 3  9 .0 1  6  9 . 0 9  8 .9 8  9 . 0 4  9  9 . 0 9  8 . 9 8  9 .0 3  10 9 . 0 9  8 .8 7  8 .9 8
D r ie d  b lo o d ............................. 10 8 .9 3  8 . 7 0  8 . 8 0  10 8 .9 3  8 .8 1  8 .8 8  10 8 .9 8  8 .8 1  8 . 9 0  10 8 . 9 3  8 .8 1  8 .8 9
B o n e  m e a l ................................  9  3 . 2 6  3 .1 4  3 .1 7  10 3 . 2 6  3 . 1 4  3 . 2 0  9  3 . 2 6  3 . 1 4  3 . 1 9  8  3 . 2 6  3 .1 4  3 .2 1
L e a t h e r ....................................... 9  6 .1 8  6 .0 1  6 .0 7  10 6 .2 3  6 . 0 6  6 .1 2  9  6 . 2 6  6 .1 2  6 . 1 8  9  6 .2 3  6 .0 6  6 .1 6
L e a th e r  w a s t e ........................ 10 7 .6 9  7 .6 4  7 .6 7  8  7 .8 0  7 .6 9  7 .7 4  9  7 .8 0  7 .7 5  7 .7 9  9  7 . 8 0  7 .7 5  7 .7 7
C o t to n s e e d  m e a l .................. 9  6 .7 9  6 .6 8  6 .7 4  9  6 . 9 6  6 . 7 9  6 . 8 8  9  6 . 9 6  6 .8 5  6 . 8 8  10 6 . 9 6  6 .8 5  6 .91
L in s e e d  m e a l ..........................  10 4 .9 7  4 . 8 6  4 . 9 4  8  5 . 0 8  5 . 0 0  5 .0 3  10 5 . 1 4  5 .0 1  5 . 0 8  10 5 . 1 4  5 .0 2  5 .0 7
G e l a t i n ........................................ 8  1 5 .9 0  1 5 .7 8  1 5 .8 7  8  1 6 .1 1  1 5 .7 2  1 5 .9 8  8  1 6 .1 7  1 6 .0 6  1 6 .0 8  8  1 6 .1 7  1 6 .0 6  1 6 .1 0

2  V s h o u r s .
C y a n a m id e ..............................  9  1 3 .6 4  1 3 .4 7  1 3 .5 6  7 1 3 .5 9  1 3 .5 3  1 3 .5 7  3  1 3 .5 9  1 3 .5 9  1 3 .5 9  7 1 3 .6 4  1 3 .5 9  13.61

2  h o u r s .  3  h o u r s .
Beef extractM ................  3 9.14 9.10 . . .  3 9.22 9.11 . . .  3 9.27 9.18 . . .  3 9.27 9.18
Desiccated m eatW   3 12.74 12.74 12.74 2 12.86 12.86 12.86 3 12.91 12.86 12.89 3 12.91 12.86 12.89

3  h o u r s .  3  h o u r s .  1 */* h o u r s .
F l o u r ............................................  8 1 .8 0  1 .7 4  1 .7 6  9  1 .8 0  1 .7 4  1 .7 6  9  1 .7 7  1 .7 4  1 .7 6  9  1 .8 0  1 .7 4  1 .77
B r e a d ..........................................   2 1 .9 9  1 .9 6  1 .9 8  2  2 . 0 8  2 .0 5  2 .0 7
G lu te n  b r e a d .......................... 2  1 0 .4 4  1 0 .3 6  1 0 .4 0  2  1 0 .5 8  1 0 .5 8  1 0 .5 8
M a c a r o n i ..................................  2 2 .2 5  2 .2 5  2 .2 5  2  2 .2 7  2 . 2 5  2 .2 6
G r o u n d  r y e  h a y ...................  2  2 .4 7  2 .4 7  2 .4 7  2  2 .5 8  2 .5 3  2 .5 5
S h o r t s .......................................... 2 2 .5 0  2 .4 7  2 .4 9  2  2 .5 3  2 .5 0  2 .5 2
B r a n . . . , ...................................  3  2 .7 8  2 .7 5  2 .7 7  3  2 .8 1  2 .7 5  2 .7 9

2 2 .8 4  2 .8 4  2 .8 4  2  2 .9 2  2 . 8 9  2 .9 1
M o la s s e s  f e e d ......................... 2 1 .8 8  1 .8 5  1 .8 7  2  1 .9 4  1 .9 4  1 .9 4

3 1 .7 1  1 .6 0  1 .6 6  3  1 .7 7  1 .7 4  1 .7 5
M i l k .............................................. 2  0 .5 2 8  0 .5 2 8  0 .5 2 8  2  0 .5 5 0  0 .5 4 7  0 .5 4 9
C o n d e n s e d  m i l k ...................  2 1 .3 0  1 .3 0  1 .3 0  3  1 .3 3  1 .2 9  1 .3 1

3 1 .1 9  1 .1 7  1 .1 8  3  1 .2 5  1 .2 2  1 .2 3
3 1 .1 9  1 .1 7  1 .1 8  3  1 .2 4  1 .1 9  1 .2 2

E v a p o r a t e d  m i l k .................  3  1 .1 0  1 .0 8  1 .0 9  3  1 .1 0  1 .0 9  1 .1 0
3  1 .1 8  1 .1 7  1 .1 8  3  1 .1 7  1 .1 4  - 1 .1 5
3  1 .0 6  1 .0 5  1 .0 6  2  1 .0 8  1 .0 7  1 .0 8
3 1 .0 7  1 .0 7  1 .0 7  3  1 .0 8  1 .0 8  1 .0 8

4  h o u r s .
C h e e s e ......................................... 3 3 . 9 0  3 .8 7  3 .8 9  3  3 . 9 3  3 . 8 3  3 .8 7

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

( ff) T h e  m a x im u m  a n d  m in im u m  o f 3 a n a ly s e s  f o r  A*/z h o u r s  b y  t h e  K je ld a h l - G u n n in g - A r n o ld  m e th o d  w e re  9 .2 7  a n d  9 .1 8 , r e s p e c t iv e ly .
(&) T w o  a n a ly s e s  fo r  4 1/»  h o u r s  b y  t h e  K je ld a h l - G u n n in g - A r n o ld  m e th o d  g a v e  12.91 a n d  1 2 .8 6 , a v e r a g e  12 .8 9 .

c r y s t a l l i z e d  p o t a s s iu m  s u l f a t e  a r e  a d d e d  a s  in  t h e  g e la t in ,  in  w h ic h  t h e y  a r e  s l i g h t l y  h ig h e r . '  I n  th e  case
G u n n in g  m e t h o d ,  a n d  p o t a s s iu m  p e r m a n g a n a t e  i s  o f  c y a n a m id e  t h e  o n e  a n d  o n e - h a l f - h o u r  d ig e s t io n  b y
o m i t t e d .  I n v e s t ig a t i o n s  w e r e  c a r r ie d  o u t  o n  a  v a r i e t y  t h e  K j e ld a h l - G u n n in g - A r n o ld  m e t h o d  g a v e  r e s u lts  (no t
o f  s u b s t a n c e s  in  o r d e r  t o  c o m p a r e  m o r e  f u l ly  t h i s  g iv e n  in  t h e  t a b le )  w h ic h  i n d i c a t e d  in c o m p le t e  ox id a-
m o d i f ic a t io n  w it h  t h e  s t a n d a r d  G u n n in g  a n d  K j e ld a h l  t i o n  a n d  i t  w a s  f o u n d  n e c e s s a r y  t o  h e a t  t h i s  su b s ta n c e
m e t h o d s .  f o r  t w o  a n d  o n e - h a l f  h o u r s .  W it h  t h i s  lo n g e r  period

T h e  f o l lo w in g  t a b le  g iv e s  t h e  m a x im u m , m in im u m , o f  o x id a t io n  t h e  r e s u l t s  o f  t h e  m o d if ie d  m e th o d  w ere  th e

a n d  a v e r a g e  p e r c e n t a g e s  o f  n i t r o g e n  f o u n d  in  v a r io u s  s a m e  a s  t h o s e  o f  t h e  K j e ld a h l  a n d  G u n n in g  m eth o d s .

s u b s t a n c e s  b y  m e a n s  o f  t h e  d if f e r e n t  m e t h o d s ,  e m p lo y -  T h e  r a l  c o n c lu s io n  f r o m  t h e s e  r e s u l t s  is  tha t

m g  t h e  p e r io d s  o  d ig e s t io n  w h ic h  t h e  e x p e r ie n c e  o f  t h e  K j e ld a h l - G u n n in g - A r n o ld  m e t h o d  w it h  o n e  and
t h i s  la b o r a t o r y  in d ic a t e s  a r e  n e c e s s a r y  t o  s e c u r e  c o m -  o n e . h a l f  h o u r s , o x id a t io n ;  e x c e p t  in  t h e  c a s e  o f  cyan-

1 C h ie f ,  N i t r o g e n  L a b o r a t o r y ,  B u r e a u  o f  C h e m is t r y .  . j  , • , , .  t ,  i f  , r c  <rive&
* U .S . Dept. Agr„ Bureau of Chemistry. C i«. 108, p. 15(1912). a m id e > w h lC h  r e q u ir e s  tWO a n d  O n e -h a lf  h o u r s , g ive
» u . s . Dept. Agr., Bureau of chemistry. B ull. 107, Rev., p. 5. m o r e  c o n c o r d a n t  a n d  r e l ia b le  e s t im a t io n s  o f  n itro g en
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than do th e official G unning or official K je id a h l m eth­
ods, both of w hich require from  three to  four hours 
for oxidation, depending upon th e m aterial.

B u r e a u  o f  C h e m is t r y  
U. S. D e p a r t m e n t  o f  A g r i c u l t u r e  

W a s h in g t o n|  _________

! o r t h o - t o l i d i n e  a s  a  r e a g e n t  f o r  t h e  c o l o r i m ­
e t r i c  E S T IM A T IO N  OF SM A LL Q U A N T IT IE S  

OF F R E E  C H LO R IN E

By J . W . E llms and S. J . H auskr 
R eceived A ugust 25, 1913

W ith the increasing use of v e ry  sm all quantities 
of chlorine, eith er free or in th e form  of hypochlorites 
for the disinfection  of w ater for drinking purposes, 
a colorim etric m ethod for th e detection  and estim ation 
of small am ounts of free chlorine is desirable.

ST A R C H -IO D ID E  M ETH O D

The vo lu m etric m ethod in w hich iodine is liberated 
from potassium  iodide b y  the chlorine, and the iodine 
titrated w ith  sodium  th iosulfate, using starch  as an 
indicator, offers som e difficulties when v e ry  sm all 
quantities of chlorine are to be determ ined. B oth 
the sodium  th iosulfate and the potassium  iodide solu­
tions deteriorate on standing. F requ en t stan dardiza­
tion of the sodium  th iosu lfate  is a lw a ys necessary if 
accurate estim ations are to  be m ade. Free iodine is 
liberated from  solutions of potassium  iodide on stand- 

j mg, and errors from  th is source m ust be con stan tly

I
 guarded again st in estim atin g sm all quan tities of free

chlorine. Starch as an in d icator in this m ethod is 
open to an ob jection  on th e score of not being sensi­
tive, unless freshly prepared solutions are used. The 
indefiniteness of the color end point, due to  the libera­
tion of free iodine from  th e  potassium  iodide, and the 
consequent deepening of the color are defects which 
make the detection  of sm all am ounts of free chlorine 
uncertain. U nder the m ost favo rab le  conditions the 
starch-iodide m ethod is cap able of detecting quantities 
of free chlorine n ot low er th an  0.03 part per million. 
This m ethod, therefore, for the foregoing reasons 
lacks reliab ility  for use in determ ining the residual 
free chlorine which m ay be le ft in the treated  w ater.

A C ETIC  ACID S O L U T IO N  O F O R T IIO -T O L ID IN E

The ortho-tolidine te st for free chlorine, as sug­
gested b y  E arl B . Phelps, in which an acetic acid  solu­
tion of this reagen t is used, furnishes a delicate quali­
tative test, b u t is open to  certain  objections for q u an ti­
tative purposes on a ccou n t of variation s in color pro­
duced b y  w aters of different com position.1 A ccording 
to this m ethod a one-tenth per cent solution of o- 
tolidine in 10 per cen t acetic  acid is em ployed. W ith 
two drops of this reagen t in 50 cc. of the w ater con­
taining about 0.05 p a rt per m illion of free chlorine 
a yellow color is supposed to  be developed. D ittoe 
and Van B uskirk  found th a t  instead of a yellow  color 
developing w ith  v e ry  sm all q u an tities of chlorine, a 
green color w as produced w hich changed from  green 
to yellow and fin ally  to deep red as the concentration  
of the free chlorine w as increased. In one instance

1 Report on the  Public W ater Supply  of Cleveland w ith reference to 
Treatm ent w ith Calcium  H ypochlorite ,” by  W . H . D ittoe  and L. H. 

'» n  Buskirk, Ohio S ta te  Board of H ealth , Bull. 3, No. 1 (January , 1913).

when testin g  for chlorine in a sam ple of the w ater 
supplied to th e c ity  of Colum bus, Ohio, a ligh t blue 
color developed on adding o-tolidine. N o explanation  
for these color changes is a ttem p ted  b y  th e above 
writers. I t  is apparent, how ever, th a t o-tolidine 
could n ot be v e ry  well em p loyed  in a colorim etric 
estim ation, unless these color changes were elim inated.

A  lim ited  am ount of stu d y  of the various factors 
affecting these color changes has been un dertaken  
b y  the authors, and a reliable m ode of procedure for 
a colorim etric determ ination  w orked out. A  possible 
explanation  of the reactions in v o lved  is offered, which 
seems to accoun t for some of the color changes, although 
the authors have not had the op p o rtu n ity  of m aking 
a sufficien tly  thorough in v estigation  to  enable them  
to  explain  com pletely  all of these com plex reactions.

In  using th e acetic  acid  solution of o-tolidine with 
sm all am ounts of chlorine, it  w as found th a t different 
shades of color were produced, ran gin g from  a yellow ­
ish green to  a blue. A lth o u gh  in this test the dyes 
are produced in an acid solution, nevertheless the 
variation s in the colors form ed appeared to  be in tim a te ly  
associated w ith  th e original degree of a lk a lin ity  of 
the w ater. W aters th a t  are n atu ra lly  alkaline from  
the carbonates of calcium  and m agnesium , which 
th e y  contain , or those rendered artific ially  so b y  an y 
of th e fixed alkalies, act sim ilarly. T h e higher the 
original a lk a lin ity  of th e w ater contain ing free chlorine, 
the bluer is the shade of color produced. T h e more 
n early  n eutral is th e w ater being exam ined, the y e l­
low er is the tin t. In n atural w aters of m oderate h a rd ­
ness, which have not been m aterially  m odified b y  some 
m ethod of purification, th e usual tin t obtained  is a 
yellow ish green.

B y  increasing the concen tration  of the acetic  acid 
a more yellow ish green color is produced; b u t only 
b y  adding v e ry  large quan tities of acid  is a yellow  
color form ed. On the other hand the addition  of a 
ve ry  sm all q u a n tity  of a h igh ly  dissociated acid, 
such as hydrochloric or sulfuric, produces a deep yellow  
color w ith sm all am ounts of free chlorine. T h is yellow  
color is not affected  b y  the original degree of a lk a lin ity  
of the w ater being tested , nor is th e tin t m odified 
b y  an y change in  th e concen tration  of the acid.

B y  increasing th e am ount of free chlorine, the acetic 
acid solution of o-tolidine produces first a solution 
w ith a yellow ish green color, changing to  an orange 
and then to  a deep red. S till larger q uan tities of chlor­
ine produce a dark red p recip itate. Sm all q uan tities 
of brom ine and iodine produce, w ith an acetic  acid  
solution of o-tolidine, green-colored solutions. W ith 
larger am ounts brom ine acts as does chlorine, b u t iodine 
tends to form  a p recip itate  more readily , and it  is of 
a bluish color.

W ith  increasing concen trations of solutions of p o tas­
sium  bichrom ate or potassium  perm anganate, b u t 
w ith no halogens present th e acetic  acid  solution of 
o-tolidine produces first green-colored solutions, then 
yellow  solutions and fin ally  deposits brow n-colored 
precipitates. T hese p recip itates are soluble in h yd ro ­
chloric acid and give yellow -colored solutions. On 
the addition  of n itric  acid  to  an acetic acid  solution
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of o-tolidine a yellow -colored solution is form ed.
T h e acetic acid  solution of o-tolidine darkens on 

stan din g, and esp ecially  so when exposed to th e light. 
Old solutions g ive sligh tly  different shades of color 
w ith sm all am ounts of free chlorine, th a n  do those 
w hich are freshly prepared. T h e green colors produced 
w ith sm all am ounts of free chlorine fade w ithin  a few  
m inutes, and are p ro b ab ly  n ot reliable for longer than  
five m inutes for colorim etric estim ation  again st stan d ­
ards prepared w ith know n am ounts of chlorine. T h is 
reagen t is sufficiently delicate to  detect q uan tities of 
free chlorine as low  as o .o i p a rt per m illion. T he 
objections to m akin g use of the acetic  acid  solution 
of o-tolidine for the q u a n tita tiv e  determ ination  of sm all 
am ounts of free chlorine m ay be sum m ed up as follow s:

is t . W a terso f va ry in g d eg reeso f a lk a lin ity  produce dif­
ferent shades of color w ith sim ilar am ounts of free chlorine.

2nd. F ad in g of th e colors occurs w ithin a few  m inutes.

3rd. D eterioration  of the reagen t w ith age, especially  
in th e light.

H Y D R O C H L O R IC  ACID  S O L U T IO N  OF O R TH  O -T O L ID IN E

Since th e addition  of sm all am ounts of h igh ly  dis­
sociated  acids, such as hydrochloric and sulfuric, was 
found to  give a yellow  color w ith  sm all am ounts of 
free chlorine, when using the o-tolidine reagen t, and 
since this color was n either affected  b y  the degree of 
a lk a lin ity  of the w ater being tested, nor b y  changes 
in the concen tration  of the acid, it  led to the prep ara­
tion  of a hydrochloric acid solution of o-tolidine 
in place of the acetic acid solution. T h e strength  
of th is hydrochloric acid solution was one-tenth per cent 
o-tolidine in a 10 per cent solution of hydrochloric acid. 
T h is reagen t does n ot deteriorate on standing. It  pro­
duces w ith sm all quan tities of free chlorine a yellow' 
color.

T h e yellow  color is produced un iform ly w ith  sm all 
am ounts of free chlorine, regardless of the soluble 
constituen ts of th e  w ater being tested. T h e a lk a lin ity  
of th e w ater in no w a y  affects the shade or tin t produced. 
T h e presence of sulfates, chlorides and n itrates of the 
alkalies and alkalin e earth  bases do n ot interfere 
w ith th e test. T h e yellow  color develops in abou t 
three m inutes and is perm anent for a t least one-half 
hour. T here is a good gradation  of color for increas­
ing am ounts of free chlorine. T h e test is delicate enough 
to  d etect 0.005 part per m illion of free chlorine.

AVith large am ounts of free chlorine, the hydrochloric 
acid  solution of o-tolidine changes from  yellow  to  orange 
then to  red and fin ally  throw s dow n a dark red pre­
cip itate. Brom ine and iodine both produce yellow - 
colored solutions w ith  th is reagent. Large q uan tities 
of brom ine b ehave as does chlorine, b u t iodine solu­
tion s do n ot appear to form  precipitates. Solutions 
of potassium  perm anganate and potassium  bichrom ate 
produce a yellow' color w ith th is reagent, w hich deepens 
w ith increased concentration  of th e above com pounds, 
b u t do not form  precipitates. N itric  acid gives a 
yellow -colored solution w ith th is reagen t, w hich could 
be due either to the oxidizing action  of the n itric  
acid, or of the chlorine form ed b y  the oxidation  of the 
h ydroch loric acid of th e o-tolidine solution. •

M ETH O D  OF A N A L Y SIS

T h e m ethod of m akin g th e colorim etric test consists in 
adding 1 cc. of th e one-tenth per cent o-tolidine solu­
tion  in 10 per cen t hydrochloric acid  to 100 cc. of the 
w ater to be tested  for free chlorine. W hen the free 
chlorine exceeds 3 parts per m illion it is necessary 
to use more of the reagent. T h e  w ater and the reagent 
are well m ixed and are allow ed to stan d for five min­
utes. T h e y  are then com pared w ith standards of 
know n stren gth  prepared a t the sam e tim e or with 
perm anent stan dards as described below . From a 
solution of chlorine, stan dardized  b y  m eans of a N/100 
th iosu lfate  solution, a series of stan dards are prepared 
b y  dilution  w ith  redistilled w ater. T h e strength of 
th e chlorine solution should be determ ined at the 
tim e th e stan dards are to  be prepared. The latter 
m ust be fresh ly  m ade and im m ed iately  compared 
.with th e sam ples being tested. W ater for dilution 
of stan dards should be as free from  organic matter 
as red istillation  w ith alkalin e potassium  perman­
gan ate  w ill m ake it. O rdin ary d istilled  water con­
tains enough organic m atter to  q u ick ly  reduce the 
chlorine and th us cause it  to disappear.

T o  a void  the difficulties inherent in preparing stand­
ards as ab ove described, perm anent standards may 
be m ade from  solutions of copper su lfate and potas­
sium  bichrom ate in sulfuric acid  solution. For stand­
ards betw een 0.01 p a rt per m illion and 10 parts per 
m illion th e prop ortionate volum es of the two solu­
tions are given  below.

Copper su lfa te  Potassium  bichromate
P a rts  per million Cc. Cc.

0.01 0 .8
0 .02 2.1
0 .03 3 .2
0 .04 4 .3
0 .05 0 .4 5 .5
0 .06 0 .8 6 .6
0.07 1.2 7 .5
0 .08 1.5 8 .7
0 .09 1.7 9 .0
0 .10 1.8 10.0

N ote— P otassium  b ichrom ate solution: 0.025 gram  +  0.1 cc. con«
cen tra ted  sulfuric acid d ilu ted  to 100 cc. w ith distilled water.

Copper sulfate solution: 1.5 gram s C uS04.5H ï0  +  1 cc. c o n c e n t r a t e d  

sulfuric acid d ilu ted  to  100 cc. w ith distilled water.

Standards higher th an  o. 10 p a rt per m i l l i o n  require 
a stronger potassium  b ichrom ate solution; i. e., 0.25 
gram  +  1 cc. con cen trated  sulfuric acid  diluted to 100 
cc. w ith  distilled water.

Copper su lfa te  Potassium  bichromate
solution solution

P a rts  per million Cc. Cc.
0 .10 1.8 1.0
0 .2 0 1 .9 2 0
0 .3 0 1.9 3 .0
0 .4 0 2 .0 3 .8
0 .50 2 .0 4.5
0 .6 0 2 .0 5.1
0 .70 2 .0 5 .8
0 .80 2 .0 6.3
0 .90 2 .0 6.7
1.00 2 .0 7.2
2 .00 2 .0 12.0
3 .0 0 2 .0 21.0
4 .00 2 .0 30.0
5 .0 0 2 .0 39.0
6 .00 2 .0 46.0
7 .00 2 .0 56.0
8 .00 2 .0 63.0
9 .00 2 .0 70.0

10.00 2 .0 75.0
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SU G G ESTIO N S AS TO T H E  C A U S E S FO R  CO LO R C H A N G E S

O rtho-tolidine is an organic com pound of the form ula 
ChH ijN*.1 I t  is a hom olog of benzidine and is a powder 
melting at 129 0 C . I t  m ay be prepared from  o-nitro- 
toluene b y  reduction  w ith zinc dust and sodium  
hydroxide. T h e resulting h ydrazo-toluene is converted  
into the o-tolidine b y  boiling w ith  hydrochloric acid.- 
It m ay be purified in a m anner sim ilar to th a t of benzi­
dine. Its  stru ctu ra l form ula m ay be w ritten  as a t (1):

H -^ O O C C H j 
N H 2

( 1 )

'iCH,

(2)
(3)

CHj

C o l o r  o e  P r e c ip i t a t e  i n  

N eutral alcoholic Alcohol and
solution acetic acid. Alcohol and 1IC1.

Aniline Yellow-green-brown Brow n-purple-rcd Yellow-purple-red
NHj

o-Toluidine Yellow-orange-brown Purple-blue-red 
NH*

Purple-red

SCH*

Benzidine Yellow-orange-red 
NH*

G reen-orangc-red Yellow-orange-red

NHj
o-Tolidine Yellow-orange-red G reen-orangc-red Yellow-orange-red 
NH,

Cr
It is a />-2-diam ido-j»-2-dim ethyldiphenyl com ­

pound, and p ro b ab ly  produces dyes of the same 
general ty p e  as those derived  from  benzidine. O xi­
dation of o-tolidine p ro b ab ly  produces a nitroso com ­
pound of form ula  (2): th is com pound is p rob ab ly  
blue in color. Salts of o-tolidine upon oxidation 
produce a yellow  dye, a possible form ula for the acetic 
acid salt being (3).

The green color produced b y  th e action  of the 
chlorine on the acetic acid solution of o-tolidine is 
probably a m ixture of th e blue com pound (2) and 
the yellow  com pound (3). In the hydrochloric acid 
solution of o-tolidine, H C1 is m erely substituted  
for H O O C C H j. T h e sligh t dissociation of acetic 
acid and the h yd ro lysis  of th e acetate  perhaps account 
for the slow form ation  of the yellow  dye in the acetic 
acid solution, w hile th e large dissociation of hydroc­
h loric  acid m ight be th e reason for th e rapid develop­
ment of the yellow  color in the hydrochloric acid 
solution.

The red color and red p recip itate produced b y  large 
amounts of chlorine m ay be a substitution  product 
of the nitroso com pound resulting from  the com plete 
oxidation of all th e o-tolidine present.

Aniline treated  w ith  a solution of bleaching powder 
produces certain  color reactions, b u t it requires a 
considerable am oun t of chlorine for their developm ent. 
Similarly ortho-toluidine form s colored solutions w ith 
chlorine, which are likew ise slow ly  developed, although 
somewhat m ore ra p id ly  th an  in the case of aniline. 
As has been p reviou sly  noted benzidine readily  pro­
duces colored solutions w ith chlorine, sim ilar to those 
formed w ith o-tolidine. Its  sensitiveness to  chlorine 
is much greater th a n  is th a t  o f aniline or o-toluidine 
but som ewhat less than  th a t of o-tolidine.

The colors produced b y  a solution of bleaching 
powder in grad u ally  increasing q u an tities w ith neutral 
and with acid alcoholic solutions of aniline, o-toluidine, 
benzidine and o-tolidine are shown in th e follow ing 
table:

1 Beilstejn, 3rd  edition. Vol. 4, page 980.

\ / CHl
NH,

A  blue color reaction  produced b y  the action  of 
hypochlorites on m ethyl-aniline and ethyl-aniline has 
been recen tly  reported b y  L eech .1 He suggests th a t 
the blue dye, possibly a m em ber of th e “ in d o”  series 
of dyes, results from  the oxidation  of the m eth yl or 
eth yl group. I t  seems to  th e authors th a t in the ease 
of o-toluidine and o-tolidine th a t th e dyes are pro­
duced as a result of the oxidation  of th e am ido group, 
and not the m eth yl group, since in aniline and b enzi­
dine, havin g no m eth yl groups, sim ilar dyes are form ed 
b y  the action  of h ypochlorites.

C in c in n a t i  F il t r a t io n  P l a n t  
C in c i n n a t i , O h io

THE QUANTITATIVE ESTIMATION OF GLIADIN IN FLOUR 
AND GLUTEN

B y  G e o . A . O lso m  

R e c e iv e d  J u l y  2 6 . 1913

Since E in h o f1 sep arated  alcohol-soluble proteins 
from  w heat, rye  and b arley, m uch interestin g research 
w ork has been done on prolam ines. I t  w as n ot, h o w ­
ever, until Osborne and Voorhees* presented a  stu d y 
on the proteins of th e w h eat kernel th a t a clear under­
stan din g as to  th e n ature of vegetab le  proteins was 
established. Of p articu lar interest w as th e research 
on gliadin, th e  prolam ine of w heat. I t  has been further 
believed th a t th e proportion of gliadin  to  glutenin  
determ ines the q u a lity  o f th e  gluten  w hich in tu rn

J "A  Color Reaction of H ypochlorites w ith  M ethyl-A niline an-4 E thyU  
Aniline,” by  Paul N . Leech. Jour. A m . Chem. See.. 25, No. 8 (A vgviit, 1933).

* See "T h e  Protean* of th e  W h ea t K ernel and  Vegetable P ro te in * /' b y  
T hom as B. Osborne. Also T ren t, o f  the Cancdian Institute, 7, 1503, b y  
George G. N asm ith.

* Am cr. Chem. J 1«, 392 (2893).
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determ ines the q u a lity  of a flour for bread-m akin g 
purposes.1

Follow ing M illo n ’s2 w ork on the q u a n tity  of gluten 
contained in different kinds of w heat, another series 
of in vestigation s bearing ■ on th e relationship of the 
gluten  to th e baking qualities of flour w as com m enced. 
H einrichs3 failed  to  establish a n y  relationship betw een 
the gluten  and b akin g q u a lity , b u t F le u r e n f was led 
to  b elieve th a t th e alcohol-soluble portion of the gluten, 
rath er th an  gluten, determ ines the b akin g qualities 
of flour. T h e m ethod adopted  b y  F leuren t for the 
extractio n  of gliadin  can not be said to be satisfa cto ry  
since the d iluted  alcohol contains potassium  h ydroxide 
and potassium  hydroxide like sodium  hydroxide is a 
solven t for glutenin  as well as for gliadin.

B ased upon O sborne’s and V oorhees’ w ork, Teller5 
w orked ou t a m ethod w hich he used for the estim ation  
of gliadin in w h eat a t different periods of grow th . 
He, and sub seq uen tly  C ham berlain 6 and oth ers,7 
observed th a t a p a rt of th e alcohol-soluble nitrogen 
w as extracted  b y  sa lt solution. T h e w riter in his 
studies on th e n itrogen com ponents of w heat flour 
has confirm ed th is  w ork. T he fa c t th a t the q u a n tita ­
tiv e  m ethods which we follow  for the estim ation  of 
proteins in w h eat flour are fa r from  satisfa cto ry , led 
th e w riter to  carry  out a series of experim ents, some 
of th e results of w hich are recorded below .

T h e stren gth  of alcohol m ost su itab le for th e ex­
traction  of gliadin  from  flour, or gluten, has never 
been determ ined. It  is know n th a t ab ove certain  
stren gths of alcohol little  or no gliadin can be ex­
tracted , while below  th is lim it all th e gliadin  can be 
extracted , provided enough solven t is used. T eller1 
studied th e so lu b ility  of proteids in different stren gths 
of alcohol and found th a t  w'hile th e q u a n tity  of nitrogen 
extracted  increased w ith the dilution  of alcohol until a 
m axim um  am ount of alcohol-soluble n itrogen products 
had been extracted , solutions contain ing from  40 
per cent to  60 per cent alcohol gave iden tical results. 
From  65 per cent to 95 per cen t b y  volum e, the per cent 
of nitrogen products decreased rap id ly. Osborne and 
Voorhees in their w ork used an alcohol of 0.90 sp. gr. 
L ater S h u tt8 and H um m el9 observed betw een the range 
of 60 per cent to  75 per cen t alcohol, b y  w eight, th a t 
the nitrogen conten t of flour soluble in alcohol d e­
creased w ith  the increased stren gth  of alcohol. B e ­
tw een 60 per cent and 86.4 per cent alcohol, b y  w eight, 
Sh u tt observed the sam e order of so lu b ility: w ith 86.4. 
per cent alcohol on ly 0.12 per cent nitrogen; com pared 
w ith  60 per cent alcohol 0.94 per cen t nitrogen w as 
noted. H o aglan d ,10 w orkin g w ith  tw o  sam ples of 
flour, observed th a t more nitrogen w as extracted  w ith 
w ater th an  w'ith alcohol of stren gths ranging from  10 
to  20 per cen t by w eight. Increasing the stren gth  to

1 Agr. Gazette N . S . Wales, Sept., 1896. Jour. Amer. Chem. Soc., 1900, 
263. Ibid., 1905, 1068. Comfit. rend., 1896, 123, 155.

2 Jour. f .  prakt. Chem., Bd. 61, 344 (1854).
* Berichte d. Landw i Versuchs. Rostock, 1894.
« Compt. rend., 1896, 327.
6 A rk. Bull. No. 53.
6 U. S. D ept, of Agr., Bur. of Chera., Butt. No. 81.
7 Ibid.. Bull. No. 90.
54 C entral Exp. Farm , O ttaw a, C an., 1907.
9 U. S. D ept, of Agr., Bur. of Chem ., Bull. No. 105.

T h is  J o u r n a l , 3, N o . 11, 8 38 .

75 per cen t b y  w eight, H oagland found th a t alcohol 
of 40 to  45 per cent b y  w eight extracted  as much or 
more n itrogen products th an  stren gths ranging be­
tw een 60 to 75 per cent b y  w eight. He believes a 
50 per cen t alcohol b y  w eight to be th e logical strength 
to  use. I t  should be rem em bered th a t Osborne and 
Voorhees sep arated  the gliadin  or its nitrogen from 
th e alcohol-soluble n itrogen. T h e fa c t th a t larger 
q uan tities of n itrogen -carrying bodies are extracted 
w ith w eaker alcohols does not prove th a t  larger quan­
tities of gliadin  are extracted , y e t nitrogen determina­
tion s are m ade and it  is assum ed th a t such is the case.

T h e observation s of K je ld a h l,1 M athew son ,2 and 
Osborne and H arris3 showed the specific rotation of 
gliadin, [a ]D — 92 to be un iform ly constan t. Snyder4 
introduced  a m ethod for th e estim ation  of gliadin 
w hich proved u n satisfactory  in th e hands of others. 
T h atch er5 w as unable to  use th e m ethod on soft wheat 
flours. Shaw  and G au m itz6 sta te  in th eir paper that 
“ the gliadin nitrogen should be corrected  for the amide 
nitrogen present, b u t for m ost p ractica l purposes this 
m ay be n eglected ,”  esp ecially  “ w ith  old and unsound 
flours a correction m ust be m ade for th e soluble amide 
bodies.”  C ham berlain  also is of the opinion that 
am ide com pounds soluble in alcohol are considered as 
gliadin  in th e proposed m ethods.

G reaves,7 in his thesis w ork, w ith  th e aid of the 
polariscope, foun d th a t 70 per cen t alcohol extracted 
m ore nitrogen in sm aller quan tities of flour than where 
th e  sam e q u a n tity  of alcohol acted  upon larger quanti­
ties of flour. C ham b erlain  recom m ended th a t at least 
100 cc. of alcohol per 2 gram s of flour should be used. 
In  w orking w ith  alcohol ran gin g from  60 per cent to 
80 per cent b y  w eight, G reaves obtained  the largest 
am ount of n itrogen, w ith  a few  exceptions, with 70 
per cen t alcohol. T h e highest specific rotation [a] 
— 89.80 w as observed w ith  74 per cent alcohol, and he 
is of th e opinion th a t  this is more n early  true gliadin 
th an  gliadin  extractio n s m ade w ith  other strengths of 
alcohol.

In  studies w ith hot alcohol com pared with cold, 
C h am b erlain 8 obtained  more gliadin  nitrogen in cold 
alcohol th an  in case of hot alcohol. Leach9 recom­
m ends 100 cc. of 75 per cen t hot alcohol per gram of 
m aterial. H oaglan d foun d th a t at a temperature of 
7 5 0 C ., and below1 th e la tter  tem perature, there is 
p ra ctica lly  no tem perature effect on the amount of 
nitrogen extracted . G reaves, em p loyin g tightly  stop­
pered pressure flasks, obtained  higher results with hot 
alcohol com pared w ith  cold.

In th e earlier in vestigation s on gliadin the experi­
m ental w ork w as directed tow ards the preparation of 
pure gliadin. so th a t it was possible to  properly identify 
and c lassify  it. In the la tter  researches, when quanti­
ta tiv e  m ethods were desired, the sum  total nitrogen

1 CaUralbl. Agr. Chem , 25, 197 (1 8 9 6 ).
2 Jour. Amer. Chem. Soc., 28, 1482 (1 9 0 6 ).
» Ibid., 24, 8 4 4  (1 9 0 3 ).
« Ibid., 26. 26 3  (1 9 0 4 ).
s Ibid., 29, 9 1 0  (1 9 0 7 ).
8 C alif Bull., No. 212.
7 J . Biol. Chem., 9, 3 - 4 ,  2 7 1 .
s Jour. Amer. Chem. Soc., 28, No. 11.
9 Food Inspection and Analyses, p. 23 2 .
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extracted b y alcohol has been considered pure gliadin. 
In literature, there is nothing to show th a t all of the 
nitrogen com pounds present in the alcohol-soluble 
is the nitrogen of pure gliadin. T h ere is, on th e other 
hand, some indication  th a t a p a rt at least of the 
nitrogen products is a p a rt of less com plex substances 
than gliadin, e. g., am ides. T here is som e evidence 
that substances closely allied to gliadin are present 
and which O ’ B rien 1 believes “ closely m erge into one 
another.”

The general m ethods adopted  for the separation  of 
gliadin from  its solven t h a ve  been either to dilute the 
alcohol and add sa lt solution or increase the strength 
of alcohol b y  adding absolute alcohol. Osborne states 
that distilling off th e alcohol in  vacuo causes the 
settling out of gliadin. T h is la tter  m ethod has been 
made use of b y  the w riter when handling large quan ­
tities of m aterial.

But where the q u a n tity  of m aterial is sm all and the 
exact p u rity  of th e m aterial is of secon dary im portance, 
the writer has evap orated  off th e alcohol in the open, 
thereby causing precip itation  or settlin g out of pro­
tein. Owing to  th e peculiar properties of gliadin 
and the sim ilar properties of th e coagulum  it is reason­
able to believe th a t  th e y  are one and th e sam e sub­
stance. T he gliadin, how ever, is purer than  th e pre­
cipitate due to th e  fa c t th a t it  is redissolved and pre­
cipitated a num ber of tim es. T h e nitrogen bodies 
dissolved b y  the alcohol and n ot precip itated  are non- 
gliadin bodies which from  a q u an tita tive  point of view  
are generally included as gliadin  nitrogen.

This means of sep arating th e alcohol-soluble nitrogen 
materials into tw o  groups offers a sa tisfa cto ry  working 
basis for the estim ation  of gliadin  in flour or gluten. 
In some respects such a m ethod is sim ilar to  the one 
in vogue for th e estim ation  of casein in m ilk.

In order to learn w hether or no it  w as possible to 
make use of th e ab ove m ethod for th e estim ation of 
gliadin it was n ecessary to  include w ith it th e estim a­
tions for the salt-soluble protein  substances found in 
flour.

In the prelim inary experim ents a series of four flours 
were selected. T hese were first extracted  w ith  one 
per cent salt solution  (N a C l) , follow ed b y  treatin g 
the insoluble residue w ith  sufficient 95 per cent alcohol 
to make an alcohol 70 per cent b y  volum e. A  direct 
70 per cent alcohol separation  w as also m ade. Besides 
this, 50 cc. a liq uot of the d irect alcohol-soluble separa­
tion was evap orated  to  w ith in  5 cc., 50 cc. of w ater 
added, boiled, and then  cooled to  room  tem perature. 
A heavy coagulum  or settlin g  out resulted upon the 
evaporation of th e alcohol and increased in am ount 
upon cooling after th e boiling.

An aliquot of the 1 per cen t salt-soluble was evap ora­
ted to dryness and then extracted  w ith 70 per cent 
alcohol, in order to  rem ove the gliadin  w hich, ac­
cording to Teller and confirm ed b y  C ham berlain , is 
appreciably soluble in 1 per cen t salt solution. The 
residue rem aining after the alcohol extraction  should 
be composed largely, if not all, of edestin an d leu cosin . 
The alcohol extraction  in th e dried salt solution should

1 Annals of Sol., 1895, p. 182.

carry  w ith it  th e coagulable and non-coagulable 
n itrogen which was rem oved b y  the salt solution.

N itrogen  determ inations were m ade b y  the stra igh t 
K je ld ah l m ethod in th e flour, the d irect extractio n  o f 
the flo u r ,w ith  70 per cent alcohol, th e coagulum  in 
th is alcohol-soluble, th e  alcohol-soluble resulting a fter  
th e extraction  of the flour w ith  1 per cent sa lt solution, 
th e salt-soluble extractio n  and the salt-soluble insoluble 
in 70 per cen t alcohol. T h e results obtained for the 
above determ inations are recorded in T ab le  I.

T a b l u  I

0
2
1
2
3
4

T h e d a ta  given  in T a b le  I g ive  results b y  th e d ire ct 
process of ex tra ctin g  flour for n itrogen -carrying 
bodies as w ell as th e reverse process. T h e results 
obtained are not com parable w ith  each other in the 
tw o m ethods. M ore th an  this, the d a ta  show th a t 
salt extracts a part of th e alcohol-soluble nitrogen- 
carryin g bodies and 70 per cen t alcohol b y  volum e 
applied d irectly  to a flour rem oves larger am ounts o f 
protein  th an  can  be accoun ted for b y  th e indirect 
m ethod. T h e excess am ount of alcohol-soluble b y  the 
direct m ethod p ossibly has been altered  upon ev a p o ra t­
ing the salt-soluble and hence is no longer soluble in 
th is strength of alcohol. T h e d ata  fu rth er show th a t 
a large part of th e alcohol-soluble n itrogen -carrying 
bodies are coagu lated  w hen th e alcohol is rem oved and 
boiled w ith  w ater. These results further indicate 
th a t a part of the alcohol-soluble n itrogen -carryin g 
bodies is estim ated  as leucosin and edestin when 1 
per cent salt solution is used. Sim ilar results wTere 
obtained b y  C ham berlain  who extracted  the flour 
w ith alcohol follow ed b y  extractin g  th e alcohol residue 
w ith  a 5 per cent solution of potassium  sulfate. T h e 
am ount of n itrogen -carrying bodies extracted  from  the 
alcohol residue as obtained b y  him  was on ly  one-fifth 
as m uch as th a t  obtained b y  the d irect extractio n  of th e 
flour w ith 5 per cent potassium  sulfate.

Perhaps th e m ost in terestin g results obtained were 
the rem arkab ly  close agreem ent betw een the nitrogen 
in the alcohol-soluble coagulum  and th a t of the alcohol- 
soluble nitrogen where th e  flour had first been extracted  
w ith  1 per cen t salt solution togeth er w ith th a t ex­
tracted  in th e d irect salt-soluble. T hese d ata  add 
further evidence th a t alcohol ex tracts  other n itrogenous 
substances from  flour than  gliadin  and th a t “ gliadin 
is appreciab ly  soluble in 1 per cent sa lt so lu tio n .”  
In  th is series of experim ents ap p roxim ately  72 per cen t 
of the to ta l alcohol-soluble nitrogen is gliadin  nitrogen

—A l c o h o l -S o l u b l e  P r o t e in s  d y  D i r e c t , I n d ir e c t  a n d  C o a g u -  
l a t io n  M e t h o d s
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2.07 1.11 0 .73  0 .45  0 .29  0 .52  0.81
- 1 8  1.22 0 .87  0 .47  0 .3 2  0.61 0 .93
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based on either the coagulum  nitrogen or th e alcohol- 
soluble nitrogen b y  the indirect m ethod.

O w ing to  the close agreem ent in th e nitrogen con­
te n t in the coEtgulum com pared w ith th e  nitrogen 
conten t in the alcohol-soluble b y  the indirect m ethod 
it appears reasonable to  th e  w riter th a t either one of 
the tw o  m ethods m entioned here -would be sa tisfa cto ry  
for th e estim ation  of gliadin  nitrogen. T h e m ethod 
for the determ ination  of th e coagulable n itrogen is the 
shortest and the b etter one to follow  of the tw o and as 
a result th e w riter has devoted  his tim e to  a stu d y  of 
th is m ethod.

A s has been sta ted , th e stren gth  of alcohol best 
suited  for gliadin  estim ation  has never been fixed. 
G reaves believes th a t  a 74 per cent alcohol is the 
proper stren gth  to  use in polariscopic estim ations, 
while va riab le  stren gths have been suggested  in 
gravim etric  estim ations. For th is reason it  is neces­
sary  to  determ ine a stren gth  th a t would be su itable 
for th e w ork in volved .

T w o  sam ples of flours were digested w ith  cold 45, 
50, 55, 60, 65, 70, 75, So, and 85 per cent alcohol b y  
volum e and the nitrogen determ ined in an aliq u ot of 
the alcohol-soluble as w ell as in th e coagulum  resulting 
from  another a liq u ot of the alcohol-soluble. N itrogen  
determ in ations were also m ade in th e  ph osphotun gstic 
p recip itates resulting from  th e coagulum  filtrates. 
T h e results for nitrogen in th e alcohol-soluble, the 
coagulum  filtrate and the sum  of th e  last tw o  determ i­
nations are recorded in T a b le  I I  of th is paper.

T a b l e  I I — A m o u n t  o p  C o a g u l a b l e  N i t r o g e n  O b t a i n e d  i n  D i f f e r e n t

S t r e n g t h s  o p  A l c o h o l
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N o. M aterial
A. D ire c t  1.23 1.29 1.30 1.30 1.25 1.21 0 .99  0 .78  0 .33

C oagulum .. 0 .87  0 .82  0 .84  0 .8 4  0 .77  0 .75  0.61 0 .5 9  0 .15
Precip ita ted

f i l t r a te . . .  0 .3 9  0 .4 5  0 .4 2  0 .4 2  0.41 0 .39  0 .32  0 .23  0 .14
T o ta l   1 .26 1.27 1.26 1.26 1.18 1.14 0 .93  0 .82  0 .29

B. D irec t  1.36 1.63 1.63 1.62 1.57 1.45 1.05 0 .8 6  0 .16
C oagulum .. 1.14 1.18 1.21 1.21 1.17 1.08 0 .72  0 .5 0  0 .02
P recipitated

f i l t ra te . . .  0 .24  0 .37  0 .3 4  0 .35  0 .35  0.31 0 .3 6  0 .2 6  0 .13
T o ta l   1.38 1.55 1.55 1 .56  1.52 1.39 1.08 0 .7 8  0.15

There are several th in gs of interest to  be noted in 
the d ata  given  in T a b le  II. T h e per cent of nitrogen 
obtained  in the coagulum  after rem ovin g the alcohol 
runs quite un iform ly regardless of stren gths of alcohol 
ranging betw een  50 per cent to 65 per cent inclusive 
alcohol b y  volum e. From  70 per cen t there is a m arked 
decrease in the per cent of nitrogen until a t 85 per cent 
o n ly  ab ou t 25 per cent of the to ta l nitrogen in th e a lco­
hol-soluble is obtained. T h e per cent of nitrogen in 
th e  phosphotungstic acid precip itated  filtrate bears 
a sim ilar relation. T h e sum  of the per cents of n itrogen
in th e coagulum  and phosphotungstic acid precip itate 
agree fa irly  well w ith the per cents of nitrogen obtained 
b y  the d irect alcohol extraction.

In regard  to the per cents of nitrogen-solubles in 
different per cents of alcohol it will be noted th a t the

results agree w ith those observed, first b y  Teller, and 
later b y  other in vestigators. From  these results it 
appears th a t a 50 per cent alcohol b y  volum e is satis­
fa cto ry  to  use for the estim ation  of th e per cent of 
nitrogen in th e coagulum . T h e slight variations 
noted in th e totals com pared w ith  th e results by the 
d irect m ethod are un do u bted ly  due to  analytical 
error.

The fo llow ing m ethod w as finally  adopted for the 
stu d y  of coagulum  fraction  of the alcohol-soluble. 
F ou r gram s of flour were digested w ith  200 cc. of 50 
per cen t alcohol b y  volum e, shakin g th e entire contents 
a t in tervals of five m inutes a p art during the first 
tw o  hours, then allow in g to stan d tw en ty-fou r hours 
follow ed b y  filtering clear. A liq u ots of 50 cc. each 
were ta k en  from  th e th o rou gh ly  m ixed filtrate, evapo­
rated  slow ly  to  w ithin 5 cc. volum e, 50 cc. of w ater added 
to  each and further evap orated  a t a tem perature near 
to boiling until conten ts of beakers approximately 
am ounted to 10 cc., repeatin g 50 cc. of water were 
added and again  evap orated  dow n to w ithin 35 cc. 
T h e beakers were then rem oved, 25 cc. w ater added, 
allow ed to cool to  room  tem perature (21 °) and finally 
filtered. In case of tu rb id  filtrates, th e  filtrates were 
rep eated ly  filtered until clear. T h e coagulum is 
difficult to  rem ove in m ost instances, owing to the 
s tic k y  n ature of th is substance, and in such cases the 
mass w as gathered b y  th e use of steel spatula and 
policem an and tran sferred  to filter paper, occasionally 
using cold, distilled  w ater to  fa cilita te  the transferring 
and w ashing of th e coagulum . N itrogen  determina­
tions were m ade according to  th e  K jeld ah l method. 
T h e proper corrections for paper and reagents were 
tak en  into consideration  in all determ inations for 
nitrogen.

T h e filtrates resu lting from  th e separation of the 
coagulum  were treated  w ith  sufficient phosphotungstic 
acid  and nitrogen determ ined in precip itate and filter 
paper.

In a series of experim ents com prising sixty  different 
flours obtained  from  different sources, representing 
different clim atic  zones in th e U nited  States, some 
of which know n as sprin g or w inter wheat patents, 
others stra igh t, or bakers, som e of better baking
qualities th a n  others, were sub jected  to the above
m entioned m ethod for th e determ ination  of gliadin. 
T h e average m axim um  and m inim um  results for

T a b l e  I I I — P e r  C e n t  N i t r o g e n  i n  A l c o h o l  F r a c t i o n s

J , J, V u ■ tJ
c  U a  2 5  - c  O  P e r  c e n t  c o a g u l a b l e

» O G Ci 0 •-
G  u  o  ** X  Co £ 0 £ 3 .tj 0 2 O y

p* pu p, £< c* O <
Average (6 0 ) .... 1.97 1.105 0 .755  0.295 0.033 38.32 68.32
M axim um   2 .72  1.560 1.210 0 .440  0 .19  50.0 86.40
M in im um   1.31 0 .610  0 .440  0 .120  0 .09  31 .0  50.50

p e r  c e n t s  o f  t o t a l  n i t r o g e n  in  f lo u r , alcohol-soluble 

n i t r o g e n ,  c o a g u la b le  n i t r o g e n  in  a lc o h o l-s o lu b le  and 
n i t r o g e n  in  p h o s p h o t u n g s t i c  a c id  p r e c ip i t a t e  are re­
c o r d e d  in  T a b le  I I I .  I n  a d d i t io n  t h e  p er  cen t of 
c o a g u la b le  n i t r o g e n  e x p r e s s e d  in  p e r  c e n t  o f total 
n i t r o g e n  in  t h e  f lo u r  a n d  a lc o h o l - s o lu b le  a re  included.



According to  the results sum m arized in T ab le  III , 
it will be noted th a t th e per cen t of coagulable nitrogen 
of total nitrogen in th e flour is 38.52, while the per cent 
of coagulable of to ta l alcohol-soluble is 68.32. I t  is 
further noted th a t all of th e alcohol-soluble nitrogen 
is not coagulable nitrogen and th a t which is not coag­
ulable is precip itated  b y  ph osphotun gstic acid. If 
the coagulable nitrogen contains all of the gliadin 
nitrogen of flour, it  will be noted th a t this nitrogen 
does not bear a n y  relation  to th e to ta l alcohol-soluble, 
nor total nitrogen of th e flour.

In connection w ith  th is w ork it  was th o u gh t desirable 
to carry out a few  com p arative tests as to the p u rity  
of the coagulum  from  a nitrogen point of view  w ith the 
mass obtained in th e alcohol-soluble. Four flours 
from as m any different states were selected for this 
work. T he per cen t of to ta l solids, per cent of nitrogen 
in the solids, th e  per cen t coagulum , per cent of nitrogen 
in coagulum , per cen t ash in  coagulum , and per cent 
of sugar in filtrate resu lting from  the separation of the 
coagulum are recorded in T a b le  IV .

Table  IV — P u r it y  o f  A l c o iio l -S o l u b l c  C o m p a r e d  w it h  P u r it y  o p
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Kansas.................. 8 .6 1 4 .3 1 1 3 .6 9 0.11 0 .1 2 1
So. D akota.......... . . .  1 2 .0 2 9 .9 0 5 .9 8 1 4 .8 8 0 .1 2 0 .0 5 8
Washington......... . ..  11.10 8 .4 7 6 .1 2 1 2 .0 9 0 .2 3 0 .2 6 6
New Y ork............ 5 .1 4 5 .1 8 1 0 .4 2 0 .3 9 0 .2 4 4

The degree of p u rity  of th e  alcohol-soluble based
upon the nitrogen con ten t and to ta l solids is approxi­
mately less th an  one-half the p u rity  of pure gliadin

No.
0. c....
R- W. B
B. h . . . .
P ............
L. C.......
M. 15...

(17.6 per cent N ) and for th e coagulum  the nitrogen 
content (av. 12.77) agrees w ith  the nitrogen content 
°f gluten (12.77 per cent N ) .1 T h e per cent of sugar 
found and the per cen t of ash are sm all and seem ingly 
do not influence th e  p u rity  of th e proteins to  an y 
great extent. Just how  m uch fa t the coagulum  
carries was not determ ined, b u t from  determ inations 
made in non-ether extracted  preparations of gliadin 
sometimes as high as 13.5 per cen t of ether extract 
was found and presu m ab ly  th e larger am ount of fa t 
>n the coagulating m ethod includes fa t in the coagulum  
"hich fat, if included in gliadin, w ould reduce the n itro­
gen per cent in gliadin  to  figures p ra ctica lly  as low 
as those obtained b y  the w riter for th e coagulum .

In  r e se a r c h  b e a r in g  o n  t h e  p r o p e r t ie s  o f  g lu t e n  a n d  
jts e ffe c t u p o n  t h e  b a k in g  q u a l i t i e s  o f  f lo u r , w e  h a v e  
been e x c e e d in g ly  f o r t u n a t e  in  w o r k in g  o u t  a  m e th o d  

1 This J o u r n a l , 4, N o .  3 (1912).

9 2 1

of preparing gluten  in d ry  form  w hich when m oistened 
w ith w ater takes on all of the characteristics of the 
gluten  from  which it  w as prepared. It  occurred to the 
w riter th a t it  m ight be well to tr y  the above m ethod 
for the estim ation  of gliadin on prepared glutens 
obtained from  flours in w hich the m ethod had been 
tried  d irectly. A ccord in gly , one-half gram  lots of 
1 0 X X  bolted  gluten  from  six different flours were 
digested w ith  tw o hundred centim eters of 50 per cent 
alcohol b y  volum e and the m ethod as described above 
was follow ed from  th is point. T h e per cent of nitrogen 
in dried gluten, th e per cen t nitrogen in th e alcohol- 
soluble, th e per cen t nitrogen in coagulable of the 
alcohol-soluble, th e per cen t nitrogen in  th e phos­
ph otun gstic acid  precip itated  filtrate, the error in the 
determ inations, and th e am ount of gluten  in 100 gram s 
of flour from  which d ata  the gram s of nitrogen in  the 
gluten, the alcohol-soluble and coagulable, h ave been 
calcu lated  and are recorded in T ab le  V . T h e per cen t 
of coagulable nitrogen as foun d in the alcohol-soluble 
extract of the flour is- introduced  in the last colum n for 
com parison.

W hen the possible variation s in th e results for the 
determ inations of d ry  gluten, the so lu b ility  of gliadin  
in the process of w ashing the gluten  out of the flour, 
as well as the possible error in v o lved  in m aking nitrogen 
determ inations, are considered it  will be noted (T ab le  
V) th a t th e per cent coagulable n itrogen foun d in a lco ­
hol-soluble of the gluten  com pares rem ark ab ly  c lo sely  
w ith the coagulable nitrogen obtained b y  th e d irect 
extraction  of th e flour w ith alcohol. In tw o instances, 
viz., B . L. and M . 15, th e error is som ew hat large, 
b u t on closer s tu d y  it  w ill be further n oted th a t the 
results obtained in th e gluten  run low er in all instances

except one than  w as th e case in th e determ ination  in 
the flour. A  possible explanation  for the low er results 
other than  those m entioned above m ay be eith er th a t  th e 
total alcohol-soluble m aterial contain ed in the gluten  
was n ot en tirely  extracted  or the alcohol-soluble 
obtained in flour contained other proteins which coag­
ulate w ith th e coagulum  and do not com bine w ith the 
glutenin to form  gluten.

A t  an y rate, gluten  prepared in the m anner de­
scribed is excellen tly  suited for the preparations of the 
com ponent proteins of gluten  in pure form . T h e 
ether-soluble m aterials can be rem oved first, then  the 
alcohol-soluble, etc.

It  is a recognized fa c t  th a t gliadin  is s ligh tly  soluble 
in w ater, som ew hat in 1 per cen t salt solution and 
p ra ctica lly  insoluble in 10 per cen t sa lt solution. 
A ccordin gly , one would expect to  find a p a rt of the 
gliadin in solution in  th e filtrates resulting from  th e
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T a b l e  V — P e r  C e n t  C o a g u l a b l e  N it r o g e n  i n  G l u t e n  a n d  C a l c u l a t e d  i n  P e r  C e n t  o p  F l o u r

Per Per cent Per
Per cent N  in Per cent alcohol- cent coagu- Per cent

Per cent N Per phosphotung- Per cent gluten N soluble in labie N  in coagulable
cent N  in alcohol- cent N  in stic pre­ gluten in per cent per cent per cent found

gluten soluble coagulable cipitate Error in flour of flour of flour of flour in flour
1 3 .6 6 6 .6 4 6 .3 2 0 .4 6 + 0 . 1 2 1 4 .2 0 1 .9 5 0 .9 4 0 .9 0 0 .9 6
1 3 .9 6 8 .5 6 5 .7 6 2 .6 8 + 0 . 1 2 9 .5 6 1 .3 3 0 .8 2 0 .5 5 0 .5 6
1 4 .3 8 6 .6 4 4 .9 6 1 .6 0 — 0 . 0 8 9 .3 5 1 .3 4 0 .5 6 0 .4 6 0 .5 8
1 2 .9 6 6 .8 8 4 .8 8 2 .0 4 + 0 . 0 4 1 7 .2 0 2 .2 3 1 .1 8 0 .8 4 0 .9 2
1 4 .2 4 7 .5 2 6 .5 6 0 .9 6 0 .0 0 1 1 .6 0 1 .6 5 0 .8 7 0 .7 6 0 .6 9
1 4 .2 8 6 .4 8 4 .9 6 1 .5 0 — 0 .0 2 1 2 .7 0 1 .8 1 0 .8 2 0 .6 3 0 .7 4
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separation  of the coagulum  of the alcohol-soluble. 
In the w riter’s experience it  has been found th a t the 
coagulum  is d ifficu ltly  soluble in cold w ater. F urther, 
upon evap oratin g the filtrates v e ry  sm all quan tities 
o f coagulum  result w hich when transform ed into the 
coagulable state  rem ain p ra ctica lly  insoluble. The 
am oun t of coagulable m aterial w hich passes into  the 
filtrates m ust be exceedin gly  sm all and in no case has 
th e w riter obtained  sufficiently large q uan tities to 
w arran t a determ ination  to be m ade. From  a q u an ti­
ta t iv e  point of view , it  is safe to assum e th a t p ra ctica lly  
all of the gliadin  nitrogen has settled  out or coagulated  
and th e n itrogen bodies present in the filtrates are of 
less com plex form .

O w ing to the difficulties m et w ith  in transferring the 
stic k y  coagulum  form ed in the m ethod described above 
and since the nitrogen contained in the coagulum , 
togeth er w ith  th a t found in the filtrate, equal the 
nitrogen found in the alcohol solution, the w riter has 
deem ed it  a b etter m ethod of procedure to estim ate 
th e nitrogen in the filtrate resulting from  the separation 
of the coagulum  and deduct this result from  the 
nitrogen found in the alcohol-soluble extraction  to get 
th e gliadin  nitrogen contained in the flour. The 
m ethod for th e estim ation  of gliadin nitrogen would 
then read as follow s:

D igest four gram s of flour w ith 200 cc. of 50 per cent 
alcohol b y  volum e. Shake the contents at five-m inute 
in tervals  for the first tw o hours, then  let stand over 
n ight and finally filter clear. D eterm ine the per cent 
of nitrogen in 25 cc. aliquots of the alcohol-soluble. 
E va p o rate  slow ly  50 cc. a liq uots of the alcohol-soluble 
to  w ithin  5 cc. volum e, add 50 cc. distilled w ater, bring 
near to boil, and continue process until volum e has been 
a p p roxim ately  reduced to 10 cc. R epeatin g, add 
50 cc. of w ater and boil dow n to w ithin 35 cc. volum e. 
A llow  contents of beakers to  cool to  room  tem perature, 
then  filter. If  necessary, repeat filter until filtrate  
becom es p ra ctica lly  clear. E stim ate th e per cent 
of nitrogen contained in the filtrate and deduct this 
result from  th e per cent of alcohol-soluble nitrogen 
to  get th e per cent of gliadin  nitrogen in the flour.

C O N C L U S IO N S

I. A lcohol solutions extract tw o groups of 
n itrogen -carrying bodies in w heat flour and gluten. 
Upon evap oratin g off the alcohol follow ed b y  th e ad ­
dition of w ater, one of th e groups, viz., gliadin, separates 
out, the other rem aining in solution.

II. S alt solution of 1 per cent strength  extracts 
a p a rt of the gliadin contained in w heat flour.

III . The gliadin  nitrogen obtained b y  the indirect 
m ethod is m uch low er than  th a t obtained b y  the d irect 
m ethod, b u t agrees rem arkab ly  closely w ith th e results 
obtained for nitrogen in th e coagulum  in the alcohol- 
soluble.

IV . Of the tw o m ethods for th e estim ation  of 
gliadin, th e coagulation  m ethod is the shorter and is 
more suitable to  use for th is reason th an  the indirect 
m ethod.

V . A lcohols ranging betw een 50 per cent to 65 
per cent, inclusive, b y  volum e, ex tra ct eq u ivalen t 
am ounts of coagulum  nitrogen. A b o v e  65 per cent

alcohol b y  volum e there is a rapid  fa llin g off in the 
am ount of coagulum  nitrogen obtainable. Alcohol 
of 50 per cen t b y  vo lu m e has been adopted by the 
w riter for the determ ination  of gliadin  nitrogen.

V I. A b o u t 68 per cen t of the to ta l alcohol-soluble 
nitrogen is coagulable.

V II . A lcohol-soluble, in coagulable nitrogen is pre­
cip itated  b y  ph osphotun gstic acid. T his, together 
w ith  the coagulable n itrogen, equals the to ta l alcohol- 
soluble nitrogen.

V I I I . In the sam e flours as m uch coagulable nitrogen 
is obtained  in sp ecially  prepared gluten  as in case of 
the flour.

I X . T he easiest and shortest m ethod for the 
estim ation  of th e gliadin  in flour is to  estimate the 
nitrogen in th e un coagulable portion  of the alcohol- 
soluble and d ed u ct th is result from  the total alcohol- 
soluble nitrogen.

W a s h i n g t o n  E x p e r i m e n t  S t a t i o n  

P u l l m a n

Q U A L IT Y  O F T H E  M A S S A C H U S E T T S  M IL K  SUPPLY AS 
S H O W N  B Y  T H E  IN S P E C T IO N  O F  T H E  STATE 

B O A R D  O F H E A L T H

B y  H e r m a n  C . L y t h g o b  

R e c e iv e d  A u g u s t  14, 1913

D urin g th e past year an in vestigation  of the milk 
su p p ly  w as u n dertaken  w ith special reference to certain 
en zym e and other reactions w hich could possibly 
d ifferentiate raw  m ilk from  pasteurized  m ilk and new 
m ilk from  old m ilk. T h e n ature of these reactions 
and th e source of the substances causing them are 
not y e t c learly  settled , b u t a s tu d y  of the literature 
shows the fo llow ing reactions which m ay be of an 
en zym e n ature:

R a w  m ilk contains a diastase capable of hydrolyzing 
o .o i to  0.02 per cen t of starch , a catalase which will 
liberate oxygen  from  hydrogen  dioxide, a peroxidase 
which will cause hydrogen  dioxide to react with certain 
organic substances, th ereb y  producing colors, and 
reductases cap able of decolorizing methylene blue 
solutions. P asteu rization  has more or less influence 
upon the above reactions depending upon the tem­
perature of pasteurization  and th e length of time sub­
jected  to this tem peratu re, and th e reactions are also 
m odified b y  the age of th e m ilk.

T h e reductases are produced b y  bacteria according 
to  K o n n in g ,1 S eligm an ,2 and G rim m er.3 On the con­
tra ry  S eligm an 2 states th a t some reductase may 
possibly  exist in m ilk as an enzym e. Romer and 
Sam es4 question  th e en zym e nature of reductase and 
state  th a t it is produced b y  th e destruction  of the cells 
of the m am m ary glands during m ilking, as the first 
m ilkings h ave b u t sligh t reducing properties and the 
last m ilkings dre h igh ly  reducing.

Sam es6 is opposed to  the en zym e nature of reductase 
and th in ks th a t the Seligm an assum ption that the 
reduction  is due to b acteria  is too far reaching. Salus

1 Milckufirtschl. Zenlr., 4, 156.
2 Z. Hyg., 58, 1.
3 ililchw irlschl. Zcntr.. 6, 2 43 .
* Z. Xahr. Gentissm., 20, 1.
6 Milchu'irtschl. Zenlr.. 6 , 462 .
6 Arch. Hyg., 75, 371.
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is of the opinion th a t reductase is a product of cell 
transformation. O penheim er1 states th a t reductase 
has nothing to do w ith  b acteria  and is difficult to dis­
tinguish from  bacteria l reductases.

The peroxidase according to Jensen2 com es from  the 
animal and is not form ed b y  grow ing bacteria  in m ilk. 
This is confirm ed b y  K o n n in g ,3 K o o p er,4 and F red .5 
Bordas and T ou p la in ' claim  th a t th is reaction  is due 
to the casein or to  calcium  caseinate. T h ey  heated 
milk to S o 0, :o o ° , and 120°, and after centrifuging 
obtained a cream  g iv in g  a p ositive reaction, a skim m ed 
milk giving a n egative reaction  and a precipitate 
giving a positive reaction  when m acerated  w ith w ater, 
the heated m ilk before cen trifuging g iv in g a n egative 
reaction. • S arth o u 7 and M eyer8 were unable to  obtain  
these results, the la tter  sta tin g  th a t th e results of 
Bordas and T ou p lain  were not reliable and the reaction 
obtained was due to foreign dirt. N icolas9 disagrees 
with Bordas and T ou p la in  b u t th in ks th a t the casein 
plays an im portan t p a rt in the reaction. Hesse and 
Kooper10 sta te  th a t the peroxidase reaction  is due to 
alkalinity; when m ilk is heated its  a lk a lin ity  is de­
creased and it  will g iv e  no reaction  w ith  the reagents. 
The heating according to K o o p er11 causes a precipita­
tion of the calcium  salts. G rim m er12 is of the opinion 
that the peroxidase reaction  is due neither to inorganic 
catalyzers nor to  a lkalin e reaction  b u t is a function  
of the m ilk album in or is due to  a substance allied to it 
which appears to  be a protein  or is absorbed b y  the 
albumin.

Milk catalase according to  F re d 13 and K o o p er14 is 
of bacterial origin. K oo p er states th a t catalase

tase test is carried out in tw o w ays: w ith a m ethylene 
blue and form aldeh yde solution and w ith a m ethylene 
blue solution w ith ou t form aldeh yde know n as F. M. 
reductase and M . reductase, resp ectively . T h e form ­
aldehyde causes an acceleration  in the tim e of reduction, 
fresh m ilk reducing th e F . M . solution in a few  m inutes 
and the M . solution in several hours. A ccordin g to 
B a rth e l1 fresh m ilk contain ing 10,000 b acteria  per cc. 
decolorized the M . solution in 11 hours, and the sam e 
m ilk four d ays old contain ing 47,500,000 bacteria  
per cc. decolorized in 14 m inutes. He also sta te s2 
th a t when th e reduction  takes place in less th an  one 
hour the m ilk has more th an  10,000,000 bacteria  per cc. 
and when th e reduction requires from  1 to 3 hours the 
num ber of b acteria  is from  10 to  4 million per cc. 
B arthel is of th e opinion th a t m ilk decolorizing m eth yl­
ene blue in less th an  one hour is b acteria lly  too im pure 
for food and th a t good com m ercial m ilk should require 
at least three hours for decolorization.

A n gelici3 states th a t there is no absolute parallelism  
betw een the m ethylene blue reduction  and num ber 
of bacteria, b u t th a t th is test is well adapted  to san itary  
control. F red 4 states th a t m ost b u t not all m ilk b a c­
teria reduce m ethylene blue, and th a t m ilk reducing 
m ethylene blue in from  one hour to 15 m inutes con­
tains from  15 to 50 million b acteria  per cc. and m ilk 
requiring seven hours or more contains less than  1 
m illion bacteria  per cc.

Giffhorn5 has m ade a stu d y  of these reactions and 
his results are given  in th e follow ing table. T h e 
peroxidase reaction  was preform ed w ith a ctiv e  gu aiac 
solution:

T a b l e  I — E n z y m e  R e a c t i o n s  o f  M i l k  A c c o r d i n g  t o  G i f f h o r n  

Character of milk G uaiac reaction M .  reductase F . M .  reductase D iastase C atalase
Fresh and n o rm a l ............................ Positive 5-12 m inutes D igests 0.01 to  0 .02  per cen t s ta rch  5-70  mm.
Too old for u s e ................................  Positive 1 -5 m inutes N orm al High
Too old for u s e ................................  Less than  1 hour 1-5 minutes Low Low
From diseased u d d e r s ..................... Less than  1 hour Slow Digests 0 .024  per cent starch  H igh
Heated above 72° was high in 

bacteria before heating  a nd  has
stood a considerable t im e   N egative  Less than  1 hour Less than  1 hour N one High

Heated from 65°—7 2 ° ..................... Positive N one

passes into the cream , th a t its  grow th  increases w ith A n other prop erty  of m ilk of hygien ic significance
the acidity up to 40 or 50° of acid and then decreases, is its a b ility  to coagulate w ith alcohol. If  95 per cent
This is confirmed b y  F a ite lo w itz 15 who states th a t the alcohol is added to m ilk in increasing quan tities it
decrease is due to  th e  lactic  acid  form ed and if the will ev en tu ally  cause coagulation. A s coagulation  is
acid is neutralized, the catalase will still be active. caused b y  the developm ent of acid in th e m ilk it  is

On account of their probable b acterial origin, the possible b y  using the correct stren gth  and am ount
reductase and catalase reactions are of valu e in in- of alcohol to  d ifferentiate betw een m ilk above and
vestigating the hygien ic q u a lity  of m ilk. T h e reduc- below a certain  acid ity . T h e usual procedure is to

a d d  t o  t h e  m i lk  a n  e q u a l  v o lu m e  o f  6 8  p e r  c e n t  a lc o h o l  
1 j to ' */» f * ’/ '  ext>erim' Therai>- *“• Frankfurt a/Ai., 1908, 75. b y  v o lu m e .  M ilk  w h ic h  g iv e s  a  p r e c ip i t a t e  u n d e r

'  MiichwirtsM. Zentr. 4 196. t h e s e  c o n d i t io n s  i s  s o u r  e n o u g h  t o  c u r d le  w h e n  b o i le d .
* z. tiakr. Gtnussm., so, 564. A ccording to  H enkel6 fresh m ilk does n ot coagulate

-11 Abt- 35/ 391- w ith an equal or a double volum e of 68 per cent alcohol
* Lompt. rend.. 148, 1057. A n n . Fats., 2, 193. Stk Intern. Congr. A ppl. . M i , , o

is, 69. or w ith an equal volum e of 70 per cent alcohol, buz-
* Compt. rend. soc. bioi., 68, 434. in g e r 7 a s  a  r e s u l t  o f  t w o  y e a r s ’ w o r k  s t a t e s  t h a t  a n  e q u a l  

Arh. Kais. Gesundh.. 34, 115.
“ Bull. soc. chim., 9 266. 1 Z . 'Sahr. Genussm., 15, 385.
■J Z. Nahr. Genussm., 21, 385. * Ibid., 21, 513.

• "Ibid., 23, 1. ’ Clin. Vat., 34, 388.
“  Uijchwirtschl. Zentr., 2, 295. 4 Centr. Bakt. Parasitenk., I I  Abt., 35, 491.
“  Cenlr. Bakt. ParasiUnk., I I  Abt., 35, 391. 5 Diss-  Iler" ’ 1909'

Z. Nahr. Genussm., 20, 564. * M iichw irtsM . Zentr., 3, 387.
u Ibid., 21, 294. 7 Ibid., 5, 292.
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volum e of 68-70 per cent alcohol coagulates colostrum , 
m ilk from  cows far along in lactatio n , m ilk from  dis­
eased udders as w ell as m ilk otherwise abnorm al, and 
possibly  m ilk from  cows calvin g prem aturely, b u t 
fresh norm al m ilk does not u su ally  coagulate w ith 
68-70 per cent alcohol.

B a rth e l1 says th e reaction  indicates souring w ith 
great certa in ty , and R a m m sted t2 states th a t it  is a 
good prelim inary test for freshness of m arket m ilk. 
B o lle3 says it is n ot a lw ays tru stw o rth y , as som e m ilk 
w ill coagulate w ith alcohol and W 'ill not upon boiling. 
Fendler and B o rk e l4 prefer to  use a double volum e of 
50 per cent alcohol. M orres5 has im proved the test 
b y  adding alizarin  to  th e alcohol. T h e alizarin  is an 
indicator and th e colors produced v a ry  from  lilac-red 
in  fresh m ilk through the brow ns to a yellow  in sour 
m ilk. T h is overcom es th e ob jection  of B olle, b y  g iv in g 
an additional indication  of the am ount of acid  present.

T h e follow ing ta b le  'is given  b y  M orres:

T a b l e  I I - - R e l a t i o n  b e t w e e n  A c i d i t y  a n d  A l c o h o l  P r e c i p i t a t i o n  i n  

M i l k

Acidity 
Degrees Soxhlet- Color of N a tu re  of precipitate N a tu re  of

H enkel alizarin w ith  68 per cent alcohol the  milk
7.0 Lilac-red N o precipitate N orm al and

8.0 Pink Very fine precipitate
fresh 

Beginning to

9.0 Brownish red Fine precipitate
sour 

Sourness in ­

10.0 Reddish brown Precip ita te
creasing 

Critical s ta te
11.0 Brown H eavy precipitate C oagulates on

12.0 Yellowish brown
boiling

Very heavy precip itate Coagulates on

14.0 Brownish yellow Very heavy precip itate
boiling 

Coagulates on

16.0 and above Yellow Very heavy precip itate
boiling 

Coagulates on
boiling

In  the in vestigation  m ade in this d ep artm en t the
reductase, peroxidase, and alcohol precip itation  re­
action s were em ployed; th e details of the m ethods are 
as follow s:

Reductase Reaction.— Schardingcr’s T e s t (F . M .): 
T w e n ty  cc. of m ilk are m ixed in a test tub e w ith 1 cc. 
of a solution contain ing 5 cc. of a satu rated  alcoholic 
solution of m ethylene blue and 5 cc. of 40 per cent 
form aldeh yde in 190 cc. of w ater. T h e conten ts of 
the tub e are covered w ith a laye r  of liquid petroleum  
to preven t access of air, and the tub e is then placed 
in  a w ater b ath  at a tem perature of 4 5 0 to  500 C. 
R a w  m ilk will decolorize th is reagen t in less th an  20 
m inutes; pasteurized  m ilk w ill ta k e  a longer tim e.

Schardinger Test (M ):  T h is is carried ou t in the 
sam e m anner as the F . M . reaction  excep t th a t the 
reagen t consists of 5 cc. alcoholic m ethylene blue solu­
tion  and 195 cc. of w ater.

Peroxidase Reaction.— (a) Rothenfusser’s Test:’’ D is­
solve x gram  of ¿-phen ylenediam ine hydrochloride 
in  15 cc. of w ater. D issolve 2 gram s of crystallized  
gu aiacol in 135 cc. of 96 per cent alcohol. M ix  these

1 Z . N ahr. Genussm., 21, 513.
i Z . dffent. Chem., 17, 441.
8 Z . landw. V e r s u c h 13, 292.
* Z . Nahr. Genussm., 21, 477.
5 Ibid., 22, 459.
« Ib id ., 5, 1113.
7 Milchwirtschl. Zentr., 6, 468.

solutions and keep in an am ber-colored bottle. To 
io  cc. of m ilk add 0.5 cc. of th e above reagent and 3 
drops of 3 per cent hydrogen dioxide. A  blue-violet 
coloration  is developed in  raw  m ilk and if the milk 
has been heated to  a sufficiently high temperature 
no color is produced. (b) The Benzidine Test:1 Dis­
solve 4 gram s of benzidine in  100 cc. of 96 per cent 
alcohol. T o  10 cc. of m ilk add 1 cc. of this reagent, 
3 drops of 30 per cen t acetic acid  and 2 cc. of 3 per cent 
hydrogen  dioxide; a blue coloration  is produced with 
raw  m ilk and none w ith m ilk heated  to  a sufficiently 
high tem perature.

Alcohol Precipitation Test: D issolve 0.3 gram of
alizarin  in one liter of 68 per cent alcohol (by volume). 
T o  a m easured q u a n tity  of m ilk in a test tube add an 
equal volum e of the reagen t and shake.

T h e follow ing experim ents were undertaken to de­
term ine th e influence of tim e and tem perature of 
pasteurization  upon these te sts .2 F iv e  one-pint 
portions of know n p u rity  raw  m ilk were gradually 
heated (rise of tem perature abou t 2 0 C . per minute) 
in  a w ater b ath  to  tem peratures of 60, 65, 70, 75 and 
800 C . T h e sam ples were held a t these temperatures 
for th ir ty  m inutes and portions rem oved every ten 
m inutes. P ortions were also rem oved when the 
tem perature reached 40° and 50°. A ll these portions 
were sub jected  to the Schardinger, Rothenfusser and 
benzidine reactions and upon a few , bacterial counts 
were m ade. T h e results, including th e examination 
of a sam ple of com m ercially  pasteurized  m ilk which 
h ad  been heated to  a tem peratu re of 63° C. and held 
there for 35 m inutes, are shown in  the follow ing tables:

T a b l e  I I I — S c h a r d i n g e r  T e s t  ( F .  M . ) .  T h e  F i g u r e s  S h o w  t h e  M i n u t e s  

R e q u i r e d  t o  D e c o l o r i z e  t h e  S o l u t i o n  

T im e held
Tem p, of 

milk 0 10 min. 20 min. 30 min. 35 min.
20°
40°
50°
60°

5
5
6

8 9 10
63°
65° 9 12K 16

—a
21

70° 12 20 85 —
75° 40 — — —
80° — — — —

a —  = no decolorization in several hours.

T a b l e  I V — B a c t e r i a  P e r  C c .

Tim e held
Tem p, of

milk 0 10 min. 20 min. 30 min.

20° 18,000
40° 180
50° 120
60° 60
65°
70° 40 30
75°
80° Spores only Sterile

Three id en tical sam ples of m ilk, pasteurized by 
being heated  to 63° and held there for 35 minutes, 

were obtained from  a m ilk con tractor. The sampleS 
were kept in the refrigerator and a new bottle o p e n e d  

1 Z . Nahr. Genussm., 16, 172.
5 This experim ental w ork was perform ed w ith  the  collaboration of ^ r* 

Lewis I. N urenberg, Asst. A nalyst of the  M ass. S ta te  Board of Health.
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T a b l e  V — R o t h b n f u s s e r  R e a c t i o n  

Tim e held
Temp, of 

milk 
2 0 °

40°
50°
60°
65°
70°
75°
80°

0
+
+a
+
+
+
+

10 min.

+
4*

fain t

20 min.

+
4*

*faint

30 1

4 *
4*

fain t

4 color produced. —  =  no  color produced. 

T a b l e  V I — B e n z i d i n e  R e a c t i o n

and th e alcohol precip itation  test, there does not 
appear to  be an exact parallelism . T his m ay be due 
to  the fa ct th a t p a steu rization  increases th e tim e of 
the M . as well as the F . M . reduction, and subsequent 
souring m a y not develop sufficient reductase to reduce 
m eth ylen e blue w ith in  one hour. T h e follow ing table 
has been prepared from  th e results of exam ination  of 
77 sam ples of m ilk, all of w hich reduced m ethylene blue 
and 48 of w hich gave p recip itates w ith  68 per cent 
alcohol:

T im e  h e ld T a b l e  V I I — R e l a t io n  b e t w e e n  A l c o h o l  P r e c ip i t a t io n  a n d  M . R e d u c -

T e m p , o f  *------------------ -----------------------N TASE

m ilk 0 10 m in . 2 0  m in . 3 0  m in . T im e  o f  r e d u c t io n  o f  m e th y le n e C o lo r  o f  p r e c i p i t a t e  w i th  6 8  p e r

2 0 ° + a b lu e c e n t  a lc o h o l  a n d  a l i z a r in

4 0 ° + 3 0  m in u te s  a n d  a b o v e N o  p r e c i p i t a t e
5 0 ° 25  m in u te s R e d d i s h  b r o w n  p r e c i p i t a te
6 0 ° +  • + + + 2 0  m in u te s B r o w n is h  r e d  p r e c i p i t a te
6 5 ° + + + 15 m in u te s B ro w n  p r e c i p i t a te
7 0 ° f a in t f a i n t v e r y  f a in t v e r y  f a in t 10 m in u te s B r o w n is h  y e llo w  p r e c i p i t a te
7 5 ° — a — — — 5 m in u te s  a n d  less Y e l lo w  p r e c i p i t a t e
8 0 ° — , — — —

a +  = c o lo r  p r o d u c e d . —  =  n o  c o lo r  p r o d u c e d . T h is shows th a t th e alcohol precip itation  m ethod

each day and tested.

F . M.

1st d a y   —
2nd day   —
3d d a y   10 min.

T h e results are g iven  below :

Benzidine R othenfusser 68 per cent 
te st te s t alcohol
fa in t +  n o p p t .

+  +  no ppt.
+  - f  no ppt.

From the above experim ents we m ay conclude th a t

is less sensitive in d etectin g old m ilk th an  th e M . 
reductase reaction, b u t it  is easier to perform , and if a 
precip itate is given, the sam ple no doubt is or has 
been high in bacteria.

T h e fo llow ing tables g iv e  the sta tistics of the ex­
am inations of m ilk during th e yea r ending F eb ru a ry  
28, 1913:

T a b l e  V I I I — S u m m a r y  o f  M i l k  S t a t i s t i c s

Month
1912

o «

1 1
£

March..............  270
April.................  281
M ay.................. 304
June.................. 341
July..................  275
August  295
September  311
October  397
N ovem ber.... 247
December  365
1913

January  276
February  250

E 1  3 OS

z
43
96

109
169
195
154
139
127
87
34

120
70

Jh
313
377
413
510
470
449
450 
524 
33.4 
399

396
320

Totals. 3612 1343 4955

«

f t c

H
a

* f t
E
a
tn

o  «
•a  *0

fi U

J  p S  E
U M
C/3 C/2

3 1
5

1 5
1 5
2 1
1 17

3
6 7

1 8
2 5

1 5
8

21 67

3 
6

19
29
25

4 
13
9

17
3

42
25

3
•eCJ
.a

ft
82
61
24
36

45
61
73
50
85

50
39

rs 
8 "
I I

ft
7 

16
5
8 
2 
3

10
8

12
6

7
5

• a  T3Cl V
I *

O E
*  s
S e. 
ü s. aÖ 5/1ft
0.3
1.3 
1.2  
1.0  

0.2  
3 .8

1.3
2 .4
1.5

1.3
2 .5

■3-2N 3

« n <3 O

ft
1.0
1.6
4 .6
5 .7  
5 .3  
0 .9  
2 .9
1.7 
5.1 
0 .9

10.6
7 .8

c »  
? « 
ft 
26.2 
16.2 
5 .8  
7.1 
1.5 

10.0
13.5 
13.9 
15.0 
21.3

12.6  
12.2

c ft o 3" 
o  S  T3 u

_ £
o 2 o j:

ifl 8ft
8 .5

26.2
20.8
22.2
28.6

6 .7
16.4
11.0
24 .0  

7.1

14.0 
12.8

ft
13.7
25.5
26 .4
33 .2
41.5
34.3
30 .9  
24.2 
26.1

8 .5

30 .6
21.9

> « 
3

S 8
1  Ö 
3 a m

18
34
25
16
23
39
28
29
12
2

20
10

S*of t  J3 tc o
3  JJ

— v ft O
5 H tí 3 ft

g S 3
2 u £ a
>> 2  > .  C
3  2 5 sij *3 4* 3
5 -  £ o  

o « 
bo ** to c
.5 a — o o 3 S 3

~ V V ft 3 ft 3
S 3  E 3

12
15
5
1

39
39
26

7
2

9
2

u. Q,u
ft
5 .8
9 .0
6.1 
3.1
4 .4  
8 .7  
5 .6
5 .5
3 .6  
0 .5

5 .3
3 .0

S o 
*3 *5

.N JS 
H .tí

o

4 .9
4 .9  
4 .2

14.5
11.1

1 .4
10.4
2.0

5.1

• o s  -a o

1 3  
-  ©

ft

195 613 89 1.4 3 .9 12.4 
cent fa t

14.5 27 .2  256 25 37 124 5 .2 4 .1

Ü *ft

2 .7 8 .7
3 .3 8 .6
0 .9 5 .0
0 .3 3 .6

0 .5

0 .3 2 .3
0.1 0.1

1.3 4 .3

■t is impossible to  d etect com m ercially  pasteurized 
milk by means of th e peroxidase reaction, b u t it can 
be detected w ith in  tw o  d a ys b y  th e Schardinger reac- 
tion. The im p ra ctica b ility  of the benzidine and 
Rothenfusser tests as applied  to  market^'milk is shown 
by the fact th a t b u t 7 ou t of a to ta l of 2470 sam ples 

M assachusetts m ark et m ilk ga v e  a reaction  for 
teated milk. Of these sam e sam ples, 348 were pas- 
Wurized according to th e Schardinger test which is 
morein accord w ith the conditions of the M assachusetts 
milk supply.

Although th e re  is a re la tio n  be tw een  th e  M . red u c tase

A  stu d y  of th e sum m ary of T a b les V I I I  and I X  shows 
th a t of 4 9 SS sam ples exam ined, 262 or 3.3 per cent 
were adulterated , 67 of w hich were skim m ed and 195 
contained added w ater. T en  hundred and eighty-on e 
or 21.6 per cen t of the to ta l sam ples were below  the 
legal stan dard  and could not be declared adulterated . 
Of the to ta l sam ples 613 or 12.4 per cent were found 
to  be pasteurized  according to the Schardinger F . M . 
reaction of which 89 or 14.5 per cent were below  the 
legal standard.

T h e com m ercial pasteurized  m ilk is as a rule pre­
pared on a large scale and represents m ixed m ilk
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5J P<

M onth J2
1912 °

M arch .......................................... 12.61
A pril................................................  12.68
M a y   .....................................  12.46
J u n e ................................................. 12.33
J u ly ..............................................  12.21
A ugust............................................ 12.34
Sep tem ber.....................................  12.46
O ctober..........................................  12.69
N ovem ber.....................................  12.65
D ecem ber......................................  12.94

1913
J a n u a ry .......................................... 12.45
F e b ru a ry .......................................  12.57

T o tals  and Averages.................. 12.56

rath er th an  m ilk from  ind ivid u al cows and therefore 
should a lw a ys be above the stan dard  unless for some 
unknow n reason an unusual am ount of low -grade m ilk 
w hich is produced on m an y of the farm s is run into the 
m ixer. T h e analyses of the sam ples of m ilk from  one 
of the m ilk corporations shows th a t  w ith the exception  
of those few  sam ples w hich for rem oval of cream  have 
resulted in prosecution, th e per cent of solids and of 
fa t  follow ed the seasonable variation  of m ilk for th a t 
y ea r  as shown b y  our average analysis of all th e good 
sam ples. In m any localities, how ever, sm all dealers 
b u y  m ilk from  these contractors to m ix w ith  th eir own 
su p p ly  which is insufficient to  su p p ly  their custom ers 
and w hich m ay be n atu ra lly  below  th e stan dard. 
A n other w a y  to accoun t for below  stan dard  p asteu r­
ized m ilk is th a t m any sm all dealers b u y  pasteurized  
m ilk and add w ater to  it, and others b u y  pasteurized  
skim m ed m ilk to m ix w ith  a high-grade wThole m ilk, 
th ereb y  producing below  stan dard  m ilk w hich w ould 
g ive  a reaction  for heated  m ilk and in which the 
adulteration  could n ot be detected  if sk ilfu lly  per­
form ed.

T h e pasteurized sam ples showed less variation  in 
solids and less adulteration  than  the to ta l m ilk. The 
variation  in solids of the to ta l, raw , and pasteurized  
sam ples is shown in T a b le  X  from  w hich it  m a y  be 
seen th a t the percentage of sam ples w ith  to ta l solids 
betw een 12.15 and 13 per cent is greatest in  pasteurized  
m ilk and least in raw  m ilk.

T here is a popular opinion prevailing th a t  th e large 
dealers are m anipulating their o u tp u t b y  adding 
skim m ed m ilk, th is opinion origin atin g, no doubt, from  
the fa c t th a t th is form  of ad u lteration 'cou ld  be carried 
out successfully if ju d iciou sly  perform ed. T h e figures 
in T ab le  I X  w ould indicate th a t th is opinion is wrong. 
T h e average m ilk free from  adulteration  had a to ta l 
solid conten t of 12.67 per cent and fat con ten t of 3.88 
per cent. T his was reduced to  12.56 per cent solids 
and 3.28 per cent fa t (the average of the to ta l m ilk 
sam ples) b y  the addition  of 0.39 per cent of w ater 
and the rem oval of 0.41 per cent of the cream  (calcu lated  
from  th e  com position of th e  average adulterated  
sam ple, 10.5 per cent solids, 2.6 per cent fa t repre-

I 1 i r
82 12.57 3 .72  8.85
60 12.43 3 .74  8.69
24 12.47 3 .7 8  8.69
30 12.47 3 .73  8.74

7 12.29 3 .66  S .63
45 12.88 4 .09  8.79
59 12.38 3.81 8.57
73 12.82 3 .95  8.87
50 12.69 3 .84  8.85
85 12.75 3 .90  8.85

49 12.59 3 .77  8.82
37 12.67 3 .80  8.87

601 12.62 3 .84  8.78

senting th e addition  of 10 per cent w ater and the re­
m oval of 23 per cen t of the fa t). T h e average of the 
pasteurized  m ilk is 12.62 per cent to ta l solids and 3.84 
per cen t fa t which is low er than  the average raw milk 
b y  0.06 in solids and 0.04 in fa t. T h is does not indicate 
w atering b u t m ay be accom plished b y  th e addition 
of 0.5 per cen t of skim m ed m ilk. It  does not seem 
feasib le th a t a large corporation  w ould  do this to such 
a sligh t exten t as the resulting profit of about 0.1 
per cent would no d ou b t be offset b y  the cost of manip­
ulation. T h a t the fa t  is low er in th e  average pasteur­
ized m ilk th a n  in the average raw  m ilk is probably 
due to  th e fa c t th a t  large dealers separate their cream 
as a rule from  m ilk of an u n u su ally  high fa t content, 
th ereb y  lea vin g  for the trade, m ilk of slightly  lower 
fa t  con ten t th a n  th e average.

T a b l e  X — V a r i a t i o n  i n  M i l k  S o l i d s
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T o ta l samples: <
V  "
a

a
«

O c
0  «

tî ^  
«  ~

v  r"‘ 
« p

i  *  
«

•3 ü 
P

N u m b e r.............. 66 257 1081 2366 1125 125 47 14 10
P er c e n t.............. 1 .3 5 .0 21.2 46.5 22.1 2 .5 0 .9 0.3 0.2

R aw  samples:
N u m b er.............. 59 235 963 2000 1048 110 42 12 9
P er cen t............ . 1 .3 5 .3 21.5 44 .6 23.4 2 .5 0 .9 0.3 0.2

Pasteurized samples:
N u m b er.............. 7 22 118 366 77 15 5 2 1
P er cen t.............. 1.1 3 .6 19.3 59.7 12.5 2 .5 0 .8 0.3 0.2

T h e sale of pasteurized  m ilk is increasing, and not­
w ith stan d in g th a t som e authorities declare pasteurized 
m ilk inferior to raw  m ilk in m an y respects, it s e e m s  that 
p asteu rization  is the on ly  solution  of the problem of 
furnishing the pu b lic  in large cities w ith a wholesome 
su p p ly  of m ilk. T hese cities are so rem ote from the 
source of production  th a t  th e m ilk is often 72 hours 
old before it  is delivered  to  the consum er. In the 
localities w here p asteurized  m ilk is sold, about 18 
per cen t of th e  sam ples collected  were found to be 
pasteurized  and in th e area of greater Boston 621 
sam ples were collected  in B oston, Brookline, Cam­
bridge, Chelsea, E v e re tt , M alden , M ilton, Newton, 
R evere, and Som erville of w hich 211 or 3 4  Per cent

T a b l e  I X — Q u a l i t y  o f  A v e r a g e  M i l k

Average of sam ples no t Average of raw  sam ples not Average of pasteurized sample
Average of all samples declared skim m ed or w atered declared skim m ed or w atered no t declared skim m ed or watered

a a rt a a a
0 0 1 tj u 1
u O ~ u w

uV Ck 0 a * 51 V uu £ 0c*
2 a
> 0J3 * vi -0 v) ua .*2 •O 0 ."2 *0

a
z *0'Ji F

at O ^72
a
£ 0tu £

u: Pu 0
C/3

306 12.66 3 .8 0 "8 .86 224 12.68 3 .82 8 .86
366 12.74 3 .90 8.84 306 12.82 3 .95 8.87
388 12.67 3 .94 8.73 364 12.68 3 .94 8 .74
475 12.42 3 .78 8 .64 445 12.42 3.78 8 .64
442 12.33 3.77 8 .5 6 435 12.33 3 .77 8 .56
427 12.71 3 .9 1 . 8 .8 0 382 12.68 3 .89 8 .79
434 12.54 3.83 8.71 375 12.58 3.82 8 .76
502 12.77 3.91 8 .86 429 12.76 3 .89 8.87
308 12.81 3 .96 8.85 258 12.83 3.97 8.86
389 12.99 3 .99 9.00 304 13.05 4.01 9 .04

348 12.75 3 .9 4 8.81 299 12.78 3 .97 8.81
287 12.76 3 .89 8.87 250 12.77 3.91 8 .86

4672 12.67 3.88 8.79 4071 12.68 3 .88 8 .80

? **u •

3 .7 6  8.85
3 .8 6  8 .82
3 .8 6  8 .60
3 .73  8 .60
3 .7 2  8 .49
3 .7 6  8 .58
3 .77  8.69
3 .8 4  8.85
3 .87  8 .78
3 .9 4  9 .00

3 .82 8 .63
3 .8 0  8 .77

3 .8 2  8 .74
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were pasteurized. T h is is, no d ou b t, below th e true 
figure on accou n t of the fa ct th a t the sam ples are taken  
uniformly from  th e different dealers and n ot in pro­
portion to the size of their routes; the dealers selling 
the most m ilk are w ith ou t doubt those who sell the 
pasteurized m ilk, while th e m an w ith  th e sm all route 
generally sells raw  m ilk.

The num ber of ad u lterated  sam ples are about the 
same as found in past years. T h e lab o rato ry  records 
would indicate th a t there is m ore w atering done b y  
the producer and m ore skim m ing is practiced  b y  the 
small retailer. T h e adulteration  of m ilk is not as a 
rule carried on b y  th e sam e men. W e m ake b u t few  
complaints in court alleging a second offense, for after 
one prosecution th e con victed  person either ceases 
the adulteration , or else goes out of the business. T he 
actual m arket conditions are b ette r  in this respect 
than our figures show  because we collect such a large 
number of sam ples from  suspected  persons. No doubt 
less than 2 per cent of our m ilk su p p ly  is sub ject to 
adulteration.

The alcohol p recip itation  test showed th a t 5.2 per 
cent of the to ta l sam ples and 4.1 per cent of th e pasteur­
ized sam ples were sufficien tly  old when th e y  reached 
the lab oratory  to  curdle on boiling. T h e results of 
the M. reductase test showed th a t 5.6 per cent of the 
samples collected  during seven m onths were too old 
to use as food when th e y  reached th e lab oratory. If 
these sam ples could h ave been tested  at the tim e of 
taking,' the figures w ould h a ve  been low er during the 
summer m onths b u t not m uch difference could have 
been expected during cold w eather. T h e pasteurized 
samples were b ette r  in th is respect than  the raw  sam ­
ples. These figures are higher th a n  would be consistent 
with a th o rou gh ly  h ygien ic  m ilk su p p ly  for if 94 per 
cent of the sam ples reached the lab o rato ry  in good 
condition the other 6 per cent collected  at the same 
time would h ave done so if fresh. A n exam ple of ve ry  
old milk was shown' in th e sam ples furnished to a con­
tractor, w hich were n early  sour when th e y  reached the 
laboratory, abou t tw o  hours a fter being delivered by 
the producer. I t  is fo rtu n ate  th a t these conditions 
are unusual or it w ould be im possible for th e consumers 
in congested d istricts to  obtain  a n y  sw eet m ilk.

SU M M A R Y

i- It is possible to  d etect com m ercial pasteurized 
milk by the Sch ardin ger reaction  b u t not b y  the per­
oxidase reaction.

2. The am o u n t of p as teu riz ed  m ilk on th e  m a rk e t 
>s greatest in  th e  la rge d is tric ts .

3- The average q u a lity  of th e  m ilk  is considerab ly  
above the  legal s ta n d a rd .

4- The average q u a lity  of th e pasteurized  m ilk is 
very slightly below th a t of th e raw  m ilk b u t th is does 
not appear to  be due to adulteration .

5- P asteurized  m ilk show s less flu c tu a tio n  in  com ­
position th a n  raw  m ilk, a n d  th e  p ercen tage  of sam ples 
•below s ta n d a rd  is less of th e  form er.

6- Fresh m ilk  will n o t coagu la te  w ith  an  equal 
'olume of 68 p er ce n t alcohol.

7- N inety-four per cen t of th e  sam ples delivered

at th e lab o rato ry  gave reactions for fresh m ilk; the 
balance w as too old for use as fresh m ilk.

I wish to ackn ow ledge m y indebtedness to m y as­
sistan t M r. Lew is I. N urenberg for collaboration  in 
th e expérim ental and routine w ork, and to  M r. H enry 
N. Jones for m akin g the bacteria l counts.

L a b o r a t o r y  o f  F o o d  a n d  D r u g  I n s p e c t i o n  

M a s s  S t a t e  B o a r d  o f  H e a l t h  

B o s t o n

T H E  D E T E C T IO N  O F  G E L A T IN  IN  S O U R  C R E A M
B y  A r m in  S e id e n b e r g  

R e c e iv e d  A u g u s t  4 , 1913

T h e usual m ethod for th e detection  of gelatin  in 
food products such as m ilk or cream  and th a t adopted  
provision ally  b y  the U n ited  S tates D ep artm en t of 
A g ricu ltu re1 consists' in th e rem oval of th e proteids 
w ith  acid  m ercuric n itrate  and the precipitation  of 
the gelatin  in the filtrate  w ith picric acid. It , how ever, 
has been freq u en tly  noticed th a t  a sw eet cream  which 
gave no p recip itate w ith picric acid  w ould, a fter souring, 
show quite a perceptible tu rb id ity  on its addition, often 
h ea v y  enough to lead to th e assum ption th a t gelatin  was 
present. I t  seem s m ost probable th a t th is is due to  pro­
tein  decom position products not precip itated  b y  th e acid 
m ercuric n itrate. G. E . P atrick , in an address on 
“ T h e D etection  of T hickeners in Ice C ream ,2 m ade 
before the 24th A n nual C on ven tion  of Official A g ri­
cu ltu ral Chem ists, speaks of w h at is p ro b ab ly  the sam e 
or a v e ry  sim ilar decom position  product, often found 
in ice cream  after it  has soured. He is n ot certain  
as to  the exact n ature of th is substance, b u t believes 
it to be due to  th e action  of bacteria. H e finds th a t 
th is “ pseudo-gelatin ,”  as he calls it, form s a p recip i­
ta te  w ith  picric acid  sim ilar to  th a t form ed b y  gelatin  
under the sam e conditions and m entions th a t there 
is no m ethod know n for d istinguishing the one from  
the other. H is suggestion, th a t  form aldeh yde be added 
in the lab o rato ry  to  preven t th e  b acteria l action  which 
produces th is decom position product, is of course 
not applicable to  cream s received  sour.

T h e picric acid p recip itate  from  th e sour cream  is 
flocculent, resem bling A l(O H )3 in form  and settles 
quite rap id ly , while th a t due to  gelatin  is sm all and 
granular, m uch like B aS O j in form , settles v e ry  slow ly  
and on shaking th e test tu b e th o rou gh ly  will coalesce 
in large lum ps leavin g the solution alm ost clear. W hile 
these differences are quite well defined, th e large n um ­
ber of sour cream  sam ples received  in th is lab o rato ry  
m ade a m ethod leavin g less room  for doubt, in the 
detection  of even sm all am ounts of gelatin , v e ry  de­
sirable. A fter som e experim enting I found th a t 
there w as a sharp ly defined difference betw een the 
solubilities of the tw o  p recip itates in hot, neutral 
w ater. W hile both  precip itates are soluble on heatin g 
in sligh tly  acid  solutions, on ly th e gelatin  p icrate is 
soluble in hot, n eutral w ater alone. T h e picric acid 
precip itate from  the sour cream  is seem ingly en tirely  
insoluble in hot w ater, after all the picric or other 
acid  has been rem oved.

T o  10 cc. of th e cream  are added an equal volum e

i U. S. D ept. Agr., Bull. 107 (rev.), p. 121.
* U. S. D ept. Agr., Bull. 116, p. 24.
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of acid m ercuric n itrate, the m ixture shaken, 20 cc. 
of w ater added, again  shaken and filtered a fter 5 m in­
utes. T o  the filtrate  an equal volum e of picric acid 
is added when if gelatin  or the soluble decom position 
products from  the. sour cream  are present, a p recip itate 
is form ed. T h is is the m ethod m entioned in Bulletin  
107 of th e U. S. D ep t, of A gricu lture.

In order, defin itely, to determ ine the n ature of this 
p recip itate, proceed as follow s: C ork  test tub e which
should be a large one, and shake v e ry  th o rou gh ly . 
In  th is w a y  the gelatin  picrate w ill coalesce and filtra ­
tion  be m uch m ore rapid. If  possible allow  to  stand 
for some tim e after shakin g; m ost of the liquid can then 
be siphoned off. T h e p recip itate  after being brought 
on to  the filter is w ashed w ith  w ater contain ing tw o 
to three drops of am m onium  h ydroxide to  100 cc. 
un til th e w ashings are sligh tly  alkaline to litm us, 
and then  w ith n eutral w ater until th e w ashings are 
n eutral to litm us. T h is w ill rem ove all excess of 
picric acid. T h e precip itate is then tran sferred  to 
a sm all beaker and 10 to 20 cc. distilled w ater added 
and heated to boiling. If th e p recip itate is v e ry  sm all 
in am ount it  need n ot be taken  from  the filter paper, 
b u t both  can be boiled together.

F ilter  hot into a test tub e. T h e filtrate  w ill contain  
th e gelatin  p icrate b u t n ot th e p recip itate derived  
from  the proteids in the sour cream . Cool th is filtrate 
and add an equal volum e of picric acid, when, if gelatin  
w as present in the original cream , a decided p recip itate 
w ill be form ed. W hen large am ounts of gelatin  are 
present the solution m ay becom e tu rb id  on m erely 
cooling.

In  order to  determ ine the d elicacy  of th is m ethod, 
25 cc. of a 1 per cent solution of ge latin  containing 
0.25 gram  of gelatin  were added to 50 gram s of sour 
cream . T h e sour cream  th u s contained on ly  0.5 
per cent of gelatin , which had little  th ickenin g effect 
on it. B y  using 20 to 25 cc. of this cream  instead of 
10 cc. as ab ove th e  presence of th e gelatin  could be 
determ ined w ith  certa in ty . T h e above m ethod has 
been in use in  this lab o rato ry  for som e tim e and has 
been found to  w ork satisfactorily , provided  th e con­
ditions described are obtained. E ven  sm aller q u an ti­
ties of gelatin  than  th is can, of course, be d etected  b y  
using a larger am ount of th e original sam ple.

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

D e p a r t m e n t  o f  H e a l t h  

N e w  Y o r k  C i t y

A  S T U D Y  O F T H E  C O M P O S IT IO N  O F C ID E R  V IN E G A R S  
M A D E  B Y  T H E  G E N E R A T O R  P R O C E S S

B y L . M . T o l m a n  a n d  E .  H. G o o d n o w  

Received August 18, 1913

W hen an in vestigation  of th e com position of cider 
v in egar w as un dertaken  b y  the B ureau of C h em istry  
abou t four years ago, a stu d y  of the literature on the 
su b ject showed th a t th e existing d a ta  were com posed 
alm ost exclu sively  of analyses of vin egars m ade b y  
th e  old barrel process. T h e a u th en tic ity  of the tw o 
or three sam ples of generator vin egars reported was 
not beyond question because of the extrem e d ifficu lty  
of ob tainin g true sam ples of such vin egar. T here 
w as p ra ctica lly  no a n a lytica l basis on w hich th e p u rity

of a g iven  cider vin egar could be determ ined, and only 
the m ost ob vious adulteration s or substitutions could 
be d etected  w ith  certa in ty . A p p a re n tly  authentic 
cider vin egars were reported  as contain ing amounts 
of solids v a ry in g  from  1.18 to  8.00 per cent of ash from 
0.19 to  0.57 per cent w ith  the other constituents in 
the sam e general proportions. A  review  of the ex­
ten sive d a ta  on ferm ented ciders, how ever, showed 
no such wide variation s in com position, and plainly 
indicated  th a t this m arked difference in the 
com position of cider vin egars w as due not 
to a sim ilar difference in the com position of the raw 
m aterial, b u t rath er to  the m ethod of manufacture. 
A s a new and scien tifically  controlled  process of manu­
fa ctu re  had becom e w idely established, and was the 
source of p ra ctica lly  all of th e “ com m ercial”  cider 
vin egar on th e m arket, it  seem ed probable that the 
p roduct prepared b y  th is process m ight differ percep­
t ib ly  from  the “ b arre l”  vin egars, and this study was 
projected  w ith  this idea in view .

T h e essential differences betw een  th e barrel method 
and the generator m ethod of m aking cider vinegar 
will be apparen t from  a brief description  of these pro­
cesses. T h e conversion  of apple ju ice  into vinegar 
in the barrel w as, un til recent tim es, the generally 
accep ted  m ethod in  th is coun try. A lth ough  no longer 
used for th e prep aration  of cid erv in egar in large amounts 
on a com m ercial scale, it  is still v e ry  large ly  employed 
on th e farm  as th e source of th e fa m ily  supply. The 
general procedure is as follow s: T h e ju ice expressed
from  th e apples is allow ed to ferm en t in a barrel, usually 
of 40 to  50 gallons ’c a p acity , u n til practically  all of 
th e sugar has been changed into alcohol, and the re­
su ltin g hard cider stored in som e dark place, fre­
q u en tly  a cellar, w here the form ation  of acetic acid 
ta k es  place gra d u ally . U nder th e  m ost favorable 
conditions th e conversion  into  v in egar is slow. The 
long period of storage required gives opportunity for 
infection  b y  harm ful organism s, w ith  th e development 
of m al-ferm entations, w hich freq u en tly  change the 
ch aracter and com position  of th e p roduct to a marked 
degree. T h e conditions of storage, temperature, 
cleanliness of th e barrel and surroundings are factors 
entering larg e ly  into  th e q u a lity  of th e  finished vinegar. 
T h e sim p licity  of th e m ethod as regards m echanical 

features is more th an  offset b y  th e disadvantages of 
an un con trolled  acetification .

T h e rap id  or generator process is carried on in this 
c o u n try  in a v e ry  uniform  p ractice  which may be 
outlin ed as follow s: L arge q u an tities of apples are
pressed and th e ju ice  collected  in tan ks, holding from 
200 to  1,000 barrels w here it  is allow ed to ferment until 
th e sugar is alm ost com p letely  rem oved. It  is obvious 
th a t th is alcoholic ferm en tation  on a large scale in 
con trast to  th e  ferm en tation  on a sm all scale in the 
barrel, tends to produce a uniform  product. I he 
h ard  cider th u s obtained  is run over the generators, 
w hich consist of u p righ t cylin drical tan k s filled wit 
beech shavin gs, corn-cobs, rattan , or some similar 
porous m aterial sa tu rated  w ith  strong vinegar. The 
alcohol is con verted  alm ost im m ediately  into acetic 
acid. T h e entire process is under exact control, an
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can be com pleted in a v e ry  short tim e com pared w ith from  th e generators, th u s p ra ctica lly  establishing a
the old m ethod. T here is p ra ctica lly  no op p ortu n ity  chem ical control of the m anufacture. T h e am ounts
for m al-ferm entations to  develop and their occurrence of cider and vin egar used for the feed were carefu lly
would be readily  detected. F u lly  90 per cent of th e m easured so th a t its com position could be accu rate ly
cider vin egar m ade on a com m ercial scale in the U nited  calcu lated .' B y  carryin g th is experim ent over a period
States is m an ufactured  b y  th is generator process. of abou t tw o m onths and running som e 40,000 gallons

It was im possible to  establish a fa ir standard for of cider over the generators, som e in terestin g and con-
judging the p u rity  of generator vin egars on the basis elusive figures were obtained.
of the existin g a n a lytica l d ata  on barrel vinegars. A t  th e beginning of th is experim ental run the shav-
Before such a stan dard  could be established some d ata  ings in the generators were satu rated  w ith  vin egar
with reference to th e  com position of generator vinegars m ade from  the cider used in the previous run ju st com-
must be a vailab le  and th e changes ta k in g  place during pleted. B efore v in egar represen tative of th e new  ta n k
this m ethod of acetification  clearly  understood. of cider could be obtained, it was, therefore, neces-

T a b e e  I— A n a ly se s  o f  C id e rs  a n d  V in e g a rs  fro m  T a n k s  1 a n d  2
p g g S s  2 e  ii ,-s .a .a ¡2 s h
3 ~  'S i  8 « “ ■ i n g j g u u  a  a
1  a -Op -s 2 S fc g 2 “ “ E “ 3 I

«1 " «  3 2 0  =• > § s =  2 °  = g |a to «- ” y, ~  ~ ~  o r n 5
<N £  ^  S . 5 °  g & • O S o . g 75 £ « & c c— ** c ~ « ft 2 °  « o U ~c cL ~ c. •*
2 I °  -S « o ? « « g  n £ u 2 « * *C ?  « c 8 .

C id e r  a n d  V in e g a r  *o . °  w §  = ’5  — 13 B ~ E u  «  b  o  u
Tank 1: 2  ■§ S 2  "  3  1  8  3  ^ d I  -5 S -3 2 -e S 3 8  8 8

r m P s . « i  ^  o u o - a - o °  o a  S O  „ a ,  g 2

F irst day 's  r u n ............................  Jan . 18 7 .9  3 .05    0 .57  2 .48  0 .3 4  3 9 .0  0 .4 8  0 .15  13.7 0.153 0.31
Eighth day 's  r u n .......................  Jan . 25 7 .8  3 .0 9    0 .58  2.51 0 .35  39 .8  0 .5 0  0 .1 8  13.9 0 .156  0 .29
Eleventh day 's  r u n ...................  Jan . 29 7 .8  3 .09    0 .58  2.51 0 .35  39 .2  0 .48  0 .17  13.9 0 .158  0.31
Fourteenth  d ay 's  r u n ............... Feb. 1 7 .8  3 .07    0 .57  2 .50  0 .3 4  3 8 .6  0 .4 6  0 .19  13.6 0.165 0 .30

Vinegar from previous run  used
to s ta r t th is  tank , generated  Jan . 17 0 .3 8  2 .45  0 .69  0 .43  2 .02  0 .3 4  3 5 .6  5 .75  0 .0 4  16.8 0 176 0 27

V IN E G A R :
First day 's  d r ip ..........................  Jan . 18 0 .4 0  2 .48  0 .58  0.41 2 .07  0 .3 4  3 6 .4  5 .73  0 .04  16.4 0 .179  0 .28
Third day 's  d r ip ......................... Jan . 20 0.41 2 .56  0 .59  0.41 2 .09  0 .34  3 6 .8  5 .72  0 .05  16.2 0 .176  0 .27
Sixth d a y ’s d r ip .........................  Jan . 23 0 .45  2 .5 4  0 .63  0 .45  2 .09  0 .33  3 7 .6  5.71 0 .05  15.8 0 .180  0 .29-
E ighth day 's  d r ip ......................  J an . 25 0 .4 0  2 .59  0 .68  0 .48  2.11 0 .34  3 6 .8  5.91 0 .05  16.1 0.181 0 .28
Tenth day 's  d r ip ........................ Jan . 27 0 .4 6  2 .7 0  0 .7 0  0 .50  2 .2 0  0 .33  3 7 .4  5 .85  0 .0 6  15.5 0 .180  0 .27
T hirteenth  d a y ’s d r ip ..............  Jan . 30 0 .4 6  2 .7 6  0 .70  0 .52  2 .24  0 .33  3 6 .6  5 .7 6  0 .0 6  14.7 0.195 0 .29
Sixteenth d ay 's  d r ip .................  Feb. 2 0 .42  2 .79  0 .74  0.55 2 .25  0 .34  37 .2  5 .7 6  0 .07  15.1 . . .  0 28

Tank 2:
CIDER:

First day 's  r u n ...........................  Feb . 3 7 .75  2 .78    0 .37  2.41 0 .35  38 .4  0 .5 0  0 .1 9  14.5 0 .120  0 .3 0
Ninth day 's  r u n .........................  Feb . 11 7 .7  2 .76    0 .3 6  2 .40  0 .35  3 6 .8  0 .48  0 .2 0  14.6 0.111 0.31
Fourteenth day 's  r u n ............... Feb. 16 7 .6  2 .73    0 .35  2 .38  0 .35  3 6 .6  0 .4 8  0 .2 0  14.4 0 .114  0.31
Seventeenth d ay 's  r u n   Feb. 19 7 .6  2 .72    0 .33  2 .39  0 .38  3 9 .6  0 .5 2  0 .2 2  13.8 0 .118  0 .29

V IN E G AR :
Second day 's  d r ip ...................... Feb. 4 0 .43  2.81 0 .77  0 .56  2 .25  0 .35  3 7 .2  5 .7 4  0 .08  15.5 0.183 0 .28
Eighth day 's  d r ip ......................  Feb . 10 0 .43  2 .79  0 .73  0 .53  2 .2 6  0 .36  3 8 .4  5 .8 0  0 .07  15.9 0.175 0 .28
Thirteenth d ay 's  d r ip ..............  Feb. 15 0 .4 0  2 .80  0 .72  0 .53  2 .27  0 .3 6  3 8 .8  5 .9 8  0 .06  15.9 0 .178  0 .2 9
Seventeenth d ay 's  d r ip   Feb. 19 0 .37  2 .78  0 .72  0 .52  2 .2 6  0 .35  3 8 .4  6 .02  0 .07  15.5 0.172 0 .29

Vinegar made from following tank  Feb. 27 0 .35  2 .69  0 .69  0 .49  2 .20  0 .33  3 8 .4  6 .02  0 .07  15.0 0.161 0.27

Accordingly, arran gem en ts were m ade w ith a favor- sary  th a t this vin egar should be com pletely  displaced,
ably situated  cider v in egar fa cto ry  where the so-called A s 3 or 4 barrels of vin egar were held absorbed in the

single-run”  generator system  w as used. In this packin g m aterial of each of th e generators, several
system the cider is m ixed w ith  a sligh tly  larger q u an tity  d ays w ould be required before such displacem ent w ould
of strong vin egar to  reduce th e alcoholic content of norm ally occur. A n other fa cto r which w ould retard
the feed to such an exten t th a t  a single passage through the securing of a vin egar characteristic  of th is ta n k
the generator w ould com p letely  con vert the alcohol of cider la y  in the m ethod of feeding th e generators,
in the m ixture into  acetic  acid. T h is fa cto ry  was so T h e cider stock w as not fed “ stra ig h t,”  b u t instead
arranged th a t all of th e 60 generators in operation were first m ixed w ith  a sligh tly  larger volum e of vin egar,
fed from a cen tral su p p ly  ta n k  system  and all of th e For th e first d a y ’s feed, Jan u ary  18, vin egar from  the
finished vin egar w as collected  in one central receivin g drip of Jan u ary 17 w as used for th is “ m ixing b a c k ,”
tank. Thus b y  determ in ing th e com position of the and each d a y  the vin egar for th is purpose w as taken
cider and vin egar w hich were m ixed to  sup ply  the gen- from  th e drip of the preceding d ay. W ith  th is system ,
erators, and fin ally  of the vin egars produced, th e changes it  can readily  be seen th a t considerable tim e m ust
taking place during th e conversion  of cider into vin egar elapse before th e v in egar dripping from  th e generators
could be closely follow ed. would be characteristic  of the cider stock  being fed,

In a small lab o rato ry  established at th e fa cto ry , cer- especially if  there was m uch difference in th e com po-
tain determ inations, such as solids, ash, sugar, acid ity , sition of the cider stock  and of th e v in egar from  the
alcohol and color, were m ade. E ach  d ay  sam ples previous tank.
were taken of th e cider, of th e  vin egar used to  m ix In  the preceding ta b le  a sufficient num ber of analyses
back for the feed and of th e finished vin egar com ing of the ciders and vinegars ta k en  at in tervals  during
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the running of T a n k s 1 and 2 has been given  to  show 
the changes in com position observed. E ach  tan k  
contained abou t 20,000 gallons of cider w hich w as 
p ra ctica lly  of constan t com position from  th e first 
pum pings to th e last, so th a t for the purpose of com pari­
son a slight variation  need not be considered.

A lth ough  th e vinegar produced on the first d ay of 
th e experim ental run, Jan u ary  18th, did not differ 
p ercep tib ly  from  th a t of the previous day, decided 
changes were noted as the operations continued. 
T h e to ta l a cid ity  showed a good average yield  of acid 
and rem ained n early  constan t for the entire period, 
v a ry in g  on ly  0.3 gram  during the run of the tw o  tanks. 
Less than  0.5 per cent alcohol rem ained un con verted  
in the finished vin egar com ing from  the generators.

T he fixed acids are n oticeab ly  affected  b y  the a cé ti­
fication process. T he cider of T a n k  1 contained abou t
0.15 gram  fixed acids and the vin egars m ixed b ack  for 
the feed 0.04 gram , so th a t the feed had a fixed acid 
conten t of abou t 0.10 gram . T he vin egar com ing from  
the generators contained 0.04 gram  fixed acids, and, 
although the am ount increased to 0.08 gram  as the run 
progressed, due to a sim ilar proportional increase 
in the fixed acid conten t of the cider, there w as a loss 
of ap p roxim ately  60 per cent in the generators. T his 
elim ination of fixed acids during th e acétification  pro­
cess is shown grap h ically  b y  the curves in F ig. 1.

F i g . 1— V a r ia t io n s  o f  F ix e d  A c id s , P e n t o s a n s , a n d  G l y c e r o l  d u r in g  
C o n v e r s io n  o f  C id e r  in t o  V in e g a r

There appears to  be a v e ry  uniform  and constan t loss 
during acétification. In this respect the generator 
m ethod produces effects sim ilar to th e barrel process, 
in w hich the fixed acids gra d u ally  disappear during 
th e conversion of the cider into vin egar. A s th e sw eet 
cider p ro b ab ly  contained from  0 .3  to 0 . 4  gram  of fixed 
acids, it  is apparent th a t the loss of fixed acids in both 
the alcoholic and acetic ferm en tations is v e ry  large.

T h e m ost n otable change w as in th e con ten t of solids. 
T h e first d a y ’s drip showed 2 .4 8  gram s while th e feed 
had 2 .7 2  gram s, calcu lated  from  th e  proportions of 
carefu lly  m easured cider and vin egar used, and the 
cider itself 3 . 0 5  gram s. T hus th e vin egar com ing from  
the generator contained 0 . 2 4  gram  less solids th an  the 
feed  running onto the generator, and 0 .5 7  gram  less 
th a n  the cider stock. T his apparent reduction  of

solids in th e generator during the acétification  process’ 
is readily  accoun ted  for when the m echanical features 
of th e process are ta k en  into  consideration. In each 
of the 60 generators a t least 200 gallons of vinegar 
were held in th e shavin gs, m aking approxim ately
12,000 gallons of v in egar in the# series of generators 
a t th e start. T o  each generator ev ery  d a y  were fed 
40 gallons of m ix, contain ing ap p roxim ately  18 gallons 
of cider. T h e vin egar of this m ix had practically  the 
sam e com position as the v in egar in the generators, 
th e v in egar from  the previous d a y ’s drip being used 
for m akin g up th e feed. T h u s each d a y  a 40-gallon

F i g .  2— C u r v e s  f o r  S o l i d s  a n d  N o n - S u g a r s

feed contain ing on ly  18 gallons of th e cider was run 
in to  a t least 2 0 0  gallons of v in egar in the g e n e r a to r ,  
and 4 0  gallons of th is m ixture dripped out. C o n s e ­
q u en tly  on ly  a slight change in th e com position of th e  
vin eg ar d rip pin g from  th e gen erator could be e x p e c t «  
from  d ay to  d a y , because of th e com paratively  sma 
vo lu m e of the cider fed. W hen it is borne in min 
th a t there were b u t 2 0 , 0 0 0  gallons of cider in T a n k  1
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and a t least 12,000 gallons of vin egar to be displaced 
in the generators before a vin egar tru ly  characteristic  
of this cider could be obtained, besides the retarding 
effect of m ixing b ack  each d a y  w ith a more than equal 
amount of vin egar from  the drip, it  is evident th a t 
the changes observed m ust be gradual. T h a t such 
was the case is shown b y  th e analyses given  in T ab le  I 
and the curves in F ig. 2.

It will be noted th a t  the solids in the vin egar showed 
an alm ost uniform  d aily  increase, grad u ally  approach­
ing the solids con ten t of th e cider. A t  the end of 17 
days’ run on this ta n k , when th e last of the cider had 
been fed on, the v in egar of the drip contained 2.79 
grams solids, an increase of 0.31 gram  during the run 
of this ta n k , or an average increase of n early  0.02 gram  
per day.

The follow ing ta n k  of cider w as m uch lower than the 
first in solids, h avin g a con ten t of 2.78 gram s. The 
vinegar dripping from  the generators contained 2.81 
grams solids and the m ix for the first d a y  of the run, 
February 3, 2.78 gram s. T hus at' the beginning of 
the run of this tan k  the solids con ten t of the mix being 
fed to the generators w as p ra ctica lly  identical w ith both 
that of the v in egar soaked in th e shavings, and the 
cider stock  being used, in sharp con trast w ith the wide 
differences noted at th e  sta rt of th e run of T a n k  1. 
Were there a n y  appreciable loss of solids in the genera­
tor during the acetification  process, it  would be plainly 
apparent under these conditions.

From the analyses g iven  in T a b le  I and the curves 
in Fig. 2, it  will be noted th a t the solids content of 
the vinegar w as alm ost constan t during the run of 
this tank, and v e ry  s ligh tly  in excess of the solids in 
the mix, showing con clu sively  th a t  there is no apprecia­
ble loss of solids in the generation  of vin egar b y  this 
method. T he variation s observed in the running of 
Tank 1 were due m ain ly to  th e lag caused b y  the mixing 
back w ith vin egar of a different com position and b y 
the large am ount of vin egar of a different com position 
in the generators when the experim ent began. The 
results indicate th a t  if T a n k  1 had been m uch larger, 
containing perhaps 40,000 gallons, and the experim ent 
could have been continued for tw o  weeks longer, a 
vinegar of p ra ctica lly  the sam e com position as the cider 
would have com e from  the generator. T his is shown 
clearly b y  the curves for th e solids in F ig. 2. In 
the case of T a n k  1, where the solids of the cider and 
of the vin egar soaked in the generator, varied  w idely, 
there is a decided rise in th e curves for both vinegar 
and mix, these tw o  curves approaching each other. 
In the case of T a n k  2, in which the solids of the cider 
and the vinegar retained in the generators were prac­
tically the sam e, the curves show no appreciable change 
during acetification.

The variation s in the non-sugar solids during aceti­
fication were sim ilar to  those a lread y noted in case of 
the total solids. T h e cider of T a n k  1 had a non­
sugar content of 2.48 gram s, while the vin egar from  
.the previous d a y ’s drip and th e vin egar which was 
absorbed in the filling m aterial of the generator con­
tained only 2.02 gram s of non-sugars, and the m ixture 
°f cider and vin egar run onto the generators con­

tained 2.22 gram s. T h u s at the beginning of the ex­
perim ental run the vin egar com ing from  the generator 
and retained in the generator contained abou t 0.2 
gram  non-sugars less th an  the mix fed to  the genera­
tors and 0.46 gram  less than  the non-sugar solids in 
the cider. A s the run progressed the non-sugars 
in the finished vin egar increased grad u ally , as will 
be seen from  the curves in Fig. 2, approaching the 
am ount present in th e feed; b u t th is increase is not 
quite as rapid as th6 increase in th e to ta l solids.

In the case of T a n k  2, the non-sugar conten t of the 
cider was 2.41 gram s, and th a t of the vin egar com ing 
from  the generator 2.25 gram s, so th a t the m ixture 
of the tw o going onto the generator contained 2.33 
gram s. D urin g the run the non-sugar solids in the 
drip increased v e ry  sligh tly , the vin egar containing 
2.26 gram s a t the end of the run or on ly  abou t 0.05 
gram  less than  the mix being fed on, b u t it is probable 
th a t this slight loss is more apparent than  real. T he 
non-sugars are the resu ltan t of the difference betw een 
the to ta l solids and the to ta l sugars, calcu lated  as in ­
vert sugar, and an y error in th e determ ination  of either 
of these constituen ts would affect the result for the 
non-sugars. T h e to ta l sugars are determ ined after 
inversion b y  their reducin g pow er on Fehling solution. 
T here is present in cider vin egars a substance form ed 
during the acetification  which reduces alkalin e copper 
solutions, and th us interferes w ith  the estim ation  of 
the sugars b y  th e usual reduction  m ethod. A tten tio n  
was called to  the presence of th is substance b y  M r. 
B alcom , associate referee on vin egar, in his report to 
the A ssociation  of Official A g ricu ltu ral Chem ists. 
I t  was, of course, n ecessary to  m odify the m ethod for 
determ ining the sugars to elim inate the reducin g effect 
of this substance, which w as easily  accom plished as 
it is vo latile  and readily  distilled off b y  repeated evap o r­
ations of the vin egar to  a sm all volum e on a steam  bath. 
T he follow ing procedure w as adopted for the d eterm in a­
tion of the sugars: 50 cc .o f the vin egar were evap orated
on the steam  b ath  to 10 cc., and tw o  additions of 10 
cc. w ater w ith subsequent evap oration s to  10 cc. m ade. 
This solution was then m ade up to volum e and the 
reducing sugars determ ined in the usual m anner. 
From  the difference betw een the F eh lin g reduction  
of the vin egar direct and after evap oration , the volatile 
reducing bodies can be approxim ated  q u a n tita tiv e ly  
in term s of their reducing power. A  direct determ in a­
tion can also be m ade on the d istillate from  vinegar. 
F or this purpose 100 cc. of the vin egar were distilled 
down to  10 or 15 cc., 100 cc. of w ater added and a 
second distillation  m ade, the tw o d istillates being 
kept separate. T h e Fehling reduction w as m ade on 
the d istillates and on the residue m ade b ack  to  volum e, 
follow ing the sam e procedure as in the determ ination- 
of in vert sugar. T h e results calcu lated  to gram s in ­
vert sugar from  the Fehling reduction  for a few  sam ples 
of the vinegars from  these runs are given  in T able  
II.

It  is quite apparent th a t the presence in vin egars of 
a substance w ith a reducing pow er eq u iva len t to  0 .15 -
0.20 gram  in v ert sugar w ould cause an appreciable 
error in the determ ination  of the sugars, and conversely,
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T a b l e  I I — F e h l in g  R e d u c in g  B o d ie s  

(C alculated as invert sugar)
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Jan . 2 2 . . . . 0 .62 0.45 0 .44 0.13 0.01 0 .14 0 .58
Jan  2 3 . . . . 0 .65 0 .45 0 .46 0.15 0.01 0 .16 0.62
Jan . 2 4 . . . . 0 .66 0 .48 0.48 0 .14 0.01 0.15 0.63
Jan . 2 8 . . . . 0 .68 0 .5 0 0 .52 0 .13 0.02 0 .15 0.67
Feb. 6 . .  . . 0 .77 0 .56 0.55 0 .16 0.01 0 .17 0.72
Feb. 8 . . . . 0 .77 0.56 0 .56 0 .16 0 .02 0 .18 0 .74
F eb . 1 1 ... , , 0 .73 0 .53 0.55 0 .14 0.01 0 . 15 0 .70
Feb. 13.. . 0 .73 0 .53 0 .53 0.14 0.02 0.17 0 .70
Feb. 17 .. . . 0 .73 0 .52 0.53 0 .16 0 .02 0 .18 0.71

th e non-sugars, b y  th e Fehling reduction  m ethod. 
O ur subsequen t w ork on cider vinegars has shown th a t 
these bodies are freq u en tly  present in still larger am ount. 
A lth o u gh  their exact com position has not been de­
term ined, th e y  appear to  be of an a ldehyde nature, 
n ot a cetald eh yd e as m ight be inferred from  its close 
relation  to  e th yl alcohol and acetic acid , b u t som e more 
com plex d erivative .

T h e exam ination  of d a ily  sam ples of the vin egars 
m ade in these experim ental runs showed an average 
of 0.18 gram  of these vo latile  reducing bodies calcu- 
1 ated  as in v ert sugar in the finished vin egar, while 
in the ciders there are none. T he form ation  of these 
bodies in the generation of vin egar has un do u bted ly  
g iven  rise to  the idea th a t there is an increase in sugars 
durin g th e  process of con vertin g cider into vinegar. 
In  all p ro b ab ility  this error in the determ ination  of the 
sugars is the explanation  of the abn orm ally  low  non­
sugar solids occasion ally  reported in analyses of v in e­
gars m ade a num ber of years ago. A fter  carefu lly  
correctin g for the am ount of vo latile  reducing bodies 
present, there a ctu a lly  appears to  be a slight increase 
in the am ount of sugar present in the vin egar, as de­
term ined b y  reduction, over th a t present in the cider.

D urin g the experim ental run th e to ta l sugars in the 
vin egar m ade from  T a n k  2 decreased from  0.56 to  0.52 
gram , while the m ixture fed  onto the generators con­
tained  0.47 gram , showing a slight increase of sugars 
w hich can be accoun ted for on ly  on the ground of the 
actu al developm ent of reducing bodies. T his increase 
is p rob ab ly  due to  the increase in pentosans, which 
w as p a rticu la rly  n oticeable in the run of T a n k  2, 
the cider of w hich contain ed 0.12 gram  of pentosans, 
w hile th e vin egar com ing from  th e generators contained
0.18 gram , an increase of n early  50 per cen t (see Fig. 
2). T h e sm all am ount of in v ert sugar present in the 
ferm ented cider is n ot ap p reciab ly  affected  during the 
acetification , nor are th e ash, th e ash constituen ts, 
or the alcohol precipitable bodies n oticeab ly  influenced 
b y  th e passage through the generator. T here is an 
appreciab le loss of color, w hich, how ever, largely  re­
turns to  the vin egar on storage. T h is loss of color 
w as not observed in the experim ental runs w ith other 
kinds of generators in other factories; ap p aren tly  it 
is associated  w ith  th e sm all-sized ty p e  of generator 
used in th is plant. T h e glycerol con ten t of the cider 
and  of th e finished vin egar rem ained p ra ctica lly  con­

sta n t th rough out th e whole experim ental run, as will 
be seen b y  noting the curves of F ig. 1. T h e differ­
ence betw een  the glycerol in the cider and in the finished 
vin egar is v e ry  slight, and as th is variation  is undoubt­
ed ly  due p a rtly  to the fa cto r of the vin egar introduced 
from  the previous run th e actu al loss in acetification 
is negligible.

T h e actu al y ield  of acid w as alm ost con stan t through­
ou t the run, a lthough considerably below  the theoret­
ical y ield . T h eo retica lly , 1 p a rt b y  w eight of alcohol 
or 1.26 parts b y  volum e of alcohol should yield  1.304 
parts b y  w eight of acetic acid. As the cider of Tank 
1 contain ed ap p roxim ately  7.85 per cen t b y  volume 
of alcohol and 0.23 gram  per 100 cc. of acetic acid, 
th e th eoretical y ield  w ould be calcu lated  as follows:

C a l c u l a t io n  o f  A c id  Y ie l d

T an k  1
Grams of

T heoretical yield: acetic acid
7.85 per cent alcohol by  volum e in c ider........... 8.12
Acetic acid in c id e r........................................................................  0.23

T o ta l ........................................................................................... 8.35
Y ield in practice:

Average of vinegar for r u n .......................................................  5.75
A ctual yield is 68.9 per cent of theoretical yield

T an k  2
Grams of

Theoretical yield: acetic acid
7.60 per cent alcohol by  volum e in c id e r........... 7.87
Acetic acid in c ider........................................................................  0.31

T o ta l ........................................................................................... 8.18
Y ield in practice:

Average of vinegar for r u n .......................................................  5.78
A ctual yield is 70.6 per cen t of theoretical yield

T h ese calcu lation s and all com parisons between 
th e ciders and vin egars have been m ade w ithout allow­
in g for a n y  loss in vo lu m e b y  evap oration  in passing 
through th e generator. U nder norm al conditions of 
w orkin g, the loss from  th is source is not m aterial.

T h e percen tage of ash in th e non-sugar solids of 
th e cider in T a n k  i  w as 13.7 and of the vinegar at 
th e sta rt 16.8. O n ly fractio n al variation s in this ratio 
were observed during th e run of th is ta n k , and the drip 
a t th e end contain ed 15.1 per cent of ash in the non­
sugars. T h e cider in T a n k  2 contain ed 14.5 per cent

^20.,— — — — — — — — — — — — — — — — —
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F i g . 3 — P e r c e n t a g e  o f  A s h  i n  N o n - S u g a r s

of ash in th e non-sugars, and th e v in egar during the 
run varied  from  15.5 to  15.9 per cen t. T he slightl) 
higher percen tage of ash in th e non-sugars of the v me- 
gar w as u n do u b ted ly  due to  th e  slight apparent loss 
of non-sugars during acetification  already discusse 
in connection  w ith  th e increase in pentosans and tota 
F ehlin g reducing bodies. T h ere appears to be a very 
con stan t relation  betw een the am ounts of non-sugar
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solids and ash w hich is of decided value in detecting 
the addition  of ash m aterial in th e case of adulterated  
or im itation  vin egars. T h e curves showing the v a ria ­
tions in th is ratio  for these runs h ave been p lotted  in 
Fig- 3 -

C O N C L U S IO N S

T he results of th is in vestigation  show conclusively 
that vin egar m an u factu red  b y  the generator process 
is uniform  in its  com position; as uniform  as the cider—  
from which it  is prepared-— in w hich respect it differs 
m aterially from  the vin egars m anufactured b y  the 
old barrel process. W ith  the exception  of th e conver­
sion of the alcohol in to  acetic  acid  there is b u t little  
change in th e com position of the cider as it is being 
converted into  vin egar. T h e m ost m arked difference, 
other than  the oxidation  of th e alcohol into acid, is 
the elim ination, or, perhaps, destruction  of the fixed 
acids. Here th ere appears to  be an alm ost constant 
loss during acetification . On th e other hand, there is 
a considerable form ation  of pentosans in the generator. 
No appreciable loss in solids or non-sugars takes place, 
and the other con stitu en ts are p ra ctica lly  unaffected. 
The am ount of glycerol in the cider rem ains alm ost 
unchanged b y  its passage th rough  th e generator, and, 
as it is a p rod u ct of th e alcoholic ferm en tation, it  is 
an im portant fa cto r  for the detection  of adulteration  
in com m ercial vin egars. T h e percentage of ash in 
the non-sugar solids is rem ark ab ly  constan t, va ry in g  
only w ithin sligh t lim its, and is of decided value as 
a standard for ju d gin g  th e p u rity  of cider vinegars.

The results in d icate p la in ly  th a t, g iven  the com posi­
tion of a hard cider to  be used in th e m anufacture of 
vinegar b y  th e generator process, it  is possible to  ap­
proximate v e ry  closely  th e com position of th e vinegar 
which can be m ade from  it.

B u r e a u  o p  C h e m i s t r y

U. S. D e p t , o p  A g r i c u l t u r e  

W a s h i n g t o n

ON T H E  D E C R E A S E  O F  A V A IL A B L E  P H O S P H O R IC  A CID
IN M IX ED  F E R T IL IZ E R S  C O N T A IN IN G  A C ID  P H O S ­

P H A T E  A N D  C A L C IU M  C Y A N A M ID
B y  R .  N .  B r a c k e t t  

Received Ju ly  25, 1913

A bout tw o years ago one of th e fertilizer com panies 
in this state foun d th a t  one of their brands ran deficient 
m available phosphoric acid, a lthough it  was thought 
that ample provision  had been m ade in overage for 
that ingredient. A  represen tative of the com pany 
stated th a t calcium  cyan am id  had been used as one 
of the ingredients of his m ixture. A s th is m aterial 
usually contains an excess of free lim e it  appeared 
possible th a t the cause of the deficiency in available 
phosphoric acid  in his goods m ight be traceable to 
the fact th a t th e soluble or the reverted  phosphoric 
acid had been to som e exten t converted  into insoluble.

Prelim inary e x p e rim en ts1 on m ix tu res con tain ing  
cyanamid show ed th a t  th e re  w as a  sligh t decrease of 
available, due to  th e  increase  of th e  insoluble over th a t  
calculated for th e  m ix tu re .

In the ea rly  spring of 1912 a m ixer in a near-by]town 
made up a m ixture to  a n alyze : 10 per cent available

Made by I,. 0 . Boone. R esu lts  n o t available.
n*

phosphoric acid, 4 of am m onia and 4 of potash, using 
calcium  cyan am id  as one ingredient of his m ixture. 
His form ula was as follow s:

Pounds
Acid phosphate, 16 per c en t.......................................................  1250
Calcium  cyanam id ..........................................................................  200
Dried b lood ........................................................................................ 250
M uria te  of p o ta sh ............................................................................ 175
1/2 and  1/2 m ixture (composed of 1/2 16 per cent acid 

phosphate  and 1/2 C. S. meal, dam aged)........................... 125

2000

Upon havin g th is m ixture an alyzed  in a com m ercial 
lab oratory  it  was foun d to  be deficient in availab le  
phosphoric acid. W e received  a sam ple through a 
purchaser, and also found it  deficient in availab le 
phosphoric acid, a n alyzin g abou t 8 -4 -4 , instead of 
10 -4-4 . A t  our request th is m ixer consented to send 
us sam ples of th e m aterials above m entioned.

Before these m aterials were received, we m ade up 
a m ixture1 of an acid  phosphate and cyan am id, using 
the proportions g iven  above. T h e acid  phosphate used 
gave as an average of six analyses:

P er cent
T o ta l phosphoric ac id ............................................................... 18.37
W ater-soluble phosphoric a c id .............................................. 13.58
Insoluble phosphoric ac id ...........................................................  1.74

On a 0 .3 gram  sam ple, the cyan am id  an alyzed  14 .9 7 
per cent of nitrogen.

T h e m ixture consisted of 250 gram s of the acid  phos­
phate and 40 gram s of cyan am id, a ratio  of one part 
of the cyan am id  to  6 .2 5  parts b y  w eight of th e acid  
phosphate; the in itia l tem perature of th e m aterials 
was 2 i°  C . and upon m ixing the tem perature increased 
to 32 0 C.

R e s u l t s  ( Z e r b s t  a n d  H u t s o n )

Phosphoric acid— P er cent

W ater- Insol­ A vaila­
T o tal soluble uble ble

Original acid pho sp h ate ..................
Analysis of the  m ixture, calcula­

18.37 13.58 1.74 16.63

ted, if no change on m ixing. . . .  
Average of five analyses. 5 days

15.84 11.71 1.50 14.34

after m ixing....................................
Average of three analyses, 12

15.82 3 .96 1.58 14.24

days a fte r m ixing.........................
Average of four analyses, 19 days

3 .54 1.69 14.13

after m ixing....................................
Average of six analyses, 26 days

3.45 1.78 14.04

after m ixing....................................
Average of tw o analyses, 33 days

2 .28 13.54

after m ixing....................................
Average of three  analyses, 40

2.75 13.07

days a fter m ixing.........................
Average of three  analyses, 47

3.21 12.61

days a fter m ixing.......................................
W ork discontinued a t  end of 47 days.

3 .57 12.25

These results w ould appear to  indicate th a t the con-
version of th e w ater-soluble or of the dicalcium  phos­
phate to  tricalciu m  is n ot sim ply a fun ction  of the 
tem perature and of th e a lk a lin ity  of the cyan am id, 
as is held b y  som e, b u t th a t th e elem ent of tim e is 
perhaps of equal im portance w ith  the tem perature. 
Hence it  m ight well happen th a t a m ixture fresh ly  
m ade up would show the required and desired am ount 
of available, and y e t be found deficient when an alyzed  
some weeks later. T h e results of th is experim ent

1 This work was done by  G. H . Z erbst and  H . M . H utson.
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indicate th a t it w ould be v e ry  interesting to continue 
th e analyses until the w ater-soluble had ceased to 
decrease and the insoluble to  increase, and it is our 
hope to be able to  ta k e  up this problem  in the near 
future, w orking on a m uch larger scale.

On receipt of the above m entioned sam ples, a m ix­
ture was m ade of 3300 gram s of the acid  phosphate 
and 528 gram s of the cyan am id, being a ratio of one 
p art b y  w eight of the cyan am id  to 6 .2 5  parts b y  
w eight of the acid  phosphate; the m aterials were 
m ixed in a glass jar; the in itia l tem perature of the m a­
terials was 220 C .; upon mixing, the tem perature 
rap id ly  increased to  52°’ C. As a mean of three a n a ly ­
ses, the acid phosphate w as found to h ave the fo llow ­
ing com position:

Per cent
Totnl phosphoric a c id ..............................................................  18.81
Insoluble phosphoric a c id ....................................................... 0 .34
W ater-soluble phosphoric a c id .............................................  16.98

R e s u l t s — ( Z e r b s t  a n d  H u t s o n )

Phosphoric acid— Per cent

W ater- Insolu- Availa-
T o tal Soluble ble ble

Original acid pho sp h ate ....................  18.81 16.98 0 .34  18.47
Analysis of m ixture, calculated,

if no  change on m ixing.................. 16.21 14.64 0 .29  15.92
A nalysis of sam ples draw n within 

a few days after mixing, mean
of 8 sam ples....................................... 16.17 1.91 1.35 14.82

Average of three  sam ples drawn
three weeks la te r ........................................ 1.25 2 .30  13.87

T he w ork had to be discontinued at this point, as 
no more tim e w as availab le for the men who had un ­
dertaken  it. I t  is n otew o rth y th a t, while th e water- 
soluble decreased only from  i .  91 to 1. 25 in three weeks, 
the insoluble increased from  1 .3 5  to  2.30 per cent.

L ast F eb ru ary, E . L. H utchins, chem ist to a near-by 
fertilizer plant, reported d ifficulty in m aking up a 
10 -4-4  m ixture, using as one ingredient of his m ix­
ture calcium  cyan am id. I regard th is as the best 
instance of th e danger of the decrease of th e availab le 
phosphoric acid in m ixtures in which cyan am id  is 
used, w hich has com e under m y observation ; and as 
an esp ecially  excellent illustration , as these experi­
m ents were conducted on a fa cto ry  scale. W ith  the 
perm ission of M r. H utchins, I give the follow ing ac­
count of his experim ents:

F o r m u l a  U s e d  

1250 pounds of 16 per cent acid phosphate 
100 pounds of 10 per cent K anona tankage 
150 pounds of 11 per cent dried fish scrap 
100 pounds of 16 per cent dried blood 
150 pounds of 18 per cent cyanam id 
52 pounds of 25 per cent su lphate  of am monia 

140 pounds of 50 per cent m uriate of potash 
58 pounds of 18 per cent hard  salts

2000

T h e acid phosphate a ctu ally  analyzed:
P er cent

T o tal phosphoric a c id .................................................................  17.24
Insoluble phosphoric a c id ...................................................... 0 .89
Available phosphoric ac id .........................................................  16.35

T h e above form ula w as m ade up as follow s:
F irs t day 's  run . Jan u ary  20, 1913. am ount m ade up 180 tons 
Sccond day 's  run , Jan u ary  21. 1913, am ount m ade up 171 tons 
T h ird  d a y ’s run , Jan u a ry  22, 1913, am ount m ade up 171 tons

E ach  of these runs w as dum ped into the same pile, 
sam pled th e sam e d ay and an alyzed  the n ext day. 
Sam ples were also taken  the 24th and the 28th of 
Jan u ary, and on the 5th of F eb ru ary, and  these sam­
ples were a n alyzed  w ith the fo llow ing results:

Phosphoric acid

M ois­ Insol­ A vail­ A m m o­ Pot­
ture T otal uble able nia ash

1. Jan . 21, 1913... . 11.22 . 11*. 67 1 .68 9 .9 9 4.12 4.76
2 . Jan . 22, 1913... . 11.90 11.79 1.68 10.11 4 .02 4.30
3. Jan . 23, 1913... . 11.66 11.65 1 .80 9.85 4.13 4.38
4. Jan . 24, 1913... . 11.02 11.72 2.35 9.37 4.13 4.09
5. Jan . 28, 1913... . 10.48 11.70 2.99 8.71 4.21 4.31
6. Feb. 5, 1913... . 9 .7 0 12.25 3.37 8.88 4.18 4.22

T h e sam ple an alyzed  Jan u ary  28th was taken  from 
the “ face of the p ile ”  and th a t of F eb ru a ry  5th from 
the “ base of the p ile.”  M r. H u tch in s’ atten tion  was 
first a ttra cte d  b y  the results of the analysis of January 
24th, and he w a s 'le d  th ereb y  to draw  and analyze 
the other sam ples. I t  is ev id en t from  these results 
th a t in a m ixed fertilizer contain ing acid  phosphate 
and cyan am id  in the ratio  of one part of the latter 
to  8 .33 of the form er, there is an increase of the in­
soluble and a consequent decrease of th e available 
phosphoric acid on stan din g, even a week or two; 
this change m ay cause the fertilizer to  becom e deficient 
in availab le  phosphoric acid.

M r. H utchin s k in d ly  furnished us w ith a consider­
able q u a n tity  of each of the m aterials used in his 
form ula. O w ing to som e m isunderstanding, the mix­
ture was m ade up of one part of cyan am id  to 9.8 
parts of the acid  phosphate. T h e rise of tempera­
ture was on ly  six or eight degrees, b u t even with this 
ratio  there w as a gradual increase of the insoluble, 
as shown b y the follow ing results:

In the form ula  were used 6667.62 gram s of acid 
phosphate and 6 8 0 .11  gram s of cyan am id , with the 
rem ainder of the ingredients in proportion.

R e s u l t s — (L. D. H u t s o n  a n d  J. F . K i n g )

Phosphoric acid— Per cent

W ater- Insolu­ Availa­
T o tal soluble ble ble

Original acid pho sp h ate .................. 17.50 13.09 0.68 16.82
C alculated analysis of the  mix­

ture, m ade up M arch  1st, if no 
change on m ixing......................... 11.58 8.67 0.47 11.11

Analysis, sam ple draw n April 
12, 1913............................................ 8 .06 0 .76

Analysis, sam ple draw n April 
18, 1913............................................ 0.81

A nalysis, sam ple draw n April 
24, 1913............................................ 7 .96 l . l l

Analysis, sam ple draw n M ay 2, 
1913................................................... 7 .94 1.14

Analysis, sam ple draw n M ay 9, 
1913................................................... 7 .24

In  addition  to the fa cts  above adduced, it may be 
interestin g to state , as pointin g in the sam e direction, 
th a t of the 70 sam ples of com plete fertilizers found 
deficient in ava ila b le  phosphoric acid  alone, during 
the past fertilizer season, seven  were registered as hav­
ing calcium  cyan am id  as one of their ingredients; 
eleven brands were not registered at all; and it is 
m ore than  lik e ly  th a t cyan am id  was an ingredient 
of m any of the rem aining 52 sam ples though the fact 
was not stated  in th e registration.
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C O N C L U S IO N S

I. From  experim ents conducted in this lab oratory, 
it has been shown th a t when cyan am id  is m ixed with 
acid phosphate in the ratio  of one part of the form er 
to 6 .2 5  or 8 .33 or even  9 .8  of th e  latter, there is, on 
standing, a gradual increase of the insoluble and con­
sequent decrease of th e a vailab le  phosphoric acid in 
the m ixture, and th a t  this is true whether the m ix­
ture consists sim ply of th e acid  phosphate and cya n ­
amid, or w hether am m oniates and potash salts are 
also present.

II. The experience of a t least three m anufacturers 
working on a fa c to ry  scale has shown th a t there is a 
decrease of th e a vailab le  phosphoric acid when cal­
cium cyan am id  and acid  ph osphate are used in mixed 
fertilizers in the ratio  of one p art of th e form er to 6 .25 
or 8.33 of the latter, thus confirm ing our own work 
done on a sm all scale.

TH E D E S IG N  O F  A N  E X P E R IM E N T A L  W O O D  D IS T IL L A ­
T IO N  P L A N T

B y  H. K . B e n s o n  a n d  M a r c  D a r r i n  

Received A ugust 18, 1913

The utilization  of w aste wood in the Pacific N orth­
west has recen tly  a ttra cte d  m uch atten tion . The 
interest lies p a rtly  in the n ecessity  of clearing the 
logged off or “ cu t o v e r”  lands w hich now num ber 
over three m illion acres in the S tate  of W ashington 
alone. In a more popular sense, th e interest, however, 
centers abou t the w aste wood of th e sawm ills. In 
the latter it  has been th e p ractice  to  install wood burn­
ers or incinerators to dispose of the mill w aste, and 
hundreds of cords of wood are th u s destroyed daily. 
In the popular m ind this w aste is regarded as an eco­
nomic crim e, and several efforts have been made to 
establish a wood distillation  in d u stry  in the N orthw est, 
all of which h ave been com m ercial failures.

With a v iew  to  g iv in g  som e assistance in solving 
this problem  th e  U n iv ersity  of W ashington cooperated 
for some tim e w ith the B ureau of P lan t In d u stry  of the 
United States D ep artm en t of A gricu ltu re in land clear- 
>ng studies and a t th e present tim e is in cooperation 
with the U nited S tates F orest Service in certain  yield  
studies of d istillation  p roducts from  both D ouglas 
fir stumps and th e w aste w ood of saw m ills operating 
in the western p a rt of th e S ta te  of W ashington. A fter 
some years of experience w ith  this problem , both from  
a theoretical stan dp oin t and from  practical particip a­
tion in the in d u stry, it appeared  to  the senior author 
of this paper th a t  the fa ilure of the com m ercial plants 
could, in each case, be traced  to inferior and unusual 
methods of operation  rath er th an  to inferior products 
and lack of m arket as u su ally  asserted. A fter personal 
visitation of the principal d istillation  plants in the

II I .  T h e results of our fertilizer inspection  analysis 
th is past season point to  the sam e fa ct; i. c., th a t 
there is danger of fa llin g off in the availab le  phos­
phoric acid  when calcium  cyan am id  and acid phos­
phate are used together as ingredients of a mixed 
fertilizer.

IV . T h e results of all these experim ents indicate 
th a t the tim e elem ent has an im portan t influence in de­
term inin g th e increase of insoluble phosphoric acid, 
and m ust be considered in addition  to the elem ents 
of tem perature and the a lk a lin ity  of the cyan am id.

V . It  appears from  the facts given  in this paper, 
th a t, though it m ay be said th a t the effect of m ixing 
cyan am id  w ith acid  phosphate will not injure the fer­
tilizer from  the farm er’s stan dp oint, the m anufacturer 
m ust exercise som e care as to the am ount of the c ya n ­
am id used in a m ixture, else his m ixture m ay, upon 
inspection and analysis, be found deficient in availab le 
phosphoric acid.

C h e m i c a l  D e p a r t m e n t

C l e m s o n  A g r i c u l t u r a l  C o l l e g e  

S o u t h  C a r o l i n a

U nited S tates b y  both of us, we selected the ty p e  of 
p lant described in th is article as m ost n early  applicable 
to econom ical operation in the distillation  of mill w aste. 
T he p lan t thus designed has been erected co op eratively  
b y  the U nited  S tates F orest Service and the U n iversity  
of W ashington and is now in operation. In this article 
only the design of the p lant will be described since 
the results obtained w ill be the sub ject of later p u b lica­
tions b y  th e Forest Service.

The general la y o u t of the p lan t is indicated  b y  the 
legend descriptive of P late  i .  T h e  wood for distillation  
is m easured (4), w eighed (3), placed in retort buggies 
(7), and distilled in the retort (21). T h e products 
of d istillation  are conducted  from  the retort through 
a bottom  vapor ou tlet (25), into  th e ta r  separator (26), 
thence into the condenser (29), and finally  the gases 
are stored  in the gas holder (14), where th e y  are sam pled 
and m easured and fin ally  pass to th e furnace (18) for 
com bustion. For th e estim ation  of the liquid  products, 
the distillate is pum ped (39) from  the pyroligneous 
acid ta n k  (30) into a feed  ta n k  (38), from  w hence it 
flows b y  g ra v ity  into  a copper still (36) heated  b y  
steam  coils. The resulting d istillate is separated  (40) 
into light oil and crude wood vin egar (containing 
acetic acid, m eth yl alcohol, acetone, etc.) and stored 
in tan ks for sam pling.

The m ain interest centers, how ever, in the design  
of the retort. F or experim ental purposes a c a p a c ity  
of one-half cord w as determ ined upon, which required  
dim ensions approxim ately  18 feet 1 inch long. T h e 
shell of th e retort is 4 feet 1 inch wide and 3 feet 2 
inches high, m ade of one-fourth inch steel and is 
covered on the outside to  a th ickness of tw o  inches with 
stan dard heat insulation  m aterial. A t  one end a 
furnace is provided, the heat from  which is conducted

LABORATORY AND PLANT
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th rough  four iron flues of five inches diam eter. These 
flues extend len gthw ise w ith in  the retort as shown in

a t ig h t  fit. T h e  door is sh u t t ig h tly  b y  m eans of four 
ca s t iron  eccen tric  c lam ps w hich ac t on  tw o  steel bars 

--------------------------- ----------  ex tend ing  across th e  outer

1. R ailw ay switch.
2. Charcoal yard.
3. P la tfo rm  scales.
4. Cord m easure.
5. W ood yard.
6. R eto rt buggy track .
7. R e to rt buggies.
8 . Charcoal chute.
9. W ood chute.

10. R e to rt buggy platform .
11. R eto rt door platform .
12. R e to rt runn ing  board.
13. Steps.
14. G as storage tank .
15. F iring  platform .
16. G as pipe to  furnace.
17. Gas pipe to  tan k .

P l a t e  1

18. Furnace.
19. F lue by-pass.
20. Stack.
21. R eto rt.
22. H eat insulation.
23. R eto rt door.
24. Door clamps.
25. B ottom  vapor outlet.
26. T a r  separator.
27. Separato r ta r  tank .
28. P ipe to  condenser.
29. Condenser.
30. Pyroligneous acid tank .
31. Gas booster.
32. E lectric m otor.
33. Gas vent to  air.

P lates 2 and 3, term in atin g in return  bends a t th e 
b ack  end of th e retort. From  thence th e y  extend 
to  th e fron t end of th e reto rt where th e y  enter a sm oke 
cham ber, w hich in tu rn  opens into the stack. T h e 
course of th e heated  gases of com bustion  is shown b y  
the arrow s in P la te  2.

T h e wood for d istillation  is piled v e rtica lly  in three 
reto rt buggies w ith  sides m ade of steel screening. T h e 
buggies operate on steel rails w hich contain  a rem ovable

surface of the door.
T h e outlet for the prod­

ucts of d istillation  is at the 
b otto m  of th e retort, Plate 
4, w hich is sloped so that 
th e opening constitutes the 
low est portion of the inner 
surface of the retort. The 
liquid  and  gaseous products 
are th us conducted  from the 
reto rt th rough  the outlet 
in to  the ta r  separator, which 
is air-cooled. The por­
tion s not condensing con­
tinue to  th e top  of the sepa­
rator into  the water-cooled 
condenser, P la te  5. The dis­
tilla tes  are collected in a 
storage ta n k  and the com­
b u stib le  gases are stored in 
a gas holder.

T h e noticeable features 
in th e design of the retort 
ab ove described are: (1) the 
m ethod of internal heating 
b y  m eans of flues located 
en tire ly  w ith in  the main 
shell; and (2) th e drawing off 
of vap o rs from  the bottom 
of th e retort.

T h e  a d va n ta ge s of in­
tern al firing over the custom­
a ry  m ethod of external heat­
ing are considered to consist 
large ly  in econom y of fuel 

and control of tem perature. B y  thorough insulation 
of the retort shell, rad iation  losses from  the shell are 
m inim ized, th e tem p eratu re of th e  sta ck  gases is more 
n early  th a t  of the re to rt interior, th e uniform  distri­
b u tion  of h eat preven ts local overh eatin g , and the re­
to rt suffers less depreciation  due to  unequal strains 
from  high tem p eratu res th an  in th e case of retorts 
exposed to  the d irect scaling and b u ck lin g action of heat. 

A  num ber of consideration s determ ined the selection

34. Back-fire traps.
35. Gas ta r  tank .
36. Refining still.
37. Condenser.
38. D istilla te  feed tank .
39. Pum p.
40. Oil separato r.
41. Oil receiver.
42. C rude alcohol tank .
43. W ork table.
44. T ransfo rm er and  sw itch.
45. Sewage basin.
46. S till ta r  tan k .
47. T a r  tanks.
48. C rude wood v inegar tan k s.
49. Building.

section a t th e retort door, th us form ing a continuous 
ra ilw a y  from  th e fore end of th e retort to th e  wood 
y a rd  and charcoal pile.

T h e retort door and door seat are m ade of cast steel 
and are carefu lly  planed and m illed so as to  insure

of a b o tto m  v ap o r o u tle t. In  th e  d istilla tion  of the 

coniferous w oods i t  h a s  been th e  w rite rs’ experience 

th a t  coke deposits  u sua lly  ex ist on charcoal drau n  

from  th e  b o tto m  of th e  re to r ts . I t  is generally  assum e 
th a t  such coke is th e  p ro d u c t of secondary  distillation
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P l a t e  3

mixture w ith  th e lighter- and low er-boiling products 
resulting from  th e decom position of wood. A slight 
cooling of the vap o r causes a 
change in th e concen tration  of the 
vapor’s con stituen ts and ta r  is 
precipitated in m inute particles 
which are carried  along m echani­
cally. This, how ever, causes an 
increase in the d en sity  of the 
vapor and it  ten ds to fa ll b ack  
into the retort. W hen it  does 
this it becom es reheated, b u t in­
stead of a ctin g  as it  did a t the 
time of its form ation, it  is now  
fractionally distilled, g i v i n g  
off various ligh t oils and fin ally  
being decom posed w ith  coke as 
the residue.

The b otto m  ou tlet should 
eliminate th is p o ssib ility  through 
active con vection  currents and 
distribution of h eat w ith in  the 
retort. T hus th e vapors rise on 
either side of the reto rt in the 
flue area betw een  th e outer side 
of the b u ggy  and retort. The 
vapors there pass along the top, 
approaching from  both  sides a 
region near the top  center, pass 
through the wood (w hich is piled 
vertically) in th e buggies, an,d 
thence along the b o tto m  of the 
buggy and reto rt to th e vapo r 
outlet, which is under a sligh tly  
diminished pressure due to  the 
suction produced b y  theconden ser
or the fan. Should th e  ta r  for the reasons above given 
become liquefied, it  flows b y  g r a v ity  into the vapor ou t­
let and is not su b ject to redistillation. T his ex-

W ith the further assum ption th a t the tim e of dis­
tillatio n  required 20 hours of firing, the total consum p­
tion  of heat units w as com puted as shown on follow ing 
page.

S+ond

P l a t e  4— F r o n t  V i e w . R e t o r t  a n d  A p p a r a t u s  S e t  U p

T o supply this heat, use w as m ade of the follow ing 
com putation:

Q =  A ( T  —  t) (r +  c) where Q denotes heat sup-

planation  has been verified b y  actu al operation, 
coke being found on the charcoal only where oleo- 
resin or “ p itch ”  had previously  existed in the wood.

F or the purpose of determ ining th e size of flues the 
the follow ing assum ptions were m ade:

of tar. In other words, when ta r  is in the process of 
form ation from  wood, it form s a high boiling vo latile

(1) The distillate has the sam e average properties as water.
(2) M axim um  distillate  per cord, 300 gallons.
(3) R ad iation  of insulation, 4.56 B. t. u. per sq. ft. per m inute.
(4) R adiation  of exposed door, 24.54 B. t. u. per sq. ft. per m inute.
(5) A tm ospheric tem peratu re , 70° F.
(6) M axim um  tem pera tu re  inside re to rt, 700° F.
(7) T em peratu re  of heating  gases a t  en trance to flues, 1500° F.
(8) Average tem peratu re  of heating  gases upon leaving flues, 700° F.
(9) Specific heat of re to rt steel and  iron of buggies, 0.12.

(10) Specific heat of wood, 0.650.
(11) M axim um  non-condcnsable gas per cord of wood, 10,000 cu. ft. 

weighing 0.08 pound per cu. ft.
(12) Specific heat of non-condensable gas, 0.237.
(13) Chem ical reactions of an endotherm ic charac te r balance those of 

an exotherm ic character.
(14) Average rad ia tion  of flues, 3.63 B. t. u. per hour per sq. foot per 

degree F .
(15) Average convection from flues, 1.06 B. t. u. per hour per sq. ft. 

•per degree F .
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P l a t e  5— S id e  V i e w . R e t o r t  a n d  A p p a r a t u s  S e t  U p

T o t a l  C o n s u m p t io n  o f  H e a t  U n it s

B. t. u.
(1) T o  heat and  vaporize 150 gallons of d is tilla te .................  1 ,430,000
(2) R adiation  through in su la tion ..................................................  1 ,512,000
(3) R ad iation  th rough exposed doo r........................................... 412,000
(4) T o  h ea t buggies and re to rt 600° F ......................................  990.000
(5) T o  heat wood 300° F ................................................................  300,000
(6) H eat carried aw ay by non-condensable gases................  56,700
(7) M inor losses..................................................................................  100,000

operation  of th e retort, which requires from  18 to 20 
hours per run of three-eighths to one-half cord of wood.

In  P la te  6 is g iven  a general v iew  of the plant as it 
appeared sh o rtly  a fter its in stallation.

L a b o r a t o r y  o p  I n d u s t r ia l  C h e m is t r y  
U n iv e r s it y  o f  W a s h in g t o n  

S e a t t l e

A N  A P P A R A T U S  F O R  D E T E R M IN IN G  T H E  M ELTIN G  
P O IN T S  O F  S U B S T A N C E S  O F  IN D E F IN IT E  

M E L T IN G  P O IN T
B y  A . P .  B j e r r e g a a r d  

Received Ju ly  30, 1913

T h e determ in ation  of the tru e m elting point of 
substances which do n ot m elt sh arp ly  a t -a definite 
tem perature b u t w hich gra d u ally  soften under the 
influence of heat and finally  becom e soft enough to 
be liquid , is one of great d ifficu lty. Indeed  it can hardly 
be said th a t such substances h ave a n y  true melting 
point. O rdin ary coal ta r pitch  such as is used for 
roofing, etc., is an exam ple of th e class of substances 
under discussion here. A s is well know n th is material 
a t  the ord in ary  atm ospheric tem perature when struck 
w ith a ham m er flies to  pieces like glass. Nevertheless, 
if a barrel of it stan ds for a n y  length  of tim e the pitch 
will slow ly  flow ou t of ev e ry  crack  and crevice or out 
of the open bung-hole ju st like a liquid. It  m ay indeed 
be called a b rittle  liquid, and this class of substances 
m ight be called solid liquids. I f  coal tar pitch is 
warm ed a little  it gets softer and flows somewhat 
more rap id ly ; if it is fu rth er h eated  it  becomes still 
softer and flows still m ore rap id ly . F inally, when 
hot enough it can be m ade to flow nearly or quite 
in stan tan eou sly  like w ater. W hen shall we say that 
coal ta r  p itch  is m elted?

P etroleum  asphaltum s prepared b y  oxidizing petro­
leum  residuum  also belong to  th is class of bodies, 
a lthough their ch aracteristics are som ew hat different 
from  those of coal ta r  p itch  in th a t  th e y  are softer at 
ord in ary  tem peratures and require higher tempera­
tures to flow togeth er wrhen exposed for long periods 
of tim e to  sm all degrees of heat. T h e y  also have a

T o ta l heat lost in 20 hou rs ...................................................  4 ,800 ,700
T o tal heat lost per hour (roughly)..................................... 250,000

plied; A , the to ta l area of the flue surfaces; T , the 
average tem perature of the gases w ith in  th e flues; 
t, the average tem perature w ith in  the retort; r, heat 
units given  off b y  radiation; and c, heat units g iven  off 
b y  convection . Hence,

Q = 0.416 X  3.14 X  16.6 X  8 (1500 +  700/2 —  700) 
(3.63 +  1.06), 

or 325,000 B. t. u. will be supplied per hour. Ac-

P l a t e  6

cord in gly  b y  com putation, th e heat exchange is shown 
to  be m ore than  sufficient to produce distillation  tak in g 
place under the conditions as above assum ed, and this 
com pu tation  is verified b y  the results obtained  in the
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higher range of m elting points as this term  is under­
stood in th is article.

E xp erim ent shows th a t an air-blow n petroleum  
asphaltum  w hich when heated  rather rap id ly  becom es 
liquid a t abou t 13 5 0 C ., will flow down an inclined 
plane upon w hich it m ay be placed a t 400 C. if kept at 
th at tem perature a long tim e, say  18 hours. Shall 
we say th a t this substance fuses a t 400 C . or at 135 0 C.?

There appear to be tw o stages or tw o tem perature 
points in th is gradual softening, w hich m ay be of im ­
portance in the exam ination  of these substances. 
First, there is th a t tem peratu re point or approxim ate 
point, a t which the firm solid or pseudo-solid m aterial 
just begins to  soften, so as to  be sligh tly  plastic, or 
so th a t if le ft a long tim e a t th a t tem perature it will 
flow and finally  com e to  a level in its container. Sec­
ond, there is a tem peratu re a t w hich the substance 
is so fluid th a t it  can readily  and q u ick ly  flow to a 
level in its contain ing vessel; in other words, it possesses 
the properties u su ally  ascribed to liquids.

The apparatu s now to be described is one for de­
term ining the tem peratu re of th is second kind of 
melting. I t  can scarcely  be called a flow point ap ­
paratus, although the flow of th e sam ple is measured.

It consists of a b lock of iron of suitable dimensions, 
with one face a t an angle of 45° to the horizontal. 
This inclined face is provided  w ith  grooves, as further 
described below . T h e b lo ck  is also provided with 
a small cistern to contain  m ercury in which is placed 
the therm om eter for readin g th e tem perature of the 
block. A  useful size for th is apparatu s is about 
4V2 inches w ide, 4 inches high and about 5 inches 
long.. T h is will contain  9 grooves of the size de­
scribed below . A top v iew  is shown in Fig. x, 
and a side view  in F ig. 2; here, A is the m ercury
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cistern, B  th e  inclined grooved  face, C is a sm all 
stop arranged so th a t  a sheet of glass, or transparent 
niica laid  over th e inclined face will be supported 
and prevented from  sliding off, D  is a series of step­
like cuts m ade across the ribs betw een the grooves 
of the inclined face. T h e top cut F II  is deeper than 
the second b y  one-eighth of an inch, the second cut 
PG is one-eighth of an inch deeper than  the top of 
the ribs on th e inclined surface. T h e length of the 
top cut is one-quarter of an inch from  th e angle II 
at the top, dow p to  th e step up F  of the second cut; 
the length of the second cu t is one-quarter of an inch 
from F  to G.

The grooves a re  o n e -q u a rte r  inch wide, an d  th e ir  
vertical sides are o n e -q u a rte r  inch deep to  th e  beginning

of the curved bottom . T h e latter  is of sem icircular 
cross-section w ith  a radius of one-eighth inch. T he 
ribs m ay be 7/ 32 inch th ick . ■ T h e dotted  line / repre­
sents the b ottom  of the grooves.

F or use, m ercury is poured into the cistern A , 
w hich does not need to be v e ry  wide (say l/ t to  */« 
inch) and the therm om eter is inserted. T he sam ples 
of m aterial to be tested  are pressed into th e topm ost 
parts of the grooves betw een F  and II so as to fill the 
space which is shaded in F ig. 2. A b o u t 0.17 gram  
of asphaltum  is needed for this. A  sheet of glass or 
m ica is laid on B  (to shut off cold air d rafts), and heat 
is applied a t E  b y  m eans of a Bunsen burner. E ach 
sam ple will gra d u ally  soften and sag dow n the groove; 
when it is liquid  enough to reach from  F, its original 
low er boundary, to G, a distance of one-quarter inch, 
the therm om eter reading is taken  as the m elting point. 
M arks m ay be m ade at in tervals down B, say  at every  
one-half inch and the beh avior of the flowing m aterial 
as it  passes each in succession m ay be studied  as to 
tem perature and tim e differences.

It  is im portan t th a t the am ount of m aterial used in 
com parative trials should be sensibly the sam e. O ther­
wise the m elting points observed w ill differ som ew hat 
according to  th e re lative  sizes of the sam ples. T hus 
in tw o trials, certain  specim ens of air-blow n petroleum  
asphaltum  were applied in d ifferen tly  sized pieces 
and each series tested  a t th e sam e tim e w ith  the 
follow ing results:

M e l t i n g  P o in t s  o f  D i f f e r e n t l y  S iz e d  P i e c e s  o f  P e t r o l e u m A s p h a l t u m

S a m p le  N o .  1 N o . 1 N o .  2

R a t e  o f  h e a t in g  fo r  1 0 °  C ............ 77 s e c . 100 sec- 100 se c .
S m a ll  p i e c e ............................................. 1 8 4 °  C . 1 8 1 °  C . 1 8 3 °  C .
M e d iu m  p ie c e ......................................  1 8 0 °  C . 1 7 5 °  C . 1 7 8 °  C .
L a r g e  p i e c e ............................................  1 7 8 °  C . 1 7 1 °  C . 1 7 4 °  C .

It  will be seen th a t sam ple No. 1 showed in one case 
a difference of 6° C. in m elting point and in the other 
case of 10° C ., depending on w hether a large or a sm all 
piece w as used. T h e large piece of No. 1 used a t 
rate 77 sec. was not the same in size as th a t used in 
rate 100 sec.; the sam e rem ark applies to the m edium  
and sm all pieces. T h e large pieces were abou t the 
size of peas, the sm all pieces about one-third this 
size.

In order to overcom e this cause of d iscrepan cy the 
space in the upper p art of the groove should, as a lready 
said, be filled with the m aterial to  be tested, and then 
the top scraped off even w ith the surface of th e p a rtly  
cut off rib. B y  th is m eans sensibly the sam e sized 
sam ple m ay a lw ays, be sub jected  to  test, th ereby 
elim inating one of the uncertainties of the m elting 
point of the substances under consideration.

The reason th a t a larger piece appears to fuse at 
a lower tem perature than  a sm aller piece seems to  be 
th a t the action of g ra v ity  is re la tiv e ly  greater a t the 
sam e tim e th a t the action  of cap illa rity  is re lativ e ly  
less, w ith th e larger piece. T h e first force tends to 
pull the mass down the incline, and so to  render the 
apparent m elting point lowrer. T h e second force 
tends to preven t the liquefied, or sem i-liquefied sam ple 
from  flowing down and, therefore, to  render th e ap ­
parent m elting point higher. T hese circum stances
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necessarily operate in  m ost other m ethods of determ in ­
ing the m elting point of the classes of bodies under 
consideration. B u t in th is ap p aratu s th e variation s 
can be controlled b y  ex a ctly  filling th e space as de­
scribed, w hereas in m ost other m ethods no such con­
trol is as easily  obtainable.

As has a lread y been stated  m aterial of indefinite 
m elting point will flow a t low  tem peratures if g iven  
tim e enough. T im e is therefore an im p ortan t factor 
in this determ ination  and m ust be ta k en  into account.

T h a t th e tem perature a t w hich substances of in ­
definite m elting point a ctu a lly  fuse depends consider­
a b ly  on th e rate  of heatin g is illu strated  b y  th e fo l­
low ing table:

M e l t i n g  P o i n t s  o p  A i r - B l o w n  P e t r o l e u m  A s p h a l t u m  f o r  D i f f e r e n t  

R a t e s  o f  H e a t i n g

R ate  for 10° C. 43 sec. 65 sec. 68 sec. 75 sec. 113 sec. 126 sec.
Sam ple No. 1 119° C. 114° C. 114° C. 115° C. 112° C.

2 140 134 133 135 KJ 00 o p 128
3 157 154 150 149 147 147
4 161 160 156 156 151 150
5 170 169 166 157

It  follow s, if com parable results are desired, th a t  
th e heatin g up m ust be conducted at a given  rate.

F or m an y purposes, how ever, where sim p ly  relative  
results are desired, there is no need of heatin g a t a 
definite rate  w ith  th is apparatu s provided  only th a t 
th e rate of heatin g is com p aratively  uniform .

For such re lative  determ inations the several sam ples 
to be com pared are pressed into  the grooves as de­
scribed, and th e several m elting points observed are 
read and com pared. E ven  very  slight differences 
of m elting point can be observed in th is w ay.

A  rate of abou t 100 seconds for a rise of io °  C . is 
the m ost conven ien t for use w ith  an ap p aratu s of the 
size a lread y described. T h is rate  is readily  obtained 
w ith a good sized Bunsen burner burning so th a t  the 
flam e im pinging on th e b otto m  of th e  b lock  form s 
a circular disk of abou t 3V2 inches in  diam eter— a t least 
th a t is the size w ith th e pressure of artificial gas in 
the c ity  of C levelan d.

All m ethods heretofore proposed, so fa r as I am  
aw are, for determ ining th e m eltin g points of substances 
of indefinite m elting point are also su b ject to som e rate 
of heatin g factor. T h is rate  is controlled  w'ith great 
ease in the m ethod here described, and m ay be en tirely  
neglected w ith  th is ap p aratu s under the conditions 
m entioned above.

T h e rate  of heatin g is w ith ou t influence on the te m ­
perature a t w hich substances of sharp m elting point 
fuse in this apparatu s. F or exam ple a certain  sam ple 
of com m ercial stearic acid, w hich fused quite sharp ly 
a t 59V 4 0 C . b y  the usual cap illary  tub e m ethod, fused 
b y  th e iron b lock m ethod a t 593/4° C . when heated 
io °  C. in 125 seconds, and a t 60o C . when heated 
io °  C . in 50 seconds. T h is last rate is abou t the fastest; 
it  is feasib le to use b y  th is m ethod. Substan ces of 
sharp m elting point do n ot grad u ally  sag down th e 
incline as the heatin g progresses. T h e y  rem ain en­
tire ly  unchanged until th e tem perature reaches th e 
m elting point, and then th e y  sudden ly fuse and flow 
dow n the inclined groove quite rap id ly.

H ence, for determ ining the m elting points of sub ­

stances of sharp m elting point for com m ercial pur­
poses th is ap p aratu s w ill be found of great use.

L a stly , in at least some cases, the m elting point of 
substances of indefinite m elting point is influenced 
b y  th e am ount of w orking or kneading to  which the 
sam ple has been sub jected . T h is is exem plified by 
th e fo llow ing figures; the rate of heatin g w as 10° C. in 
77 seconds:

M e l t i n g  P o i n t s  o f  A i r - B l o w n  P e t r o l e u m  A s p h a l t u m  

N o t kneaded W ell kneaded
Sm all piece.............................  170° C. 167° C.
Large piece............................  167° C. 160° C.

Here the kneading has low ered th e. m elting point 
from  3° to 7° C . T h is is th e m ost difficult condition 
to control in th e sam ples su b m itted  to  test, because 
it  is im possible to  a void  som e kneading in pressing 
th e sam ple into  th e  slot of th e m achine. T h e best 
w a y  to  overcom e it, and to  secure com parable results, 
is to  th o ro u g h ly  knead  each pellet of th e sam ples be­
fore pressing th em  into  the slots. Here again the same 
fa cto r of kneading enters into all m ethods heretofore 
proposed for determ ining th e m elting points of this 
class of substances.

A s above stated  all these conditions operate to cause 
variation s in m eltin g point in ev ery  form  of apparatus 
heretofore proposed. B u t in none of them , so far 
as th e author has tried  them , is it  possible to satis­
fa cto rily  overcom e th e inaccuracies and variations 
caused b y  th e peculiarities in b eh avior of these materials 
of indefinite m eltin g point. B u t b y  m eans of the proper 
use of the ap p aratu s herein described it  has been 
possible to a tta in  a ccu racy  of results en tirely  unat­
ta in ab le  before th is ap p aratu s w as p u t into use.

D urin g th e tw o years in w hich th is apparatus has 
been in use in th is lab o rato ry , th e author has found 
it  of great va lu e  for lu b ricatin g  greases of every  kind, 
for pitches, asphaltum s, solid in sulatin g compounds, 
and, in short, for ev e ry  kind  of substance whose melt­
in g point is low er th an  the boiling point of mercury 
and whose range of fusion is too w ide for obtaining 
definite results b y  th e  cap illa ry  tu b e m ethod. For 
such m aterials it  appears to be as generally  useful 
as the cap illa ry  tu b e  is for those of sharp melting 
point.

T h e sam ples are q u ick ly  inserted into the slots, 
it  ta k es  b u t a short tim e to heat up to  th e  m elting point, 
th e tem perature is easily  and a ccu rate ly  read, many 
sam ples can be tested  a t once, and  th e apparatus is 
easily  cleaned.

T h e b est w a y  of cleaning th is m elting-point block 
is to  im m erse it  w hile still w arm  into a can of liquid 
w'hich is a so lven t for th e  sub stance tested , for example 
n ap h th a, if petroleum  pitch  or lu bricatin g grease is 
in th e apparatu s. A fte r  a short soaking the samples 
can u su ally  rea d ily  be scraped or w iped out, and then 
th e slots are easily  -washed w ith a sm all piece of cotton 
w aste or other rag. A fter th a t it  is rinsed with clean 
n ap h th a and allow ed to  d ry , when it  is ready for use.

L a b o r a t o r y  o f  t h e  C a n f i e l d  O i l  C o .

C l e v e l a n d ,  O .
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No doubt a m a jo rity  of those in charge of 
laboratories where am m onia determ inations 
are m ade, h ave been confron ted, at one 
tim e or another, w ith  the problem  of design­
ing or choosing som e form  of apparatu s to 
be used for such determ inations. Just such 
a problem  had to  be solved  b y  th e writers 
last year when plans were prepared for 
m oving our lab o rato ry  into  new quarters. 
The old b an k of stills w hich had been in 
use here for m any years had one large tan k  
used as a condenser for th e eight stills and 
the lower ends of the b lo ck-tin  pipes were 
so located  th a t one had to  reach under a 
fram ew ork sup portin g the burners and 
flasks in order to  replace or rem ove the 
nessler jars. T h is  ap p aratu s was in m any 
respects far from  sa tisfa cto ry , b u t for one 
reason or another had not been replaced 
b y  a more con ven ien t ty p e .

W hen the n ecessity  for such a change 
arose we were unable to  secure m uch help in 
the w a y  of draw ings, specifications, etc., 
from other laboratories. W e did, how ever, 
receive a photograph of an apparatu s, of 
which th is is a m odification, b u t found some 
difficulty in estim atin g dim ensions, etc., 
from a ph otograph alone. I t  occurred to 
the w riters, therefore, th a t detailed  specifi­
cations and draw ings of th is apparatu s would 
be of great assistance to  other w orkers who 
m ight care to  du plicate it  or construct a 
modification of it. W hile no claim  is made 
for o rig in ality  of principle, we do believe

♦•lengths ^  block 
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- ¿ 0' l e n g th s  golv. 
iro n  p ip e .  ( to ) .

¡¿golv.ironT.(t)
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F r o n t  V i e w  p r o m  A b o v e  t h e  L e v e l  o p  t h e  T a b l e  T o p

th a t some of the im provem en ts added 
to  form er ty p e s  are of d istin ct a d ­
va n tag e  and w orth y  of note.

T h e distinguishing points of 
th is apparatu s, in com m on w ith  others 
of sim ilar sty le , when com pared w ith 
th e m a jo rity  of other form s are:

1. U n it construction, i. e., each 
still has an ind ivid u al condenser.

T h is m eans:
(a) R epairs can be m ade on one 

unit w hile others are in operation.
(b) A d d ition al units can be added 

w ith ou t m uch extra  cost or trouble.
2. T h e distinguishing features of 

this ty p e  alone are:
(a) A ll ring supports for flasks and 

burners are a ttach ed  to  stan dards 
in th e rear of the condensers, th u s 
allow ing free access to  th e flasks. T h e 
ad van tage of th is w ill be apparen t 
to those who h ave w orked w ith th e 
sty le  where the uprights for th e sup­
port of the flask rings projected  above 
and were in fron t of th e flasks.
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(b) T h e  b lo ek -tin  p ipes are so ldered  in to  brass n ip ­
ples a t  th e  low er end an d  in to  b rass  p lugs a t  th e  up p er 
end of th e  condensers. T h is  p rov ides a  perfec tly

O U R  R A D IU M  R E S O U R C E S  1
B y  C h a r l e s  I , .  P a r s o n s 2

T he “ wonders of radium ,”  both fact and fable, have been 
treated so exten sively  in the scientific and public press th at it 
is not iny intention, nor is it  a t all necessary to repeat them 
here. R ath er it is m y wish to-day to  present to a  body of men 
interested in the developm ent of Am erican mining the present 
commercial situation  as regards radium  and its ores, and to 
point out, so far as I m ay, som e of those future developm ents 
that already begin to be more or less d istin ctly  visible.

A  bulletin  on the radium , uranium  and vanadium  situation, 
by R . B . M oore, physical chem ist in charge of the D enver oflice 
of the B ureau of M ines, and K . L. K ith il, mineral technologist 
of the Bureau, w ill appear w ith in  a  few  weeks and will contain 
much detail of interest to the m ining industry. L ast A pril an 
advance statem ent, authorized b y  the D irector, regarding this 
bulletin, brought out p articu larly  the fact that practically all 
of the carn otite  ore mined in the world in 1912 w as shipped 
abroad and th at this country w as furnishing annually nearly 
three tim es as much radium  from its Colorado carnotite deposits 
as all the rest of the world p u t together. I t  was further pointed 
out th at this m aterial has been bought by  European buyers 
at a price entirely  incom m ensurate w ith  its radium  value and 
that efforts should be made to keep a t  home both the radium 
itself and the profits of its m anufacture; also th at too much 
stress could not be laid upon the extensive waste of valuable 
radium ore throw n on the dum ps of mines and prospects— much 
of it under such conditions th at it could never be recovered.

The publication of this statem ent has already resulted in an 
increase of a t least 33 per cent in the price of carnotite ore, and 
European buyers are aw akening to the fact th at they must pay 
to the A m erican miner a  price nearer the actual value of his ore. 
Also, a m uch low er grade of ore is now m arketable, for whereas 
six months ago ore containing 2 per cent uranium  oxide was 
the lowest grade accepted b y  European buyers, agents of these 
buyers are now asking for and actu ally  purchasing ore containing 
no more th an  half this content of uranium. Furtherm ore, the 
operators are taking more care in separating their low-grade ore 
from the gangue and in protecting it from  wind and w eather. 
Moreover, old dum ps are being sold and ore th at a few months 
ago was thrown aside as valueless w ill be recovered from them.

In this paper I shall refer to other facts contained in this 
bulletin and shall m ention som e new developm ents having a 
direct bearing upon the Am erican radium  industry which have 
taken place since the m anuscript was sent to the printer.

As is well know n to all o f you, the popular belief has been that 
the chief source of radium  is the mineral pitchblende, especially 
that obtained from  the mines now under the control of the A us­
trian governm ent a t Joachim sthal, Bohem ia, and pitchblende is 
the richest and m ost eagerly sought uranium  radium  ore. O ut­
side of the ore in A ustria, the only pitchblende deposits of any 
size are those in G ilp in  C ou n ty, Colorado, from which some 
30 tons more or less have been procured since the mineral became 
valuable as a  source o f radium . T h e D enver papers recently 
announced th at these pitchblende-bearing mines have been 
acquired b y  A lfred I. du P ont of W ilm ington, Delaware, and it 
is greatly to be hoped th a t their exploitation under his direction
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will yield  an increased supply of this valu able mineral. I t  is 
not, however, so generally recognized th at the m ineral carnotite, 
which outside of the U nited States occurs only in low -grade ores 
m ixed w ith  ilm enite in the O lray district of S ou th  A ustralia  
and as a  calcium  carnotite (com m unicated b y  W . F. H illebrand) 
under the name of T y u y am y u u ite  in Ferghana, Russian T u rk ­
estan, is b y  far the more im portant source of radium . From  
the m ost authentic sources it can be definitely stated th at the 
A ustralian and Russian deposits do not compare in extent or 
richness with our own. T he Am erican carnotite is accordingly 
the largest source of radium  a t the present tim e and at least 
four times as much radium  was mined in A m erica in the form of 
carnotite in 1912 as has been produced from C olorado pitch­
blende since it w as first discovered in th at State.

Outside of carnotite and pitchblende, the on ly  other known 
source of radium  is the mineral autunite. T h e autunite deposits 
of Portugal have p robably furnished a  few m illigram s of radium  
to commerce, and from the M t. Painter deposits in South Aus­
tralia a few  tons of autunite-bcaring ores h ave  been shipped to 
London.

Am erican carnotite is found chiefly in M ontrose and San 
M iguel counties, Colorado, and in U tah  northw est of these 
counties. T he U tah deposits are a t G reen R iver, T ab le M oun­
tain, Richardson, F ruita, M oab, and some 16 miles southeast 
of Thompsons. T he ores of these deposits are of a  lower grade 
than those of the Paradox V alley, bu t they are nearer to the 
railroads and transportation costs are much less. T he Green 
R iver deposits have apparently become regular producers. In 
Colorado, prospects have been opened at C oal Creek, 14 miles 
north of M eeker and a t Skull C reek 65 miles w est of M eeker; 
but the richest of all Am erican carnotite localities and indeed the 
richest known radium -bearing region in the world is th at of the 
Paradox V alley, Colorado, extending from H ydraulic 011 the north 
to the M cIn tyre  district on the south.

Geologists arc now in the field m aking a special stud y of these 
carnotite ores w ith special reference to their occurrence and origin, 
of which altogether too little  is now known. In the Paradox 
region the deposits seem to  lie invariably ju st above the fine­
grained L a  P lata  sandstone. This rock is usually exposed high 
on the sides of the canyons, some of which are excelled in extent 
and in natural b eau ty  b y  only the G rand C an yon  itself. In  
a  few instances, as a t Long P ark and C lub Ranch, the deposits 
are only a few  feet under the surface, the higher form ations h a v ­
ing been eroded; but for the main part, the stratum  in which 
the carnotite occurs, when not entirely eroded, is deep below 
the surface of the mesa. A ccordingly prospecting is m ainly 
carried 011 along the sides of the canyons, and where vanadium  
and uranium  stains are seen upon the rock the prospector 
blasts his tunnel in the hope of developing a pocket of the ore. 
The fact th at the ore occurs in pockets renders prospecting 
uncertain, and there appears to be no present hope of insuring 
a successful search for pockets th at are not exposed or do not 
happen to -b e  near the surface. A lthough it is probable th a t 
m any other pockets of carnotite occur a t  the sam e geologic 
horizon, their discovery, except where the ore-bearing stratum  
has been exposed b y  erosion, appears a t present to  be an alm ost 
hopeless task. T he eroded sides o f the canyons have been 
prospected again and again but new claim s are still being opened 
and are being sold b y  the prospector to the larger companies 
or operators who mine the ore. In such a sale the prospector

ADDRESSES



944 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 5, No. 11

and the purchaser both take a  decided risk, for a t present no 
m ethod is used to determ ine the exten t of the ore in the pocket 
other than the "prospector’s hole.”

A s few of the prospectors of the w est are acquainted w ith  
carnotite and pitchblende, the following description of the ores 
lias been issued from the D enver office of the B ureau of M ines 
and is sent to  all who m ake inquiry:

" I n  rep ly to  you r letter for inform ation concerning radium  
ores, the following facts m ay be of interest:

"R ad iu m  is found associated w ith uranium  m inerals only. 
W herever uranium  exists, radium  is also found in the m ineral; 
and where there is no uranium , radium  has never been found. 
U ranium  and therefore radium  are found in this cou ntry in 
carn otite  and its associated minerals, and in pitchblende. C ar­
notite  is a lem on-yellow  mineral usually  found in  pockets in 
sandstone deposits. T h e mineral m ay be in the form of light 
yellow  specks dissem inated through the sandstone, or as yellow  
incrustations in the cracks of the sandstone, or m ay be more or 
less m assive, associated w ith blue, black, or brown vanadium  
ores.

"P itchblend e is a  hard, blue-black ore th a t looks som ething 
like m agnetite, b u t is heavier. I t  is found in pockets and veins 
ill igneous rocks. T h is mineral is not nearly as w’idely dis­
tributed as carnotite. O ccasionally it is found associated w ith  
an  orange mineral called gummite.

‘ ‘T he best w a y  to  test these ores is to  wrap, in the dark, a 
photographic plate in tw o thicknesses of b lack  paper. On the 
paper la y  a k e y  and then, ju s t above the key, suspend tw o or 
three ounces of the ore, and place the whole in a ligh t-tigh t box. 
Pressure of the ore on the k ey  and plate should be avoided. 
A fter three or four days, develop the plate in the ordinary w a y; 
and if the ore is appreciably radioactive, an image of the k ey  
w ill be found on the plate.

“ T h e U . S. B ureau of M ines, 502 F oster B uilding, D enver, 
Colorado, w ill be glad to receive a n y  samples of ores giv in g promise 
o f  containing radium  and associated rare minerals, as indicated 
b y  the test above described. T hough it can n ot undertake 
to m ake chem ical analyses or assays of such minerals for private 
parties, it  w ill indicate the advisability  of further exam ination.”

T he Colorado carnotite deposits were apparen tly first noted 
as far back as 1881, w hen A ndrew  J. T alb ert mined some of the 
ore and sent it to  Leadville where it w as reported as carrying 
$5 in gold per ton. T his m ust have been an unusual ore as the 
carnotite now found does not carry  the precious m etal. In  
1896, Gordon K im b all and T hom as Logan sent specimens to 
the Sm ithsonian Institution, W ashington, D . C ., and w ere 
inform ed th at the minerals contained uranium. S h ortly  there­
a fter th ey  mined 10 tons o f ore, shipped it  to D enver, and sold 
i t  for $2,700 on account of its uranium  content. T hree years 
later, in 1899, Poulot and Voilleque collected and sent to France 
specim ens w hich were exam ined b y  Friedel and Cum onge who 
recognized the existence of a new mineral and nam ed it "C a rn o ­
tite ”  in honor of M . C arn ot then President of the Fren ch R e ­
public. In  1900, Poulet and V oilleque leached carnotite ores 
a t Cashin in the Paradox V a lley  to  extract the uranium . T h e y  
shortly  after com pleted a sm all mill in the M cIn ty re  district 
south of the Paradox and in this project had the cooperation 
of Jam es M cB ride, a mining engineerof Burton, M ichigan. T heir 
m ill ran until 1902 and during th at tim e produced 15,000 pounds 
of uranium  oxide. T h e mill w as started again in 1903 b y  the 
W estern  Refining C om pany but ran only a  year. U p to 1904, 
the mills appear to  have been run w holly w ith the idea of ob­
taining the uranium  and vanadium  from the ore for no radium  
was extracted. Shortly  afterw ards the Dolores Refining C om ­
p an y bu ilt a new mill a short distance from  the old one b u t after 
running for some years, this mill, too, sh ut down. In  1912, 
the Am erican R are M etals C om pan y acquired the mill of the 
D olores Refining C om pan y and is now operating it, w ith  the

special purpose of obtaining radium  from the ores. T h e first 
attem p t to  e xtra ct radium  in this country appears to have been 
m ade b y  the R are M etals R eduction  C om pany, under the man­
agem ent of Stephen T . Lockw ood of B uffalo, N . Y .  In  Sep­
tem ber, 1900, M r. Lockw ood brought back from  Richardson, 
U tah, sam ples of carnotite ore and in 1902 he published {Eng. 
M in . Jour., o f Septem ber 27th) the first radiographic plate 
from  products of A m erican carnotite. In  June, 1902, he re­
ceived 500 pounds of specially picked high-grade ore from 
Richardson, U tah, and in M a y , 1903, as a result of experimental 
w ork 011 th is ore, he incorporated w h at w as p robably the first 
Am erican com pany to operate a  p lant to produce radium  as one 
of its products. In  O ctober, 1903, the first experim ental plant 
was constructed and in A pril, 1904, the first 17-ton car of ore 
reached B uffalo from  R ichardson, U tah. T h e  com pany ob­
tained a fair percentage of extraction  b u t the ore proved to be 
too low-grade and the Richardson deposits were abandoned. 
N o radium  in concentrated form w as p u t upon the market, 
although barium  sulfate concentrates w ere produced.

T h e  G eneral V anadium  C om p an y which, w ith  the Radium 
E xtractio n  Com pany, is a subsidiary of the International Van­
adium  C om pan y of Liverpool, E ngland, w as form ed in 1909 
and began w ork in 1910, the sam e y ear th a t the Standard Chem­
ical C om pan y of P ittsburgh, Pa., entered the field. Since that 
tim e these tw o com panies have been engaged in m ining carnotite. 
T h e  ores from the G eneral V anadium  C om pan y have been 
shipped alm ost entirely  abroad, w hile the Standard Chemical 
C om pan y has shipped several hundreds of tons of carnotite to 
its w orks a t  Canonsburg, Pa. W hile it  w as stated  a t  the time 
of the advance announcem ent of the bulletin to  be issued by the 
B ureau of M ines th a t one Am erican C om p an y had actively 
entered into the production of radium  no actual sale of American- 
produced radium  could be authenticated. Since th at time, 
however, the Standard Chem ical C om p an y has entered the 
Am erican m arkets.

Besides the A m erican R are M etals C om pan y and the Standard 
Chem ical C om pany, a third com pany— the R adium  Company 
of A m erica  w ith  mines near G reen R iver, U ta h — has undertaken 
the production of radium  in its p lant a t  Sellersville, Pa. There 
is, therefore, every  reason to hope th a t more and more of our 
ores will be w orked up a t home.

Besides the com panies a lread y m entioned, a num ber of inde­
pendent operators mine and ship carnotite from the Paradox 
region and for the main part send their ores to H am burg. Among 
the more prom inent of these m ay be m entioned:

T . V . Curran, Placerville, Colo.
W . L. Cum m ings, P lacerville, Colo.
O. B . W ilsm arth, M ontrose, Colo.
D a v id  T aylo r, S a lt L ak e C ity , U tah.
T h e  costs of mining and especially of transportation are an 

im portant factor in the m arketing of carnotite. The Green 
R iv er  deposits h a v e  a d istinct advan tage  over the Colorado 
deposits in th is respect, as th ey are nearer the railroad, but, 
as their ores do n ot average so high in uranium , this advantage 
is more apparent than real. T h e  present costs of mining, sorting 
and sacking in the Paradox ap p aren tly  v a ry  from  about $28 to 
$40 per ton. T o  th is m ust be added an $18 to $20 hauling 
charge to  Placerville, and, in most instances, an additional charge 
for burros from  the mines to points th a t can  be readied b y  wagon. 
T h e freight rate  from  Placerville  to  H am burg via Galveston is 
$14.50 per ton, so th at the average cost a t  present to the miner 
of layin g  dow n his ore a t  the European m arkets a p p ro x im a te s  

$70 per ton. T h e selling price varies w ith the uranium content 
b u t is b y  no means proportional thereto, since a premium is 
a lw ays paid for rich ores. V e ry  recently, however, a decided 
im provem ent has taken place and for 2 per cent ore, the price 
is now around $2.50 per pound for the contained uranium oxide 
w ith  an allow ance o f  about 13 cents per pound for the v an ad iu m
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oxide content, so th at the 2 per cent ore w ill now bring in H am ­
burg about $95 per ton. One per cent ore is- now salable b u t 
unless this ore is taken  from  the dum p, so th at the mining cost 
may be disregarded, it  w ill scarcely bear present transportation 
charges from the Paradox, although it is more than probable 
that it w ill soon be shipped regu larly  from  the U tah field.

A  price of $95 a t H am burg for 2 per cent ore leaves a fair 
margin of profit to the miner, as m ining profits go, bu t when 
it is considered th at this price represents on ly a little  over one- 
sixth of the value of the radium  content of the ore and th at 
from this fraction  of the value the A m erican miner has to meet 
the ou tlay  represented b y  the investm ent, b y  mining costs, 
transportation and assay costs and b y  losses in transit, it seems 
scarcely ju st th at nearly five-sixths of the value should go to 
foreign m anufacturers of radium , especially when the fact is 
considered th a t radium  can be produced much more readily 
from carnotite th an  from pitchblende. There are tw o w ays of 
reducing this difference betw een the actual value of the ore and 
the price th at the miner receives. One is to hold our Am erican 
ores for a higher price, and the second is to m anufacture radium 
at home.

Large w astes are still taking place in the mining of carnotite, 
owing to the in ab ility  of the low-grade ores to bear transporta­
tion charges. A s has already been pointed out, however, a  dis­
tinct im provem ent in this respect has taken place within the last 
few months. T h e  miners are beginning to realize the value of 
their old dum ps and are attem pting to save the low-grade 11011- 
shipping ore in such w a ys as w ill render its m arketing possible 
when prices advance. T h e  B ureau of M ines has done every­
thing it  can to  impress the necessity of this truest kind of con­
servation upon the mine operator.

In addition there is prospect th a t m ost of the low-grade ores 
can be successfully concentrated b y  m echanical methods, and 
experiments a t the D enver office of the Bureau of M ines indicate 
that a concentration of four to one can be obtained. In this 
concentration, how ever, there are losses w hich could be pre­
vented b y  chem ical concentration, b u t a t  the present tim e it 
costs more to  ship the necessary chem icals to the mines than 
it does to ship the ores to  places where these chemicals can be  
cheaply obtained. I t  would appear, however, that mechanical 
concentration can save a t  least one-half of the m aterial th at is 
now going to waste.

Although, until recently, the m anufacture of radium from car­
notite has been carried on alm ost w h olly  in France and Germ any, 
there appears to be no good reason w h y our Am erican carnotite 
should not be treated a t  home. C arn otite  is much more easily 
treated than pitchblende and the essential features of methods for 
its chemical treatm ent are well known, although much of the me­
chanical detail of operation has been kep t secret. A s the mechan­
ical requirements, however, are those which any well-grounded 
chemical engineer should be able to  solve, there seems to be no 
good reason w h y a n y  of our carnotite ores should be shipped 
abroad, even a t  tw o or three tim es the present m arket price of 
the material. A s before stated, the essential features of chem ­
ical methods of extracting radium  from its ores are well known. 
As regards the principles involved, the m ethods have advanced 
little beyond the original m ethod published b y  Debierne.

The methods for carnotite m ay be described best in the words 
of Soddy, in an extract from  "T h e  C hem istry of the Radio 
Moments”  b y  Frederick Soddy, page 45, published in 1911 by 
Longmans, Green &  Co.

"The most im portant operations in the working up of radium- 
containing m aterials are the solution of the materials, consisting 
usually of insoluble sulfates, and the separation of the halogen 
salts of the alkaline-earth group in a pure state, followed b y  their 
fractional crystallization. T h e  first operation is usually  effected 
by vigorous boiling w ith  sodium  carbonate solution, filtering 
■and washing free from  sulfate. T h is is the well-known reaction

studied dynam ically b y  G uldberg and W aage, w hereby an 
equilibrium  is attained betw een the tw o pairs of soluble and 
insoluble sulfates and carbonates. N atu ra lly  the greater the 
excess of sodium carbonate the larger the proportion of insoluble 
sulfate converted into insoluble carbonate. In  this operation 
it is advisable not to wash a t  once w ith  w ater b u t w ith  sodium 
carbonate solution until m ost of the sulfates are rem oved, as 
thereby the reconversion of the carbonates back into insoluble 
sulfates is largely prevented. In dealing w ith  crude materials, 
for exam ple, the radium -containing residues from pitchblende, 
it is often advantageous to  precede this operation b y  a sim ilar 
one, using a sodium hydrate solution containing a little  carbonate 
which dissolves part of the lead and silica present. T h e carbon­
ates washed free from sulfates are treated w ith pure hydro­
chloric acid which dissolves the alkaline earths including radium. 
From  the solution the latter m ay be precipitated as sulfates 
b y  sulfuric acid and reconverted back into carbonates as before. 
Orsom etim csm ore conveniently th ey m ay be precipitated directly 
as chlorides b y  saturating the solution w ith  hydrogen chloridc: 
this is a very  elegant m ethod of great u tility  in the laboratory, 
for the most probable impurities, chlorides of lead, iron, calcium , 
etc., remain in solution and only the barium  and radium  chlorides 
are precipitated, p ractically  ¡11 the pure state, ready for fraction­
ation.”

T h e price of radium  appears for some tim e to have been 
holding steady a t about $120 per m illigram  of radium  metal. 
T his does not mean th at the m aterial is bought in the elem entary 
condition b u t th at the radium  chloride and radium  bromide, 
which are on the m arket, are paid for on the basis of the m etallic 
radium  th ey contain. T his m ethod of p aym ent is a distinct 
advance over the old m ethod of payin g the sam e price indis­
crim inately for the chloride or brom ide. T his price of S i 20 
per m illigram  of the m etal is equivalent to approxim ately 
$91,000 per gram  of radium  chloride (R aC l2), or $70,000 per 
gram of anhydrous radium  brom ide (R aB r2). W hether this 
price will rise, fall, or rem ain station ary can not be predicted. 
There is no question th at there is to be an increased radium  
production and th at meso-thorium is also com ing upon the 
m arkets in increasing qu an tity  b u t the uses of and dem and for 
radium are apparently developing a t  an even greater rate. 
Furtherm ore, the supply of the m aterial is lim ited and no large 
resources are in sight. O n ly one estim ate has been published of 
the total qu an tity  of radium  in the Colorado carn otite  deposits 
and th at w as 900 grams. T h is estim ate is a t least five tim es as 
large as has been made b y  any em ployee of the B ureau of M ines, 
reckoning all know n deposits in the whole A m erican field, even 
including m aterial too low grade to be m arketable. Besides 
the radium, the uranium  and the vanadium  present in carnotite 
are available assets, and recent developm ents indicate th a t all 
the uranium produced w ill soon be readily sold, while it  is well 
known th at there is a ready m arket for vanadium  for vanadium  
steel.

T he value to  the public of these deposits is, however, n ot to 
be measured in dollars and cents. T h e value of the radium  
output of Am erica will never com pare w ith th at of several of 
our common metals. T he total valu e of the radium  in the w orld’s 
output of radium  ores in 1912 w as little  more than $1,000,000. 
A ccordingly the value m ust ever be reckoned in w h at it  can 
accomplish for the public knowledge and the public weal. N o  
certain prediction can be m ade of the ultim ate value of radium  
or of its'possible applications to science or medicine, b u t enough 
has been done to show th at radium  is w orth y of the fullest in­
vestigation b y  our highest scientific and medical authorities. 
D evelopm ents in its application to medicine are com ing fast. 
T h e foreign medical press contains m any apparently  authentic 
reports of cures b y  its use. Interesting developm ents are also 
under w a y  in Am erica, and those who have had the largest 
personal experience in its use are m ost enthusiastic over its
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future application. T h e public m ay soon look to im portant 
publications from leading Am erican authorities who have had 
real experience in radium  therapy. I t  is to be greatly  regretted 
th a t owing to the high price of the m aterial, only three or four 
A m erican surgeons have, so far as the B ureau of M ines is in­
formed, been able to  use it in quantities sufficient for the draw ing 
of decisive conclusions. In  the progress of the future applica­
tions of radium  to  the curing of disease, nothing is more to  be 
feared than its use in nostrum s of every  kind. T he "w onders 
of radium ” have been so extensively exploited in the public 
press th at already the nam e is being em ployed as a psychological 
agent in advertisem ents of all kinds of materials, m any of which 
contain no radium  a t all or, if this elem ent is indeed present, 
in such sm all quantities th at no therapeutic valu e can be ex­
pected. A s bearing on the need of further experim ent, atten ­
tion is called to the fact th at the concentrated action of large 
quantities of radium  m ay effect cures th at have been impossible 
w ith  the sm aller am ounts heretofore availab le  to  the m edical 
profession. I t  is doubtful if there is a t the present tim e in the 
hands of the medical profession of Am erica more than a single 
gram of this rare clem ent, and the results of investigations soon 
to be published w ill show th at the concentrated action of the 
gam m a rays from several hundred m illigram s arrest certain 
forms of cancer and other m alignant growths when sm aller 
quantities are w ithout beneficial effect. I t  is highly im portant 
th at the m edical profession should also have some guarantee 
of the m aterial they purchase even if it is purchased in small 
quantities, and I am glad to note th at the U. S. B ureau of S tan d ­
ards is preparing to  standardize radium  preparations. A s 
several frauds in the sale of radium  have already been perpe­
trated upon Am erican physicians, they should all require th a t the 
q u ality  of the m aterial purchased should be certified under 
conditions which prevent error.

In  closing, I take pleasure in saying th at I am authorized b y  
the D irector of the B ureau of M ines to announce th at a co­
operative agreem ent has been entered into w ith  the new ly "or­
ganized N ational R adium  Institute, whereby the B ureau ob­
tains the opportunity of a scientific and technological stu d y  of 
the mining and concentrating of cam otite  ores and of the most 
efficient methods of obtaining radium , vanadium , and uranium  
therefrom, w ith a view  to increased efficiency of production 
and the prevention of waste.

T he N ational R adium  Institute  w as recently incorporated 
w ith the following officers:

H o w a rd  A . K e l l y  of Baltim ore, President.
C u r t is  F. B u rn a m  of B altim ore, Vice-Presl.
A r c h ib a ld  D o u g la s  of New' Y o rk , Secretary and Treasurer.
Jam es D o u g la s  of N ew  Y o rk  and E . J. M a lo n e y  of W ilm ing­

ton, additional Directors.
T he Institute  has no connection w ith the mining of p itch ­

blende, details of which recently appeared in the D enver papers. 
I t  has, however, obtained the right to  mine 27 claim s in the 
Paradox V alley  region am ong which are some of the best mines 
in this richest radium -bearing region of the world. N early  
100 tons of high-grade cam otite  have already been procured. 
U nder the agreem ent w ith the B ureau of M ines the technical 
operations of the mines and mill are to  be guided b y  the scientific 
staff of the Bureau. W ork w ill begin in an experim ental plant 
to  be erected in Colorado, using entirely new methods developed 
a t  the D enver office of the B ureau of M ines. Concentration 
experim ents also will be conducted in the Paradox, probably 
a t the Long P ark  claims, and if successful will be applied to  re­
ducing the w astes th at now tak e  place. W ithin  a  year a t most 
the mill operations should m ake results certain  and the e x ­
traction  of ore and production of radium  will then be continued 
on a larger scale. T h e  separation of uranium  and vanadium  
w ill also be studied, a contract having already been signed for 
all of these by-products th at m ay be produced. A ll processes.

details of apparatus and plant, and general inform ation gained 
w ill be published for the benefit of the people.

T h e In stitu te  is supplied w ith sufficient funds to carry out its 
plans. T h e Institute  has been formed for the special purpose of 
procuring enough radium  to  conduct extensive experim ents in 
radium  therapy w ith  special reference to the curing of cancer. 
I t  also expects to carry on investigations regarding the physical 
characteristics and chem ical effects of radium  rays and it hopes, 
in time, to be able to assist or perhaps even duplicate the effects 
of these rays b y  physical means.

A ctu al experience, especially of the In stitu te ’s president, in 
the application of the 650 m illigram s of radium  and 100 milli­
gram s of meso-thorium already in his possession, has led him 
and his associates to believe th at w ith larger supplies many of 
the variables th at cannot now be controlled m ay be fully cor­
related, and th at radium  m ay become the m ost effective agent 
for the treatm ent of cancer and certain other m alignant diseases. 
Im portant results have already been obtained b y  using high 
concentration of the gam m a rays of radium  w ith  the alpha rays 
entirely cu t o il and the beta rays largely elim inated. Hospital 
facilities in both B altim ore and N ew  Y o rk  are already supplied.

T he activ ities of the Institute  are sure to be of benefit to the 
prospector and miner b y  providing a  greater demand for his 
already rare ore; to the plant operator by  developing methods and 
b y  creating a  larger m arket for his product; and to the people 
b y  assisting, and possibly b y  succeeding, in controlling the most 
m alignant of diseases. T h e  radium  produced is intended for 
the In stitu te ’s own use and w ill consequently rem ain a t home.

T h e B ureau of M ines is especially fortunate in this opportunity 
to  cooperate in the technological features of the work of the 
N ational R adium  Institute.

B u r e a u  o f  M i n u s .  W a s h i n g t o n

T H E  R E L A T IO N  O F  B IG  B U S IN E S S  T O  IN D U STR IA L 
P R O S P E R IT Y  W IT H  S P E C IA L  R E F E R E N C E  

T O  M IN IN G 1
B y  C h a r l e s  R .  V a n  H i s e *

In an address before the Am erican M ining Congress on the 
above subject, the speaker, one of the leading political economists 
of the country, declared th at the Sherm an anti-trust act was 
responsible for the trem endous w aste in m ining through per­
m itting unrestrained com petition. H e said th at when the 
Sherm an a ct w as passed, "im m ediately the wheels, so far as 
cooperation w as concerned, were turned back to the conditions 
of the middle ages.”  H e urged th at an interstate trade com­
mission and state  trade comm issions be established, which shall 
have substantially the same power to regulate cooperation in 
industry, th at the Interstate Com m erce commissions have in 
regard to public utilities.

" I t  seems th a t the Interstate and S tate  Com merce Commis­
sions and the adm inistrative bodies for the pure food laws point 
the w a y  for the n ext constructive step in the developm ent of the 
law's. I t  would perhaps be chim erical, w ith public opinion as 
a t present, to propose the repeal of the Sherm an law, but the 
situation m ay be m et b y  am endm ents to this law. T he Sherman 
a ct can be le ft to  apply, as defined b y  the Suprem e Court, to 
m onopoly. U nreasonable restraint of trade m ay be defined as 
m onopolistic restraint of trade, and it is rather generally agreed 
th at m onopoly should be prohibited. T o  m ake the matter 
perfectly  clear another am endm ent should allow reasonable co­
operation, b u t such cooperation should be under the watchful 
eyes of adm inistrative commissions in order to  protect the public.

"T h ere  can be no question th at the com petitive system, when 
unrestrained, is positively opposed to the policy of conservation. 
T his is true alike for minerals and tim ber. The minerals of

1 A b s t r a c t e d  b y  t h e  A m e r ic a n  M ining Congress, P h i la d e lp h ia ,  O ctober,. 

22, 1913.
2 P resident of th e  U niversity  of W isconsin.
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the earth require the building of the earth for their making. 
M ineral deposits are doubtless in the process of m anufacture at 
the present tim e; bu t even if so, this is a t so low a rate as to be 
negligible. From  the point of view  of m ankind, the stores of 
minerals in the earth are deposits of definite m agnitude upon 
which we m ay draw b u t once and which by 110 possibility can be 
increased. In this connection it should be recognized th at mod­
ern civilization w ould not be possible w ithout the mineral re­
sources of the earth— no iron ships, no tools except those of stone, 
no fuel b u t wood. W ithout the sub-surface products of the 
earth we would a t once return to the m aterial conditions of the 
stone age. I t  is therefore incontrovertible th at from the point 
of view of the hum an race, economic system s or laws which re­
sult in unnecessarily rapid use of the mineral stores of the earth 
are indefensible; b u t such are the economic theories and laws 
now dom inant in the U nited  States.

“ The wastefulness of the com petitive system  m ay be proved 
with regard to every  product which is taken from the earth. 
Lead and zinc in W isconsin and M issouri are mined on a small 
scale under an extrem e com petitive system . The losses of these 
metals in their m ining and m etallurgy are nothing short of ap­
palling. In southeastern M issouri, according to the late Dr. 
Bulklcy, not less than 15 per cent of the metal is left under 
ground; the losses in concentration approach 15 per cent; the 
losses in sm elting and concentration frequently am ount to 15 
or 20 per cent; thus m aking a total loss of from 45-50 per cent. 
These great losses are due to  the system  of numerous small 
holdings com bined w ith the com petitive system . High royalties 
on the part of the sm all feeholder are demanded of the operator. 
The operators desire to get large returns at the earliest practical 
moment upon this sm all investm ent. In  consequence ore is 
left in the ground th at should be m ined; unnecessary losses take 
place in concentration, also unnecessary losses occur in smelting.

“ B ut the m ost disastrous losses in mining as far as the future 
of the human race is concerned are in connection w ith coal. 
Director Holmes of the U nited S tates Bureau of M ines, in a 
paper upon mineral w astes, presents the facts In regard to the 
ruinous w astes of the unrestrained com petitive system  in con­
nection with coal. H e says th at in the early  days of mining when 
there was much subdivision of ownership not more than 30-40 
per cent of the anthracite coal in the veins mined were brought 
to the surface, leaving from 60-70 per cent in the ground. He 
states th at even a t the present tim e not more than 50 per cent 
of the anthracitc reaches the surface. T he situation is similar 
for bituminous coal, b u t until recently the losses for such coal 
was substantially half. T his loss has been som ewhat reduced, 
but it continues to be appalling. Holmes estim ates th at sincc 
the beginning of m ining in the U nited States, 'tw o billion tons 
of anthracite and three billion tons of bitum inous coal have been 
left underground in such condition as to m ake its future recovery 
doubtful or im possible.’ T he principles which from the point 
of view of conservation should apply to the mining of coal are 
well known. So far as practicable the mines should be so worked 
as to make one superimposed vein after the other available. 
Coal slack should be reduced in am ount and utilized. No 
considerable percentage of coal should be left in the ground as 
pillars. If these reform s were introduced, the losses could be 
reduced to half the present am ounts and possibly to one-fourth.

“ But to ask th a t a n y  such proposals should be put into opera­
tion is purely chim erical. Under the Sherm an law  there is no 
opportunity to lim it output, divide territory', or regulate prices. 
Five thousand bitum inous operators could produce 200,000,000 
tons of coal per annum  beyond present demands. If the opera­
tors could agree upon lim itations of output, and division of 
market so as to  reduce freights, and could arrange for reasonable 
Prices, which would give them  no more than their present profits, 
they would then be able to follow these principles in mining their 
coal; for they them selves would be gainers in prolonging the life

of their mines, and far more im portant m any future generations 
would be the im m easurable gainers in th at th ey would have an 
adequate coal supply.

"U n d er the com petitive system , we arc recklessly skim m ing 
the cream  of the natural resources of a  virgin continent w ith no 
regard for the rights of our children or our children’s children. 
T h e y  w ill have a h eavy score against us if we continue to ignore 
the future and to apply the unrestrained com petitive system  in 
to ta l disregard of their rights.

" M y  proposal to  rem edy these conditions is neither regulated 
com petition, nor regulated monopoly, but retention of com pe­
tition, prohibition of m onopoly, permission for cooperation, 
and regulation of the latter. A t  the present time there are state  
and national m ovem ents to  still further extend the advantages 
of cooperation to the farmers. S ince it is unquestionable that 
the sense of justice of the citizens of the United States will 
support the courts in prohibiting class legislation, we shall, 
therefore, I believe, u ltim a te ly  perm it cooperation in all lines 
of business alike. I f  we, how ever, retain freedom of com petition, 
perm it concentration sufficient to  give efficiency, allow reason­
able cooperation, and p reven t m onopoly, this will require regula­
tion ju st as it has been necessary to regulate the railroads. 
T his done, the Sherm an law w ill be forgotten. H as there been 
any prosecution of the railroads for violations of the Sherm an 
law because of collusion in fixing rates? A n d yet, every  one 
knows th at th ey are ju st as flagrant violators of the Sherm an act 
as any other class of corporations in the U nited States. A re the 
freight rates the same for different roads between any tw o 
points? A re the passenger rates between Philadelphia and 
Chicago identical on all roads? C an you do better in price by 
traveling over the Pennsylvania, than over a n y  other road? 
T he rate is the same providing the speed is the same. H ow 
does it happen th at the roads all got together? Just b y  P rovi­
dence I suppose. It w as doubtless b y  a providential a ct th at 
these rates were fixed identically upon all the roads, under the 
same conditions, all over the country.

"W h y  is it th at nobody proposes to indict the railroads for 
collusion? Sim ply for the reason th at the rates which th ey can 
charge are controlled b y  commissions, national and state. 
N obody any longer wishes to m ake them further trouble, because . 
the public is protected b y  its commissions T h e  railroads are 
ju st as am enable to a tta ck  under the Sherm an a ct as any other 
com bination in the U nited States, bu t when the railroads are 
giving reasonable rates, and are com peting in givin g reasonable 
service, even if the law  is on the statute book and is the hallowed 
thing th at has been described— the sense of official justice is 
such th at they are not attacked in the courts. W ill the A ttorney- 
General of the U nited States or the A ttorney-G eneral of this 
or any other state, bring suit against the railroads for con­
spiracy in fixing rates when the public is properly protected?
I have not heard the proposal m ade anywhere.

"H ow ever, it  is a wrong condition when we have on the statute 
books a law of a kind which requires the officials o f justice  to 
elose one eye whenever they pass b y  the men in control of one great 
group of industries, and a t the same moment see other men not 
one w hit more guilty. W e ought to rem edy this condition so that 
honorable business men shall not be in the position, the un­
fortunate position, of being technically violators of statutes which 
it is not advantageous from the public point of view  to enforce.

“ In regard to the Sherm an act, it has been assumed th at its 
only violators are the great com binations. T his assum ption 
is m ade in practically all discussion of the question. T he Steel 
T rust, the T obacco T rust, and a few other large com binations 
are m entioned; and it is supposed th at the small business men 
and the small producers are not acting in violation of the law. 
B u t the principle of cooperation which the Sherm an a ct tries to 
suppress extends from the great industrial centers, like P h ila­
delphia, to the country cross-roads. D oes it m ake any difference
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here in Philadelphia, the home of anthracite, whether one buys 
anthracite of one retail dealer or another? I t  doesn’t  m ake any 
difference in the country cross-roads either. T h e  price is ju st 
the same from all the dealers in the same locality. T h e same 
is true of ice, the antithesis of anthracite, and is also true of all 
standard articles. T h e  principle of cooperation has extended 
from the great m anufacturers and the great dealers of the large 
cities to the sm all m anufacturers and sm all dealers of the sm all 
cities and even villages. A ll are cooperating in the sam e w ay; 
the principle is the same for the large and sm all m an; one is 
vio latin g the law  ju st as certain ly as is the other. I  am w illing 
to stand for enforcem ent of law  w hen the law is enforced alike 
for all; b u t when som ebody is picked out because he is in the 
front seat, or becausc it is good politics to a tta ck  him, and ninety- 
nine or nine hundred and ninety-nine are allowed to  escape, I 
say th at it is a profoundly imm oral situation. A n d th at is 
exactly  the existing situation in this country. T h e politician 
w ho says, ‘B reak up these trusts; destroy them ,’ says w ith the 
sam e breath, ‘W e m ust have cooperation am ong farm ers.’

"W h y , the cranberry growers of C ape Cod, N ew  Jersey, and 
W isconsin, sell about 90 per cent of their products through an 
agency down in H udson Street, N ew  Y o rk . S im ilarly  m any 
products of the farm ers, illustrated b y  cotton, citrous fruits, 
etc., are m arketed through cooperative selling agencies. H ave 
we heard of the A ttorney-G eneral prosecuting these farm ers? 
Congress understands the situation and a t their tw o recent sessions 
th ey attach ed to  the Sundry C iv il bill a clause containing an 
appropriation of $300,000 for the enforcem ent of the anti-trust 
laws, which included the provision ‘th at none of this m oney 
should be spent in prosecuting com binations or agreem ents of 
labor, nor spent for the prosecution of producers of farm products, 
and associations of farm ers w ho cooperate and organize in an 
effort to and for the purpose to obtain  and m aintain  a  fair and 
reasonable price for their products.’ T h e purpose of this pro­
vision is clearly to m ake the Sherm an law  class legislation b y  
indirection and in  effect to prevent equality  before the law of 
the m anufacturer as com pared w ith  the farm er. A n d  some of 
the sm arter state  legislatures have seen the situation and in 
order to  p revent the farm ers from being h it b y  their anti-trust 
bills exem pted the products of the lands so long as in the hands 
of the producers. Y o u  see, the state  legislatures, like Congress, 
saw th a t the farm ers have so m any votes th a t th ey have to  be 
dealt w ith gen tly  when th ey form a trust. B u t some of the 
state  law s got into the U nited States courts, and these courts 
prom ptly declared these exem ptions unconstitutional as being 
special legislation. I  ven tu re to  predict th a t it  w ill not be 
so popular a  political gam e to shout, 'B u st the trusts;’ when the 
fanners understand th a t their trusts are also to  be ‘busted .’ 
N o  more pernicious or imm oral legislation w as ever passed b y  
Congress or b y  the states. T h e  principles of justice  in regard 
to  trusts and com binations are alike for the m anufacturers, the 
farm ers and the laborers. In  this country w e have not a special 
situation  which concerns a few  men, b u t a general, irresistible 
impulse. T here is ju s t as close-riveted an arrangem ent betw een 
the three icem en in the country tow n as there is in steel; and 
a n y  solution of the problem of com bination, if it  be a ju st solu­
tion, m ust be applied not only to  steel, tobacco, etc., b u t to  the 
sm all tradesm an, the farm er. Just as certain ly as the great 
com binations are violating the Sherm an act, as I have no doubt 
m an y of them  are, so are the sm all aggregations of w ealth v io­
latin g state  anti-trust statutes. T his general violation  of the trust 
laws, national and state, is the problem th at we have before u s.”  

U n iv e r s it y  o k  W is c o n s in , M a d is o n

F E R T IL IZ E R  C H E M IS T R Y — A  R E P O R T  O F  P R O G R E S S  1
B y  P a u l  R u d n ic k

T his report is not intended to  be a  com plete or detailed account 
J C hairm an’s address delivered before the Division of Fertilizer Chem is­

try , Septem ber 11, 1913, a t  th e  48 th  M eeting of the  A. C. S., Rochester.

of the su bject w ith  which it  deals; the idea has been rather to 
point out v ery  briefly  on ly the m ost im portant developments 
appearing in the field since the previous report under the same 
title  presented on a sim ilar occasion.

In addition to  the process of oxidizing atm ospheric nitrogen 
b y  means of the electric arc as developed b y  Birkeland and Eyde 
and b y  Schoenherr and the process for converting nitrogen into 
am m onia b y  th e m anufacture of cyanam ide (Frank and Caro) 
and b y  the m anufacture of alum inum  nitride (Serpek),1 we have 
had the announcem ent of the process of direct combination of 
nitrogen and hydrogen to am m onia b y  means of catalyzers in 
the process of H aber and Le Rossignol as described in the paper 
of Professor Bernthsen before the E ighth  International Congress 
of A pplied C h em istry.’  T o  the original catalyzers, iron, man­
ganese, nickel and cobalt, have been added chrom ium  and cerium 
and later osmium and uranium . T h e la tter tw o are said to be 
superior to all the others, and w ith them  it w as possible to work 
a t  tem peratures of 5000 to  600° C. under high pressures at 
the rate  of several kilogram s of am m onia per hour and per liter 
of space occupied b y  the catalyzer. In  the m anufacturing pro­
cess it  has been found possible to  replace osmium and uranium 
b y  cheaper catalyzers based on the im provem ent produced by 
certain  additions. E lectro lytic  hydrogen has been replaced 
b y  hydrogen m ade from coal because the im purities which were 
poisonous to the catalyzers in hydrogen so produced were dis­
covered and elim inated.3

I t  is further announced th at the O stw ald process for making 
n itric acid from  ammonia, w hich a ttracted  considerable atten­
tion some ten years ago, has recen tly  been taken  up in a com­
m ercial w a y  in England. T h is process is stated to depend upon 
the oxidation of am m onia to n itric acid b y  m eans of die catalytic 
action of spongy platinum  or platinum  black. T he ammonia 
needed as raw' m aterial is to  be obtained from  the decomposi­
tion of calcium  cyanam ide.'1

R ecen tly  the m arket has shown a  considerably increased ac­
t iv ity  in calcium  nitrate.

A  prelim inary research on the fixation of nitrogen by aluminum 
carbonitride has been announced.5

A n  effort to  increase the price of beehive coke m ay furnish 
an artificial stim ulus to  th e by-product coke industry and, there­
fore, to  the production of am m onium  sulfate.6 Increased by­
product oven facilities now  contem plated will, of course, add 
to the dom estic production of sulfate of am m onia to a certain 
extent. T h e  leading A m erican by-prod uct coke concerns report 
th a t the outlook for the in dustry is brigh t and th at the market 
could absorb a larger production if it  were availab le.7

W ith  reference to the life of the C hilean nitrate beds it is an­
nounced th a t the n itrate  existing in all the deposits of Chile 
w hich have been prospected, b u t n ot all surveyed, is estimated 
a t  1,000,000,000 tons. Large supplies probably also exist 011 
lands now b u t incom pletely prospected. T h e  surveyed and certi­
fied tonnage opened up a t the present tim e ready for extracting 
is fu lly  250,000,000 tons. T h e  probable life of the surveyed 
deposits is a t  least several hundred years, even allowing for a 
steadily  increasing annual rate  of consum ption.8 A n excellent 
description of th e C hilean nitrate fields b y  Dr. W . S. Tower 

has ju st appeared.9
In  connection w ith  the m any processes proposed for the pro­

duction of availab le  phosphoric acid from phosphate rock b) 
m eans other than acidulation w ith  sulfuric acid, it is c la im e d  

th a t a product analyzin g 45 per cent of available phosphoric

1 T h i s  J o u r n a l ,  B ,  3 3 5 .

:  Ibid., 4 ,  7 6 0 .

* Chem. Ztg., 37, 5 8 4 .

1 M et. Chem. Eng., 11, 4 3 8 .

» A m . Ferlz., 39, 2 5 .

« M et. Chem. Eng., 11, 4 2 7 .

'  . 4 m .  Ferlz., 39, 3 7 .

* Ibid., 39, 5 6 d .

» Pop. Set. M on.,r83, 209.
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acid, 12 per cent am m onia, and 5 to 6 per cent of potash is now- 
being produced com m ercially.1 T he explanation of the process 
given is th at instead of sulfuric acid a p lant food is used in the 
new process. From  another source5 w e learn th at in this method 
the phosphate rock is treated in an electric furnace, the phos­
phoric acid being recovered in vap or form. I t  is stated th at the 
new m ethod cannot be worked successfully w ith a higher current 
cost than $4 per horse power per annum , which is a much lower 
figure than has ever been attained in this country.

In this connection it m ust be considered th at the utilization of 
sulfur-bearing gases is undoubtedly increasing right along, chiefly 
because of the dam age which, it is claim ed, is being done b y  these 
gases. T h e e lectrolytic  precipitation process of C ottrell3 and 
the thiogen process, in w hich the sulfur is recovered as elem entary 
sulfur, seem to be m aking satisfactory  progress.4

An extended review  of possible sources of potash in the United 
States b y  Cam eron has appeared recently.5 I t  covers in addi­
tion to the minor sources the more im portant possibilities such 
as alunite, salines and salt beds, feldspar, green sand marls and 
kelp. T he possibility of recovering potash from the flue dust of 
cement plants in w hich potash feldspar is used instead of clay 
or shale is also described. T h e  m anufacture of potash from kelp 
has apparently reached the com m ercial stage, judging from 
a recent advertisem ent.0

The extraction and refining of oil and of the production of 
ammoniates from the Pacific C oast Fisheries is apparently a t­
tracting attention  in a com m ercial w a y  and this m ay present 
some interesting chem ical problem s to the fertilizer chem ist for 
solution.

The controversy betw een various authorities on the theory 
of soil fertility, including a  satisfactory theory of fertilizer action, 
is still active, b u t no im portant new developm ents have been 
recently announced.

A r m o u r  a n d  C o m p a n y

U n io n  S t o c k  Y a r d s , C h ic a g o

FOOD S T A N D A R D S  A N D  T H E IR  E F F E C T  U P O N  F O O D  
L A W  E N F O R C E M E N T 7

B y F l o y d  W . R o b is o n

From a standpoint of food law  enforcem ent, there has been 
quite a constant official pressure tow ard the creation of food 
standards. Food standards have had m uch to do w ith im prov­
ing the quality  of foods, and it  is therefore w ith  full appreciation 
of this condition th a t w e ven tu re for purposes of discussion a 
few points bearing on the effect of standards as w ritten in the 
law on food law  enforcement.

Obviously, the a n alyst w hen passing upon the purity of a food 
product m ust h ave  some standard in mind. I t  is either an ex­
pressed standard or an understood standard. Such a standard, 
if followed, should be one th a t w ill allow' the w idest liberty to 
the pure product. P rim arily  it  should be borne in mind that 
a food product can n ot in justice  be suited to  the lim itations of 
the analyst. W ith  m anufactured foods the w'idest latitude m ust 
likewise be given for in dividu ality  of m anufacture and room should 
always be allowed for a  variation  in standard due to  actual im ­
provement in process of m anufacture.

It has been the aim  of m an y food law officials to incorporate 
in the laws of the various states as m any food standards as 
possible. In  so doing the w ork of the food analyst and the food 
department has been v ery  m aterially  simplified. In  plain words, 
a violation of the law  m ay in this w a y  be more clearly and more 
surely perhaps pointed out to  a  ju ry  of tw elve men. This

1 H anuf. Rec., Ju ly  21, 1913.
1 Am. Fertz.. 39, 38.
1 This J o u r n a l , 3, 542.
4 Am. Fertz., 39, 55; also T h is  J o u r n a l , 5, 955.
1 Com. Fertz., 7, 22.
* Am. Fertz., 39, 20-21.
’ Presented a t  th e  48 th  M eeting  of th e  A. C. S.. Rochester, Septem ber 

*-W, 1913.

a t first glance m ay seem v ery  desirable b u t it  is the actu al 
working out of the plan th a t we should observe. L e t us take 
a  specific case, for exam ple, cider vinegar.

U ntil the present year the M ichigan statu te  required th at a 
ferm ented vinegar should have not less than 4 per cen t of acetic 
acid, i 3/< per cent solids and 1/t per cen t ash. I t  becomes 
perfectly simple then to sustain a case in court where the solids 
are i ‘ /2 per cent or where the ash m ay be l/t per cent w ithout 
takin g into consideration a t all the question of the real purity  
of the product.

On the other hand, it  becomes extrem ely difficult to prove an 
infraction of the law  when the standards set in the law  are m et 
b y  the food product in question. W e have had states’ attorneys 
actu ally  refuse to enter com plaint in the case of a  to ta lly  sophis­
ticated product, because so far as its standard w as concerned it 
complied w ith  the figures set in the law.

Food standards in so far as th ey  effect other than the essential 
constituents of th at product when placed in the statute become 
actu ally  a standard of adulteration instead of a  measure of 
purity.

A nother point: im provem ent of product should a lw ays be 
encouraged b y  a food law. M a n y  tim es a  set standard in the 
law w orks actual hardship upon a  m anufacturer, who b y  ex­
pensive and painstaking devices and processes has im jiroved 
his product, and incidentally in so doing disarranged perhaps its 
several unessential constituents.

R eferring again to cider vinegar, we hold th at pure cider 
vinegar should have not less than 4 to 4V2 per cent of acetic 
acid, derived from  cider. N o w  the essential requirem ents con­
cerning cider vinegar are first, th a t it  m ust be m anufactured 
from cider, and second, th a t it  m ust have not less than a  certain 
am ount of acetic acid. Suppose it  becomes desirable in the 
process of m anufacture to clarify  a product b y  an y  of the methods 
in use or b y  other desirable m ethods not now current. Provided 
the acid is not disturbed nor the cider value impaired, it is m ani­
festly fair th at such im provem ents should be perm itted, yes, 
encouraged b y  the law'.

In  coffee, tea, spices, in fact in nearly all products the inclusion 
of a standard in the law , other than  as indicated above, becomes 
a source of em barrassm ent a t tim es to  the conscientious official, 
and a t the same tim e a  menace to the business of the w ide­
awake, progressive m anufacturer.

I t  is convenient for a food official to  be able to  say  to  the m anu­
facturer: “ W h y the law  states th at you r product shall contain 
a certain ratio of its constituents and it becomes m y d u ty  to en­
force this law .”  A s we have stated heretofore, this simplifies 
the duties of the food official. T h e ratio has been read into the 
law, not because it bears any relation to the food valu e or to  the 
food purity, bu t because perhaps m any analyses of the product 
now on the m arket or produced heretofore show a  certain ratio  
of these constituents. A ctu a l progress under these conditions 
is impossible.

Vanilla  extract is another exam ple. W e are firm in our opinion 
to  date th at the v ery  best Vanilla  E x tract th at has been produced 
has been produced b y  a m ethod quite sim ilar if n ot identical 
w ith  the U . S. P. m ethod, y e t it  would be absurd to  prescribe 
in the law  th at besides a  certain vanillin  content, the extract 
m ust contain a certain qu an tity  of resins and other non-valuable 
constituents of the van illa  bean.

I t  is not essential, neither is it  desirable th at a law guarding 
the purity  of maple syrup should state  the content of ash, or 
any standard other than th at of sugar content accom panied b y  
the injunction of absolute purity. I t  is a fact th a t m any farm ers 
priding them selves on the p u rity  and excellence of their m aple 
syrup do actu ally  add clarifying ingredients, etc., for the very  
purpose of securing greater p u rity  and thereby a  more salable 
product. Such efforts should be encouraged and a  law  should 
not prohibit progress of this kind.
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T h e standard is m ost properly the analysts’ guide and should 
be prom ulgated for th at purpose. T o  incorporate a standard 
in the law  other than to regulate as w e  have stated above the 
m inimum strength of the essential ingredient or the m axim um  
am ount allow able of any specially undesirable constituent is to 
place a premium upon analytical incom petency.

T here are places where the standards can be stated  and m ay 
be properly incorporated in the law. T his includes the fat and 
solids in m ilk, b u t not the ash nor the specific g ra v ity  nor the 
refractive index of the serum. Likew ise the acid of vinegar bu t 
n ot the solid, ash, alkalin ity, glycerine, nor the other non-valu­
able constituents. T h e vanillin  content of vanilla  extract per­

haps; the citral content of lemon extract; the arsenic and iead 
lim its in foods and food colors; and the m axim um  amounts of 
preservatives, if perm itted, m ay be m ade a p art of the law with 
perfect propriety.

T h e standard laid down in the law  should be the minimum 
q u an tity  permissible of the desired constituent or the maxi­
mum q u an tity  allow able of a n y  undesirable ingredient, and for 
purposes of food law enforcem ent, it w ill be found, we think, 
preferable to lim it the standards, in so far as th ey are read into 
the law, to p ractica lly  these tw o conditions.

D e t r o it  T e s t i n g  L a b o r a t o r y  
D e t r o it . M ic h ig a n

CURRE.NT INDUSTRIAL NEWS
B y W . A . IIAM OR

AN AU TO M ATIC C H EM IC A L F E E D E R

A ccording to Engineering Record, 68, N o. 10, 264, an a u to ­
m atic typ e  of chem ical feeder has recently been tested a t the 
hydraulic laboratory of the U n iversity  of Illinois b y  the patentee, 
Ralph Hilscher. T h e apparatus w orks in conjunction w ith a 
V en turi m eter and depends for its action directly  on the de­
creased static head at the restricted section.

Referring to the sketch, the device consists of a box divided
into tw o com partm ents b y  a wall 
w hich extends from the bottom  
to w ith in  a  short distance of the 
top. A t  the top of this w all 
is pivoted a horizontal arm, from 
w hich are suspended tw o floats 

of equal dimensions, one in each 
com partm ent, and a t equal 
distances from the pivot. T he 
arm  in com partm ent B extends 
beyond the float and connects 
w ith  a balanced va lv e  on the end 
of a feed pipe, which supplies 
chem ical from a su pply tank.
T h e v a lv e  is so made th at when
the float in B falls below the 

float in A  the downward m ovem ent of the arm will cause the 
v a lv e  to  open and adm it chcm ical solution to  com partm ent B.

Connecting com partm ent B w ith the reduced section of a 
V enturi tube is a  pipe in which there is an adjustable valve. 
A nother pipe connects A  w ith the full section of the V en tu ri 
tube. T h e V enturi tube is inserted in the pipe to  which it is 
desired to feed the chemical.

W hen a flow of w ater occurs through the V en turi tube unequal 
pressures a t the full and reduced sections will tend to m ake the 
levels in A  and B  different, th at in B  being lower. T his differ­
ence in pressure, represented b y  h, is proportional to  the square 
of the rate of flow through the V en turi tube and, if utilized to 
force chem ical solution through an orifice, w ill produce a flow 
through th at orifice directly  proportional to the flow in the main. 
T he adjustable va lv e  acts as an orifice in this device and the 
desired effective head on it is established b y  building up the 
level in B  equal to  th at in A . A s already explained, these tw o 
levels are kep t the sam e b y  the float arrangem ent.

R eferring to the test sheet, the figures are for four different 
tests, each w ith  a  different size o f opening of the adjustable 
v a lv e. T h e first colum n contains the quantities of w ater treated,
measured in a  large tan k a t  the end of each run. C olum n 2
contains the corresponding quantities of solution fed b y  the 
machine, determ ined b y  m easuring the drop in the supply tank. 
Colum n 3 gives ratios of Colum n 2 to  1, and these figures should 
all be the sam e theoretically  for a given size of orifice. The 
ratios are averaged for each test, and in the sixth colum n are

T e s t s  ok  A u t o m a t ic  C h e m ic a l  F e e d e r
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639 2.98 214 5.39 113 +  6 .2
726 3 .49 208 6.30 112 + 3 .2
682 3 .58 190 5 .12 131 — 5.8

1495 8 .03 186 10.11 146 — 7.7
1382 6.59 210 17. 10 80 +  4.3

A verage, . . 202
1620 5 .85 277 9 .2 0 174 +  1.8
1014 3 .8 0 267 18.55 54 — 1.8

Average, , 272
1294 2 .98 434 19.30 66 —0 .2
1680 3 .94 426 10.00 168 — 2.1
1355 3 .0 4 445 14.30 93 + 2 .3

Average. . . 435
1365 3.55 384 13.30 101 —4 .8
1506 3 .58 420 26.00 58 + 4 .0
.1653 4.07 407 10.00 165 + 0 .8

Average, 404

given the per cents b y  w hich the various ratios depart from the 
average. B y  reference to  the fifth  colum n it will be seen that 
rates a t which w ater was treated varied  b y  abou t 300 per cent.

M IC A R TA  AND B A K E L IT E  M ICA R TA

M ica rta  is a new m aterial which has been developed by the 
W estinghouse E lectric  and M an u facturin g Com pany, East 
Pittsburgh , Pa., to  tak e  the place of hard fiber, glass, porcelain, 
hard rubber, built-up m ica, pressboard, rawhide, moulded com­
pounds, e tc .; it is used for com m utator bushings, brush-holdcr 
insulation, as noiseless gear blanks, as conduit for automobile 
wiring, as spools for spark coil and m a gn et windings, for re- 
fillable fuse tubes, for wireless coil separators, for arc shields 
in circuit breakers, for w ater-m eter discs, etc.

M ica rta  is a tan-brown colored, hard, homogeneous material 
having a m echanical strength about 50 per cent greater than 
hard fiber. I t  can readily be sawed, milled, turned, tapped, 
threaded, etc., if a  sharp pointed tool is used, and the work done 
on a  lathe. I t  can be punched on ly in thin sheets and cannot 
be moulded. M ica rta  is n ot brittle, and w ill not warp, expand, 
nor shrink w ith age or exposure to  the w eather, bu t takes a high 
polish, presenting a finished appearance.

T w o grades o f the m aterial are m ade. T h e  grade known as 
bakelite m icarta w ill stand a  tem perature of 150 0 C . continuously, 
or 260° C . for a  short time. I t  is infusible and will remain 
unaffected b y  heat until a  tem perature sufficient to carbonize
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it is reached. H eat w ill not w arp bakelite m icarta, and it will 
stand an electric arc better than hard fiber, hard rubber, built-up 
mica, or any m oulded insulation containing fibrous or resinous 
materials. Its coefficient of expansion is low, being approxi­
m ately 0.00002 per degrte Centigrade.

B akelite m icarta is insoluble in p ractically  all of the ordinary 
solvents, such as alcohol, benzine, turpentine, and weak solutions 
of acids and alkalis, hot w ater and oils. I t  is indifferent to ozone 
— an advan tage over hard rubber, resins, etc., for electrical pur­
poses. I t  is non-hydroscopic and im pervious to  moisture.

T he other grade designated as N o. 53 m icarta has the same 
mechanical and electrical properties as the bakelite m icarta, 
but differs in its chem ical and therm al properties. T he plain 
micarta behaves tow ard chem icals and heat very  much as an 
ordinary resin. T his grade is not used in plate form.

N E W  C E N T R IF U G A L  P U M P

The Engineering Record, Oct. 4, 1913, reports th at a new 
centrifugal pump ranging in size from 2 to 15 inches and suitable 
for low speeds is being placed on the m arket b y  a Philadelphia 
company. T h e  casing is m ade solid w ith a detachable suction 
head and carries on the top  a detachable flange which supports 
the stuffing box and thrust bearing. B y  rem oving the bolts in 
the upper flange the casing m ay be opened for inspection of 
the impeller w ithout disturbing the suction or discharge flanges. 
The casing is of cast iron and is fitted w ith rem ovable bronze 
bushings. T h e  thrust bearing, which is of the radial ball type, 
is carried on the pum p housing and is fitted w ith  a sight feed 
lubricator. T h e guide bearings are lubricated autom atically. 
The impeller is of the closed type. T h e  fram e is of channel 
iron w ith  suitable braces which carry the guide bearings, and 
the motor is supported on a  cast-iron base.

T E S T IN G  T H E  L IQ U O R  IN  S U L F IT E  C O O K S

Paper 13, N o. 4 (Oct. 8, 1913), reports th at according to 
Papicrfabricant the digesting liquor is n ot fully  utilized n the 
manufacture of sulfite cellulose because the samples are im prop­
erly obtained. G enerally  the digesting liquor is run off into a 
copper beaker or a glass vessel, cooled slightly  or not at all and 
then titrated. T h e  SO2 w hen heated or agitated  is changed 
from the liquid into the gaseous form, and as the specimen of 
liquor is agitated  and heated very  greatly  when drawn off, 
a large part of the SO2 escapes. I f  a digester whose total con­
tent of S02 am ounts to 3V2 to 4 per cen t is heated up to io o °  C. 
with gas escaping, scarcely more th an  2 per cent S02 w ill be found.

Therefore, if it  is desired to determ ine the correct proportion 
of SOj in the liquor, it  is recom m ended to  attach  to  the delivery 
outlet pipe a  rubber tube or a leaden worm  of thin piping, the 
end of which is provided w ith  a cock, and place the worm in 
cold water. T h e  liquor should then be run off cold and titrated, 
when it will be surprising to find how strong it  still is.

THE PR ESEN T STATU S O F T H E  GLASS B O T T LE  AND 
H O LLO W  W A R E  IN D U STRIES IN THE 

U N ITED  STA T E S'

Although the first autom atic b o ttle  m achine w as introduced 
m 1904, until 1912 its advance w as rather slow, owing to  the 
fact that the shops of the Owens B o ttle  M achine C om pany 
were lim ited to  an ou tp u t of 50 m achines per year. In  January, 
1913, however, this com pany com pleted a new plant and it  now 
has a cap acity  of 100 new -style 10-arm m achines a year. These 
machines, w hich are said to  be com plete in general principle, 
have alm ost tw ice the ou tp u t of the old 6-arm machines, the

1 For a review  of th e  s ta tu s  of th e  window glass industry  in the  U nited 
States, see T h is  J o u r n a l , 5, 80; and  for a  discussion of the  conditions pre­
vailing in the  p la te  glass industry , see T h i s  J o u r n a l , 5, 2 53 .

production being 400 gross per d ay of V2-ounce to 6-ounce bottles, 
200 gross of 6-ounce to 3 2-ounce size, and 100 gross of gallon 
size. T h e installations and machines on the order of the Owens 
ty p e  in the U nited States in 19x2, as com pared w ith 1911, were 
as follows:

1911 1912
T o ta l in sta lled ...............................................  103 133
T o tal o rdered .................................................  18 33

T o ta l (a ) .......................................................  121 166
(a) Aggregate annual capacity , 7,000,000 gross of bottles.

T he developm ent of autom atic lehrs has kep t pace w ith the 
m achines, in order to handle the increased production.

A ccording to W heeler (Intern. Soc. Rev., N ovem ber, 1912), 
it  is not likely  th at the Owens C om pan y will turn out more 
than 100 more of the 10-arm m achines for several years, as 
the num ber of m achines m ade and in use b y  1914 w ill be able 
to su pply alm ost the entire dem and for bottles in the U nited 
States, C an ada and M exico. T h e annual consum ption w ill 
h ard ly reach 15,450,000 gross in 1914, unless a greater dem and 
can be induced b y  a greatly  lowered price. I t  is predicted th at 
in tw o years the bottle  in dustry w ill belong to  the autom atic 
m achine, although there are certain  classes o f ware which m ay 
never be taken over b y  the m achine; and it is estim ated th at 
b y  1914 there w ill be 250 autom atics in operation. A t  present, 
the m achine is m anufacturing alm ost every  typ e  of bottle  from 
‘/¿-ounce size to  12-gallon dem ijohns, and a num ber of large 
companies, including firms controlled w h olly  or in part b y  the 
Owens C om pany, are in a  m ost com m anding position in the 
bottle  m arket. In fact, these concerns are preparing to take 
over the entire bo ttle  industry. T h e Fairm ont, W . Va;, plant 
of the Owens B o ttle  M achine C om p an y is the best autom atically  
equipped bottle factory in the world; the production am ounts 
to about 500,000 gross of bo ttles of all kinds per year.

A m ong the other ty p es of machines, the W h ita ll-T atu m  au to­
m atic m achine is said to be capable of com peting w ith the 
Owens machine.

N otw ithstanding the rapid changes con stan tly  going 011 in 
bottle-m aking m achinery, a t  present there is an increase in the 
num ber of sem i-autom atic wide-m outh m achines installed. 
In  1912, 33 plants w ere equipped w ith  170 m achines of this 
ty p e ; to-day there are 37 factories operating 201 machines. 
W ith  regard to  narrow -m outh machines, it  m ay be noted th at 
96 U nited and O ’N eill m achines, em ploying 487 journeym en, 
w ere in operation in A u gust, 1913. T h e  U nited m achine (semi­
autom atic) is capable of producing 851/» dozen of bottles per 
m an a  day.

O w ing to the num ber of blownware furnaces which were 
constructed and started during the blast of 1912-13 , the pros­
pects for the m anual blow er are som ew hat brighter than a t a n y  
tim e during the past six years. T his is m ainly a ttribu ted  to 
bringing the cost of production o f the blownware bottle  closer 
to  th at m ade b y  the autom atic machines. In  June, 1913, 609 
w orkm en were reported idle b y  the G lass B o ttle  B low ers’ A s­
sociation— 801 less than  in June, 1912.

A s to  the visible stocks of blownware on hand a t various fac­
tories in A ugust, 1913, on ly 17 per cen t of the plants reported 
h ea vy  stocks. In  certain  instances, h e a vy  stocks of autom atic 
\yare were reported, states The Glassworker, A u gu st 9, 1913, 12, 
although the opinion is auth orita tively  expressed (National 
Glass Budget, 28, N o. 28, 1) th at the Owens C om p an y’s product 
is m aintaining its pre-eminence in the trade, ow ing to qu ality, 
accurate and uniform  w eight and capacity, and low cost of 
m anufacture (high productive cap acity  of the m achines and 
low cost of labor involved).

A  list of the m anufacturers of glass bottles and hollow ware 
in the U nited States follows. T h e value of the glass bottles and 
hollow ware produced annually in this cou ntry is now  approxi-. 
m ately  $50,000,000.
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A L IS T  O F T H E  M A N U F A C T U R E R S O F G LA SS B O T T L E S  AND H O L L O W  W ARE IN  T H E  U N IT E D  S T A T E S— (.Concluded)

P lan ts  and  location
B., bo ttle ; G ., glass 

Spring C ity  G. W orks. L td ., Spring C ity  
1  ha tcher M fg. Co., K ane, P a.; S trea to r, 111.;

E lm ira, N . Y. Owens A. M.
T ibby  Bros. G. Co., Sharpsburg  
W ight m an G. Co., Parkers Landing 
Wilcox G. B. Co., Wilcox 
W orm ser G. Co., P ittsburgh  

S o u th  C a ro lin a  
C arolina G. Co., C olum bia 
L aurens G. W orks, Laurens 

I T e n n e sse e
C h attanooga  B. & G. M fg. Co., A lton P ark  M . and  H.

T exas
F o r t  W orth  G. M fg. Co., F o r t W orth  

V irg in ia
A lexandria G. W orks, Inc ., A lexandria
A m erican G. W orks, Inc., R ichm ond
Belle Pre B. Co., A lexandria M.
C entral S ta te s  G. Co., B ridgeport
Old Dom inion G. Co., A lexandria M . and H.
Piedm ont G. Co., Salem 
V irginia G. Co., A lexandria 

W a s h in g to n  
A nacortes G. Co.. A nacortes 

W est V irg in ia  
D uquesne G. Co., Paden C ity
F a irm o n t B. Co., F a irm on t M . and  H.
H azel A tlas G. Co. (General offices, W heeling); 

factories a t  W ashington, Pa., and  C larksburg,
W . Va. M. and  H.

K anaw ha G. Co.. C edar Grove M . and  H.
N o rth  W heeling G. Co., W heeling M . and H.
Owens E astern  B. Co., C larksburg  6 Owens A. M.
T h e  S tan d ard  M ilk B. Co., P arkersburg  W arner M.
T rav is  G. Co., C larksburg  A. M.
T y g a rt Valley G. Co., G rafton  M.

W isc o n s in
W m . Franzen  and Son, M ilw aukee U nited M.

M ethod
A., au tom atic ;

H ., hand ; C ontinuous Fur-
M ., m achine(s) tanks R ings naces

1

16
1
2

’ i 
2 
I

12

8
8

12

9
6

17

6

9
10

8
10
12
6

10
12

20

P roducts
P o ts  B., bo ttle (s); F ., flask(s); V., vial(s) 

P rescription, beer and  w ater B., and F.

F ru it ja rs  and milk B.
30 General line

Prescription B. and  V.
Prescription, beer, w ater, and  liquor B .f and F. 
G eneral line of B. and jars

P rescription and  beer B., and  F.
G eneral line

G eneral line

F.

G eneral line 
G eneral line of B.
M ilk B.
Prescription and liquor B., and F. 
G eneral line of B.
Prescription B., fru it ja rs , F .
Packers’, preservers’ and  beer B., and F.

P ackers’ and  preservers' ja rs  and  B.

Beer and w a ter B., etc.
G eneral line of B.

M ilk, packers’ and  preservers’ B.; fru it jars 
G eneral line of B.
G eneral line of flint and  am ber B.
M edicine B. and  pharm aceutical ware 
M ilk B.
M ilk B. and ja rs
Packers’ and preservers’ ware, and  fru it jars

(Note— W e are indebted  to  M r. George B. K imes, of P ittsbu rgh , Pa.,
32 . .  . . .  Beer and  m ineral w ater B.

who courteously furnished m uch valuable  in fo rm ation .- -W. A. H. ]

A SA N IT A R Y  D RIN KIN G  FOUNTAIN

T h e details of a san itary drinking fountain, 52 of which are

Bowl made /rom 
/f “x4-~P/pe Qeduccr 
Turned Po/z's/ted 
and Plated
Water Line Pipe 
Po/ished and Plated
■Drain /-F P ip e

-Sf-anc/ 4*P/pe 
Polished and Plated

in  use a t the G ary  plant of the Am erican Sheet and T in  P late  
Com pany, are shown herewith.

T H E  S C O R IA  B R IQ U E T T IN G  P R O C E S S

M ethods th at have been developed for efficient means of 
turning the w asteful expense of handling and recharging flue 
dust into a  productive factory  are fairly  numerous. According 
to  E rn est S tü tz  in the American Institute of M ining Engineers, 
the Scoria briquetting process has been in such successful opera­
tion for over tw o years on a daily  cap a city  of 200 tons at the 
Rheinhausen w orks of the Friedrich K ru p p  A . G ., that the 
installation has recently been doubled.

In  this m ethod a  binder is used, b u t w ith  the distinction 
th at, betw een m anufacture and use, the m aterial so employed 
undergoes an essential transform ation, being hydraulic until it 
passes into the furnace, and being there turned automatically 
into a fusion binder. T h e m etallic oxides are thus free to react 
during their passage through the region of the top gases, and the 
binder gives the briquettes the necessary consistency to support 
the w eight of the stock pile.

One briquetting press turns out from 1,800 to 2,000 briquettes 
per hour. T ak in g  the w eight per briquette a t  8.8 pounds, this 
gives 144 to 160 tons per 20-hour w orking day, about 45,000 
tons of briquettes per year.

In  this process, granulated slag and lime are mixed with the 
valu able  m aterials and m ade hydraulic in rotating drums where 
th ey  are exposed to  m oderate-tension steam . W hen thoroughly 
mixed, sifted, and ground, the pow dery m ass is pressed into 
bricks, which are carried in train-loads of trolleys to cylindrical 
kilns, in which th ey  are hardened b y  being exposed to  the action 
of high-tension steam  for from 8 to  10 hours. T he train-load 
of hardened bricks goes straigh t from the kiln to the blast fur­
nace and is there dum ped, unless required for imm ediate use.

T h e m anufacture is alm ost autom atic. If the necessary 
am ount of steam  is provided for, there is nothing in the process 
itself th at requires supervision. T he transportation is practically 
all m echanical, the briquettes being handled only in transferring 
them  from the press to  the trolleys before hardening. The 
labor required for an  installation of tw o presses consists of a 
forem an and fourteen men, including labor for steaming drums, 
grinding and con veyin g m achinery, presses, hardening kilns,
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and trolley transportation. T h e p lant operation requires noth­
ing in the w a y  of special experience, skill or supervision. R aw  
materials are alw ays a t hand and the success of briquetting is 
independent of special conditions of the flue dust.

In the Scoria process no air drying is necessary and this dis­
tinguishes it  from all other briquetting processes. Savings in 
space and handling are also considerable factors in its economical 
advantages.

The hydraulic binder gives the body the necessary consistency 
at a minimum consum ption of binding m aterial, and, being in 
the nature of a hydrosilicate, leaves the oxides freely accessible 
to the top gases. I t  is not necessary in the case of the Scoria 
binder to have enormous pressure on one side of the briquette 
to produce an -actu al flow of gas through the structure. Also 
the tem perature necessary for the destruction of the hydro­
silicates is above th at where sintering commences, so th at there 
is no possibility of the briquettes crum bling aw ay  prem aturely.

In practice, a very  im portant coke econom y will result from the 
use of the Scoria process. W orking w ith a  homogeneous and 
naturally piled stock colum n, gases can circulate and pass up 
under equal pressure, while com bustion w ill be far more com­
plete and the production of carbon monoxide will be lessened; 
it has been proved b y  actual operation in G erm any th at a 
saving of from 15 to 20 per cent of coke has been effected. T he 
inventor of the process feels confident th at it is quite possible 
to perfect operating conditions so as to  produce one ton of iron 
per day for every  cubic m eter of blast-furnace volum e.

The Scoria p lant m ay be used to produce excellent slag build­
ing brick, and could alternate their m anufacture w ith  the pro­
duction of flue-dust or fine ore briquettes a t a m om ent’s notice, 
the operations being alm ost iden tically  the same, except th at the 
flue dust or fine ore is le ft out of the m ixture. Such bricks have 
shown am ple strength for all purposes, not only under severe 
laboratory tests, b u t also in actual use for building purposes 
during a num ber of years.

Cost of production (not counting the slag as having a value) 
in G erm any, on a two-press installation capable of furnishing 
24,000,000 brick per year, is about S i .25 per thousand.

E X P O S U R E  T E S T S  O F  C O P P E R , C O M M E R C IA L  A LU ­
M IN IU M  A N D  D U R A L U M IN

A  paper on the above subject, read b y  Prof. E . W ilson, before 
the British A ssociation a t Birm ingham , described a continuation 
of tests upon the influence of exposure in London on the electrical 
conductivity of ligh t alum inum  alloys, reports o f which have 
been made from  tim e to  tim e. E ach  specimen is in the form of 
wire 0.126 in diam . and 70 feet long. A fter tw o years' exposure, 
the percentages increase of electrical resistance taken on the 
values in 1911 a t 15 °  C . are as follows:

H igh co nductiv ity  co p p er...........................................  2.0
Com m ercial a lum inum ............................................... .. 4.4
D ura lum in .......................................................................... 8.2

D uralum in is a  copper-m anganese-m agnesium  alloy of high 
tensile strength and exposure has apparently m ade it more brittle.

E L E C T R O L Y T IC  C O A T IN G  O F  IR O N  A N D  S T E E L  W IT H  
L E A D

According to  The Electrician  for Septem ber 26, 1913, an 
English com pany has acquired a process devised b y  M r. Sherard 
Cowper-Coles for coating iron and steel w ith lead electrolytically. 
It is stated th at lead can  thus be econom ically deposited up to 
a thickness of one-eighth inch, and th at the m ethod is suitable 
for protecting iron and steel from  corrosion, and for the lining 
°f pipes, tubes and chem ical vessels for containing corrosive 
liquors. Steel plates coated b y  this process are much sm oother 
than the ordinary terne p late  and there is no reduction in tensile 
strength or d u ctility . T h e  process can also be used for the

coating of earthenware and wood and for the protection  of orna­
m ental iron work. T h e cost is stated to be low.

T A N N IC  A C ID  F R O M  S P E N T  S U L F IT E  L IQ U O R

A ccording to Tidskrift for Papirindustri as reported in Paper 
13, No. 4, 23 (Oct. 8, 1913), H ans Lundm ark, D ram m en, N o r­
w ay, has succeeded in reclaim ing tannic acid suitable for tanning 
leather, from w aste sulfite liquors. T h e acid ought, however, 
to  be used on ly in adm ixture w ith  some other m aterial, as it is 
said the tanning process then takes less time. T h e  tannic acid 
from waste sulfite liquor is said to be very  cheap. Some im ­
portant tanneries in England are now trying ou t this acid.

M itscherlich and other chem ists have, as is generally known, 
experim ented considerably w ith the preparation of tanning 
m aterial from the above source, bu t w ith  indifferent success.

A  N E W  D E S U L F U R IZ IN G  M E T H O D

T h e Engineering and M ining Journal, Ju ly  5, 1915, describes 
the H all process of desulfurizing sulfide ores w ith  eradication of 
noxious sm elter fum es as entirely novel, being based upon 
the principle of rem oving the " fix ed ”  sulfur atom  of a sulfide 
b y  distillation, w ithout perm itting a n y  considerable portion 
of the sulfur thus discharged to  pass into any com bined form s, 
such as S02 or S03.

T h e distillation of both fixed and free sulfur as such con­
stitutes the advan tage this m ethod has over the other sulfur- 
recovery processes. E lim inating the sulfur as oxide w ith su b­
sequent reduction m eans th a t a large am ount of free oxygen 
m ust be taken care of before the su lfur reduction begins, thus 
requiring extra expense for reducing agents, while the fuel 
expense of rem oving oxygen com bined w ith sulfur from such 
association is greater than the fuel expense of d irect distillation.

T ests have been m ade to  determ ine how com plete a desulfur­
izing could be produced in this process; m any analyses show 
less than  1 per cent of total sulfur rem aining in the cinder. T h e 
distillation is obtained b y  the direct application to the ore of a 
burning gas flam e of slightly  reducing or, a t least, non-oxidizing 
character, accom panied b y  H 20, either in the shape of w ater 
of form ation (from the com bustion of hydrogen) or of extraneous 
w ater in the shape of steam  which is decomposed b y  the hot ore. 
T h e nascent oxygen goes to  the m etal and the nascent hydrogen 
combines w ith a n y  free oxygen th at m ay enter the furnace 
b y  means of the atom izer through which the gases are adm itted, 
thus creating a  sort of cyc le  o f H20 decom position and w ater 
form ation from the com bustion of the hydrogen so derived.

W hen the furnace burners are properly adjusted, the final 
discharge of hydrogen appears to  be all in the shape of w ater 
vapor, i. e., com plete balances are easily  m aintained so th a t 
there is su bstan tially  neither SO2, SOj, C O S  nor H 2S  in the dis­
charge, tests being made on samples taken w ithin a  distance of 
six inches from  the furnace.

A  large v arie ty  of ores have been worked, including pyrites, 
various pyrrhotites, copper concentrates, crude blende and 
zinc concentrates. T h e action appears to  be the sam e on each. 
In order to  prove th a t the "fixed ”  atom  is rem oved b y  distillation, 
the furnace has been operated on chem ically pure F eS ; no SO j 
or H jS was discernible in the discharge, b u t on ly yellow  elem ental 
sulfur vapor.

T h e analyses of the cinder show it  to  be a  m ixture o f F ejO j 
and FejO«. T h e tem perature m aintained in the furnace m ust 
be slightly  above 700° C., as th at is abou t the distilling point 
of the sulfur of a  m etallic sulfide, and it  m ust be m aintained 
below 900° C ., the fusing point— a large m argin o f safety.

A lthough undoubtedly the reaction is som ew hat exotherm ic, 
no allowance has been m ade for this in the fuel calculations, 
fuel required being calculated as if  th e reaction w ere entire ly  
endotherm ie; on such a  basis, allow ing am ply for radiation
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and for the largest factors of safety, num erous engineers have 
calculated the am ount of coal fuel required (gasified) a t less 
than 10 per cen t of the w eigh t of the ore.

T h e cost of producing sulfur b y  this m ethod in Am erican 
sm elting w orks is placed a t from $3 to  So per ton of the crude 
sulfur derived.

T h e fum es com ing from  the sm elter are of a  h ea vy  yellow  
appearance w ith  the odor of ho t elem ental sulfur vapor. The 
sulfur is extracted from  the fum es b y  simple washing, as it  is 
found th a t it  has great physical affinity for water, due, pre­
sum ably, to  surface tension: when the fum es are agitated  w ith

A M E R IC A N  C H E M IC A L  S O C IE T Y — F O R T Y -E IG H T H  
M E E T IN G , R O C H E S T E R , S E P T E M B E R  8-12, 1913 

D IV IS IO N  R E P O R T S
A G R IC U L T U R A L  AND FO O D  C H E M IS T R Y  D IV IS IO N

A fte r  the transaction of the usual routine business and the 
reading of the papers as presented in the program  given in 
T in s  J o u r n a l ,  5, 8 6 8 , the following officials w ere unanim ously 
elected for the ensuing year:

Chairman, F lo y d  W . R obison; Vice-Chairman, R . A . Har- 
court; Secretary, G len F . M ason; Executive Committee, A . V . H . 
M ory , L. M . T olm an, H . A . Huston.

G . F . M a s o n , Secretary

F E R T IL IZ E R  C H E M IS T R Y  D IV IS IO N

T h e m eeting w as called to order b y  M r. P aul R udnick, C hair­
m an. A fter the transaction of the usual routine business, the 
program  w as rendered as printed in T h i s  J o u r n a l ,  5, 868.

T h e E xecu tive  Com m ittee was authorized to  prepare a plan 
for the future handling of the analytical and research w ork of the 
division.

T h e  following officers w ere elected for the ensuing year:
Chairman, J. E . Breckenridge; Vice-Chairman, E . L. B aker; 

Secretary, F . B . C arpenter; Executive Committee, Paul R udn ick,
F . K . Cam eron, C . H . Jones, H . J. W heeler.

J .  E . B r e c k e n r i d g e ,  Secretary

IN D U S T R IA L  C H E M IS T S  AND C H E M IC A L  E N G IN E E R S  D IV IS IO N

T h is D ivision  m et a t  R ochester U niversity, w ith  M r. W illiam  
B ra d y  presiding.

A fter the transaction of the usual routine business, the financial 
condition of the division w'as reported as follows:

M oney received ............................................................. $234.62
D isbursem ents...............................................................  39 .00

Balance on h a n d ...........................................................  $195.62

A  report w as received on A lum  Specifications from a sub­
com m ittee of the C om m ittee on Stan dard Specification and 
M ethods of A nalysis. T h is report w ill be published later.

T h e  follow ing officers w ere then elected:
Chairman, G eorge P. Adam son; Vice-Chairman, H . E . H ow e; 

Secretary, S. H . Salisbury, Jr.; Officers, ex-officio, M . C. W hitaker, 
ex-officio, W . F . H illebrand, C . H. H erty , C . A . C atlin , D avid  
W esson, H . C . Porter.

Participants in discussions of the papers read were the follow­
ing: P ercy  H . W alker, A . H . Sabin, W m . H. W alker, W m . 
B rad y, N . A . D ubois, G . W . G ray , W . F . H illebrand, W . A . 
N oyes, II. C . Porter, A . H. W hite, D r. Sm ith, M r. D ickinson,
I. M . Bregow sky, G . A . B urrell, A . W . Brow ns, G . W . G ray ,
E . S. M erriam , and others.

On F rid ay  morning, D r. W . F . H illebrand gave  a ta lk  on the 
C om position of the B ureau  of S tan d ard s Sheet B rass which caused 
considerable discussion after w h ich  the division adjourned.

S . H .  S a l i s b u r y ,  J r . ,  Secretary

w ater, the atm osphere is alm ost in stan tly  clarified, the sulfur 
settlin g to  the bottom  of the apparatus.

T his sulfur has been analyzed several tim es and found to be 
from  98 to  99V2 per cen t pure, the im purities being flue dust or 
lead or zinc sulfides. T h e refined sulfur has been found to be 
over 99V2 per cen t soluble in CS2, and is of the octahedral and 
prism atic types. T h e  fumes have also been run through the Cottrell 
electrical dust collector, which com pletely precipitates the sulfur.

T h e process has been developed principally  w ith  a  v iew  to at­
taching it to  m ultiple-hearth roasters, b u t prom ising experiments 
have been m ade tow ards its adaptation  to  blast furnaces.

R U B B E R  C H E M IS T R Y  SE C T IO N

A fter the transaction of the usual business, and the rendering 
of the program, reports were read b y  the Specification Com m ittee, 
the A n alytica l C om m ittee, and the G eneral R u bb er Considera­
tion C om m ittee. A fter discussion the above reports were ap­
proved.

T h e A n alytica l C om m ittee w as instructed to  com pile and pre­
sent to  the E xecu tive  C om m ittee m ethods of procedure for de­
term inations com m only m ade in rubber analyses. T he Ex­
ecutive C om m ittee w as given power to  a c t on such a  procedure 
w ithin its discretion.

T h e  E xecu tive  C om m ittee w as instructed to  appoint a com­
m ittee to investigate  and report w ith  recom m endations on the 
Ph ysical T estin g of R u bb er and Com pounds. T h is  Committee 
w as given pow er to  a ct w ith in  its ow n discretion.

I t  w as decided (1) to  ask the m em bers of the R ubber Section 
to  contribute $ 1 .00  each for the purpose of defraying the expenses 
of the Section: ( 2 ) to  request the Council of the Am erican Chem­
ical S ociety to  reappoint or retain  in office the present officers of 
the R u bber Section.

A fter the reading of papers, a vo te  of thanks w as extended 
to M r. S avage  for his excellen tly  prepared paper on "Some 
R efinem ents of th e Ign ition  M eth o d  for the Determ ination of 
R u bb er in V u lcan ized G oods.”

D o r r i s  W h i p p l e ,  Secretary

C O M M IT T E E  R E P O R T S — F E R T IL IZ E R  C H E M IS T R Y  
D IV IS IO N

C O M M IT T E E  ON P H O S P H O R IC  A C ID

T h is  report is supplem entary to  the report of this Committee 
published in T h i s  J o u r n a l ,  3 , 1 1 8 . T h e la tter showed that it 
w as possible for the an alyst to  prepare an am m onium  citrate 
solution w hich w ould give the sam e results as those obtained 
from  a standard citrate  prepared b y  M r. Jones of this Committee. 
H owever, when a  com parison w as m ade w ith  other analysts, 
the differences in some cases were quite large.

T h e C om m ittee th en  endeavored to  p ick out those factors 
w hich w ould m ost lik e ly  influence th e insoluble. T h a t the 
tim e of filtering had evid en tly  influenced some of the results 
w as evidenced b y  the fa c t th at the tim e varied  from  five minutes 
to tw o and one-half hours, this in a  sam ple of com plete goods. 
A n oth er factor w as the use of the volum etric m ethod without 
checking against the gravim etric.

In  order to  elim inate these factors as far as possible, the fol­
low ing changes w ere m ade in the instructions:

(1) In  case of com plete goods; a fter insoluble has been placed 
on filter and flask washed, fold paper containing insoluble in 
half and transfer to  another funnel.

(2 )  A  stan dard sam ple in w hich the Com m ittee had de­
term ined the tota l phosphoric acid w as sent w ith  the other 
samples.

W ith  these exceptions the instructions were the same as 
those published in T h i s  J o u r n a l ,  3 , 11 8 .

SCIENTIFIC SOCIETIES
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R e s u l t s  O b t a in e d  b y  t h e  P h o s p h o r ic  A c id  C o m m it t e e  o f  t h e  A . C . S . 
o n  t h e  S t a n d a r d  S a m p i ,e  

A ll  D eterm inations were M ade by  the  Official G ravim etric M ethod
A nalyst T o ta l PsOs Average

W . J. J o n e s .................... ....................... 3 .85  (a)
3 .88 3.87
3.95(6)
3 .92

3 .9 4

F . D. F u lle r...................... ....................... 3 .90 (a)
3 .9 0
3 .8 6 3 .89

G. F a rn h a m ...................... ....................... 3.86(6)
3 .92
3 .8 6
3 .89 3.88

J . Q. B u rto n ...................
3 .97 3.99

M ax im um ..................... 4 .00
M in im um ...................... 3 .86
A verage.......................... 3.91

(а) Sol. m ade with HjSO< +  HgO.
(б) Sol. m ade w ith 3 HC1 +  1 HNOa.

R e s u l t s  b y  O t h e r  A n a l y s t s  
V olum etric M ethod  Used th roughout unless Otherwise S ta ted

Insoluble P 1O 5

T o ta l P îOs 
3

S tandard  
3 .8 9  ' 
3 .8 6

Tim e for filtering 
and washing 

M inutes

(g)

3 .89  
3.91
3 .89  
3.86(g) 
3 .93

(e)

20
2

4.02
4.05
3.97

4.04  
4.01 
4 .00  
3 .9 2  1 
3 .9 8  I 
3 .94
3.85  
4 .2 9  I 
4 .23  ,

12

(eg) 

(fg) 

(hg)

28
4

5(c)

5 30

20

S u m m a r y  o p  A v e r a g e s  o f  I n d iv id u a l  A n a l y s t s  

M ax im u m .... 0 .81  3 .9 2
M in im u m ....  0 .37  2.91
Average  0 .5 8  3 .39

(а) C itra te  sol. prepared  by  m ethod in T h i s  J o u r n a l , 1, 618. Sol. 
contained 186.3 gram s citric  acid per liter. C om m ittee m ethod citra te  
contained 197.4 gram s citric  acid per liter.

(б) F iltered  on funnel w ith p la tinum  cone.
(c) F iltered  and  washed w ithou t transference.
(e) Silica no t rem oved; allowed to  s tan d  tw o hours in ice water.
(f) Silica rem oved by  dehydra tion ; stood a t  room  tem peratu re  over 

night.
(g) G ravim etric m ethod.
(h) Silica no t rem oved; stood over n ight a t  room tem perature .
(0  N ot included in average.

T h e variation  in the results on acid phosphate is alm ost ex­
a ctly  the same as th a t of the previous year. In the case of 
com plete goods the variation  has been lowered from one and a 
quarter to one per cent.

T h e length of tim e of filtration has been very  m aterially  cu t 
down; some analysts say, however, th ey  can see no advan tage 
th at the H irsch or B uchner funnel has over the glass funnel 
w ith  platinum  cone, providing care is taken not to transfer 
any of the insoluble m atter onto the filter until several w ashings 
w ith  h ot w ater have been effected.

T h e  Com m ittee thinks th at this w ork should be continued 
along these lines w ith  the hope th at a suitable m ethod m ay be 
worked up which w ill give more concordant results.

J. Q. B urto n

C o m m ittee  o n  P h o s p h o r ic  A c id  • J ° NES
J. R . P o w e ll

G . F arn h a m , Chairman

C O M M ITT E E  ON PH O SPH A TE R O C K
/

T h e C om m ittee on Phosphate R o ck  continued their 
investigations during the past year. T hree sub-com m ittees 
were appointed to  take charge of the different determ inations—  
moisture, iron and alum ina and phosphoric acid. T h e  only 
report received, however, w as from  the sub-com m ittee on phos­
phoric acid. A  brief abstract of this report is as fo llow s: ‘ ‘T h e
w ork of the sub-com m ittee on phosphoric acid for 1913, was 
done b y  members of the com m ittee and a few other analysts 
on a sam ple prepared b y  m ixing together four different kinds 
of phosphate rock including Tennessee brown and blue, South 
Carolina and Florida rock. T h e  sam ple w as prepared b y  m ixing 
the finely ground individual samples, each of which had been 
previously passed through a 100-mesh sieve. T h e  samples, 
w ith  instructions, were sent ou t to eleven analysts, and reports 
were received from seven, including results in tw o case from 
tw o analysts each, some of the members of the com m ittee and 
some of the other an alysts referred to being unable to  find tim e 
for this work. T h e results received varied  so w id ely th at your 
com m ittee considers it inadvisable to  average them . A s the 
results began to come in it seemed probable th at the wide varia­
tions showing up m ight possibly be laid to the difference am ong 
the samples them selves rather than to differences betw een the 
analysts. A n  investigation  made w ith  tw o rem aining sam ples 
seemed to  bear this out, and you r com m ittee inclines to  the opinion 
th at th e sam ple sent ou t w as not suitable for this work, and th at 
the same w ork should be repeated on a sample made up o f only 
one typ e o f rock, and th at this point be carefully observed in the 
m aking up of any future samples. A side from  this point, there 
is no definite tendency apparent either in the direction o f ab ­
norm al results b y  a n y  one o f the m ethods tried b y  all of the 
analysts or b y  a n y  one of the analysts in all o f the m ethods 
tried.”

The announcem ent published in the Industrial Journal in 
the early part o f the year of a  ten tative  standard of phosphate 
rock having been adopted b y  the com m ittee, has resulted in a 
surprising num ber of requests. N early  all of the laboratories 
interested in the fertilizer w ork in this cou ntry as well as in 
some other countries have been supplied w ith this sample.

W . D . R ic h a rd s o n  
S . W . W i le y
C . F . H a g e d o r n  
W . P. H e a th
F . B . C a r p e n te r ,  Chairman

C o m m itte e  o n  
P h o sp h a t e  R o c k

C O M M ITT E E  ON F E R T IL IZ E R  LE G ISL A T IO N

Y o u r  com m ittee have, during the past year, endeavored to  keep 
up w ith the new legislation in the various states and used their 
influence as far as possible to p revent unwise or unjust enact­
ments, b u t as to bringing about a uniform ity of law s th ey  have
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been able to accom plish very  little; in fact there is less uniform ity 
a t the present tim e than there w as a few years ago. In this con­
nection I have considered it desirable to review  briefly some of 
the efforts which have been made tow ards bringing about 
uniform laws in the different states.

A s far as I can learn from the records, the first fertilizer law 
in this country w orth considering was enacted b y  the M assa­
chusetts Legislature in 1869; this proved inadequate for the reason 
th at there was no provision for its execution and was amended 
in 1873, in  which form it rem ained for a num ber of years. This 
served as a model for other states and we find in the early laws 
a  striking sim ilarity to  the M assachusetts law. In the sub­
sequent years additions and changes have been made so th at a t 
the present tim e the law s in the different states are far from 
uniform. T his lack  of uniform ity does not lie so m uch in the 
general principles of the law, bu t rather in the elaboration of 
these principles and the mode of expressing the details.

T he A ssociation of Official A gricultural Chem ists, recognizing 
th e disadvantages of having the laws unlike in different states, 
not only from  the standpoint of inspection and analysis b u t 
also on account of the hardships imposed on the m anufacturers, 
appointed a com m ittee "on  uniform m ethods of fertilizer con­
trol.”  A  like com m ittee w as also appointed b y  the "A ssociation  
of Am erican A gricu ltural Colleges and Experim ent Station s.”  
T hese com m ittees did a considerable am ount of w ork 011 the 
subject and finally  a fter consulting w ith  m anufacturers drew up a 
statem en t of principles which w as quite satisfactory to all 
parties concerned and made a report to the Association of Offi­
cial A gricu ltural Chem ists a t their A nnual M eeting in 1897. 
T his com m ittee w as continued as a  standing com m ittee, taking 
up different phases of fertilizer laws, including questions relating 
to  national legislation, reporting annually to the association.

In  1909, the com m ittee presented to the Association, for their 
endorsement, a  proposed form of N ational Fertilizer law. This, 
however, did not m eet with their approval, it appearing th at 
there was no necessity for such a  law as the different states were 
prepared to attend to  the inspection w ork in a satisfactory m an­
ner. On a motion of the chairm an the com m ittee w as discharged 
and since th at time there has been 110 Com m ittee on Fertilizer 
Legislation either in the Association of Official A gricultural 
Chem ists or the A ssociation of Am erican A gricultural Colleges 
and Experim ent Stations.

A t  the organization of the Fertilizer D ivision of the Am erican 
Chem ical Society a Com m ittee on Fertilizer Legislation was ap­
pointed, which has used its influence against the passage of 
unwise and unjust laws, b u t has been unable to  accom plish 
much along the lines of uniform  fertilizer legislation. T he 
N ational F ertilizer A ssociation m aintains a legislative com ­
m ittee and points out in their last report the fu tility  of hoping for 
the adoption of a uniform fertilizer law  b y  the various states 
as illustrated b y  the fact th at not a  single state  has taken the 
law proposed b y  the Association of Official A gricu ltural Chem ists 
as a basis of revision.

The m ost th at has been accom plished along the line o f uni­
form ity w as effected when, about fifteen years ago, some ten of 
the southern states practically agreed on a uniform law, which 
was fram ed b y  the state  chem ists and Com missioners of A gri­
culture in an  A ssociation known as the C otton  S tates A ssociation 
of Com missioners of Agriculture. Since this tim e, however, 
these states have so modified and amended .their law s th at there 
is, a t the present time, 110 more uniform ity than in other parts 
of the country.

From  the efforts which have been made and the results a t­
tained it would appear th at there is little  hope of ever having a 
uniform  fertilizer law  which w ill be effective in the different 
states. T he question of federal legislation has been suggested 
as a means of bringing the individual states in line, it being 
argued th at if a model law were passed b y  Congress there would

be little difficulty in having this enacted b y  the different states. 
If this could be effected there is no doubt th at manufacturers 
w ould favor federal legislation, bu t there are so m any obstacles 
to  be overcom e and so m uch doubt of u ltim ate success th at they 
prefer to  let the m atter stand as it is rather than to take chances 
in having additional com plications in the already complex 
system  of legal requirements, which applies especially to those 
who do an interstate business.

N otw ithstanding the fact th at there appears to be no hope 
of uniform laws there is 110 doubt th at the various comm ittees 
and organizations, which have been referred to, have done much 
to bring about reasonable legislation as well as to maintain 
some points in comm on in different state  laws. I t  is to be 
regretted th at a n y  of these com m ittees have been discharged, 
especially th at of the A ssociation of Official A gricultural Chemists, 
and I hope a t their next m eeting a standing com m ittee m ay be 
appointed to direct our law-m akers when a change in the state 
law s is contem plated. M an y  fertilizer bills w hich are presented 
to the legislatures are draw n by parties w ho have 110 knowledge 
of the fertilizer business or the necessary requirem ents to safe­
guard the interests either of the m anufacturer or consumer. 
O ften these bills are prom pted b y  some personal grievance and 
if enacted would w ork hardships on both m anufacturer and 
consum er. I t  is im portant, therefore, for those w ho are inter­
ested in fair and im partial legislation and in enactm ent of uni­
form law s to w ork together in an effort to bring about the 
desired results. Our law s are enacted for the protection of 
both producer and consum er and it is the d u ty  of our agri­
cultural departm ents to use their influence, as far as possible, ill 
behalf of fair and im partial legislation.

W hile it m ay appear th at our com m ittee and the other com­
m ittees, which have been mentioned, have accom plished little 
in bringing about uniform ity, under the existing conditions, it 
is only through organized effort th at anyth in g can be accom­
plished and I am not on ly strongly in favor of m aintaining a 
standing com m ittee in our division, b u t also of urging the ap­
pointm ent of similar com m ittees in the organizations interested 
in the welfare of the fertilizer m anufacturing and agricultural 
industries.

F . B . C a r p e n t e r ,  Chairman

A M E R IC A N  C H E M IC A L  JO U R N A L  T O  B E  C O M B IN E D  
W IT H  T H E  JO U R N A L  O F  T H E  A M E R IC A N  

C H E M IC A L  S O C IE T Y

T he D irectors of the Am erican Chem ical Society  have entered 
into an agreem ent w ith D r. Ira  Rem sen, E d ito r of the American 
Chemical Journal, w hereby, a t  the com pletion of its fiftieth 
volum e, the American Chemical Journal w ill be discontinued as 
a  separate publication and w ill be incorporated from January, 
1914, w ith the Journal of the Am erican Chemical Society.

A M E R IC A N  P E T R O L E U M  S O C IE T Y

T h e A m erican Petroleum  Society w as organized September 
10th, a t the Experim ent Station  of the U . S. Bureau of Mines, 
P ittsburgh, Pa. T his organization is the result of an effort of 
the B ureau for the past seven years to  bring together the men 
interested in the petroleum  industry.

Invitation s were sent out in Ju ly  to  the secretaries of twenty- 
four of the great N ational Societies of the U nited States, inviting 
them  to be present and cooperate in this organization. Eighteen 
of these societies responded a t a m eeting on A ugust 1st at the 
B ureau of M ines. A  sim ilar invitation  was sent out in August 
to  eight additional societies, m aking a to ta l of th irty-tw o societies 
th at were invited  to  attend the Septem ber conference. A  large 
num ber of these were represented when the final organization 
w as com pleted.

T h is society w ill concern itself w ith  the stud y of all phases 
of natural gases and petroleum , including the origin, statistics.
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conservation, drilling methods, production, transportation, 
storage, refining and specifications for refined products.

W hen it is considered th at each year, w ith in  the U nited States 
alone, there is produced crude petroleum  and natural gases 
having a valu e in excess of $200,000,000, it is reasonable to sup­
pose th at the future of this society is assured. T here is to-day 
a trem endous w aste of natural gases w hich, b y  proper methods 
of drilling, could be prevented. A lso there is a great waste of 
crude oil itself b y  im proper methods of production, since in the 
fields producing paraffin oils the paraffin is allowed to congeal 
around the well, sealing in the oil strata  and thus preventing 
the recovery of the oil. T he necessity for a critical stud y of 
petroleum  and gas production and conservation is evident.

A t  the m eeting on Septem ber 10th a t  the B ureau of M ines the 
constitution  and by-law s were adopted, and officers were elected 
as follows:

President, C . D. C h a m b e r l a i n ,  N ational Petroleum  Association, 
C leveland, O.

Vice-President, R . G a l b r e a t i i ,  Independen t Oil and Gas Producers 
Association of O klahom a, Tulsa, Okla.

Secretary, I r v i n g  C. A l l e n ,  U. S . Bureau of M ines, P ittsbu rgh , Pa.
Treasurer, W a r r e n  C. P l a t t ,  Independen t Petroleum  M arketers’ 

Association. C leveland, O.
Acting Past President, F r a n k  B. F r e t t i í r ,  W estern Petroleum  R e­

finers’ Association, CofTeyville, Kan.

E x e c u t i v e  C o m m i t t e e  

R a l p h  A r n o l d ,  L o s  Angeles, C a l .  E d m u n d  O ’N e i l l ,  Univ. of C a l .,
C . F .  C l a r k s o n ,  S o c . Autom obile B erkeley C a l.

Eng., N. Y . E. B. R i c h ,  Gasoline Producers'
G. M . S w i n d e l l ,  C ham ber of M ines Assoc., P arkersburg , W. Va.

and Oil, Los Angeles, Cal. G e o .  H. T a b e r ,  G u l f  Refining Co.,
P ittsburgh .

T he first annual m eeting w ill probably take place in the spring 
of 1914, and the second annual m eeting w ill be held a t the 
Panam a Pacific U niversal Exposition  in San Francisco in 1915. 
A t the 1915 m eeting it is hoped th at all the petroleum  societies 
in the cou ntry will m eet in one great congress where m any 
things of interest and of value w ill be presented.

An official invitation  has been sent from the president of the 
Exposition a t  San Francisco to the president of the International 
Petroleum Com mission, which convenes in January, 1914,
in Bucharest, Roum ania, to hold its annual m eeting for 1915 
in San Francisco. Plans arc already being form ulated for 
this great 1915 m eeting, which w ill be part of the great assem bly 
of the petroleum  industries of A m erica, where the foremost 
petroleum technologists and scientists of the world will congre­
gate. _____________

O B IT U A R Y — JU L IU S L E W K O W IT S C H

Dr. Julius Lew kow itsch, consulting and analytical chem ist 
and chemical engineer, of London, England, died Septem ber

r6th a t Cham onix, Sw itzerland, a fter only a  brief illness. Dr. 
Lew kow itsch w as born a t O strovo, Prussian Silesia, in 1857.

A fter a brilliant university  career a t Breslau, he graduated 
as D octor of Philosophy. He carried out a considerable quan­
tity  of original investigation  under Professor V ictor von R ichter 
a t  Breslau. A fterw ards he took a position under Professor 
H ans Lan dolt in the Chem ical L aboratory  of the Berlin A gri­
cultural H igh School, and later was assistant to Professor V ictor 
von  M eyer in the U n iversity  of H eidelberg. D uring these 
early  years he published much original experim ental w ork on 
stereochem istry, which was a t th at tim e a  new and undeveloped 
subject.

D r. Lew kow itsch w en t to England abou t 25 years ago and, 
becom ing naturalized, took up the stud y of the industrial tech­
nology of fats and oils. B y  assiduous labor he achieved the 
position of one of the forem ost authorities 011 vegetable and 
anim al fats and oils. A  large num ber of processes which are 
w idely em ployed in the utilization  and valuation  of these im­
portant raw  m aterials were devised b y  him , and his w ritings on 
these subjects are regarded as standard w orks of reference. He 
also won a considerable reputation as a chem ical engineer, 
while his linguistic attainm ents were tru ly  rem arkable, for he 
could converse fluently on scientific subjects in m ost current 
European languages. These gifts w ere placed unstintingly at 
the service of the various scientific societies to  which he be­
longed.

D r. Lew kow itsch w as a  fellow and a  past m ember of the 
Council of both the London Chem ical Society  and the Institute 
of C hem istry, and a  past m em ber of the Council of the Society 
of Public A n alysts. H e was a  vice-president and a t  the time 
of his decease honorary foreign secretary of the Society of 
Chem ical Industry. He had acted w ith  conspicuous success as 
chairm an of the London Section of this S ociety and was one of 
the m ost active m em bers of the S o ciety ’s Publication Com m ittee.

He published num erous papers (over 120) on oils, fats and 
waxes during the last th irty  years. H is "C h em ical Technology 
and A n alysis of Oils, F ats, and W axes”  has passed through 
four editions as well as appearing in G erm an and French. T he 
first volum e of the fifth edition w as published on Sept. 4, 1913, 
and the rem aining volum es are now in the press. H e also w rote 
a “ Laboratory Com panion to F ats and Oils Industries’ ’ (English 
edition, 1901, Germ an edition, 1902), the article "O ils  and 
F a ts ”  in "B ritish  E n cyclop aedia ,”  and articles on various oils, 
and fats in T h o rp e ’s “ D iction ary  of A pplied C hem istry.”

P r .  Lew kow itsch found his chief recreation in m ountaineering, 
being p articularly  attach ed to  the Swiss A lps am ong which he 
died. He was m arried in 1902, and is survived by his widow, 
a son and a  daughter.

NOTES AND CORRESPONDENCE
ON T H E  IN F L U E N C E  O F  T H E  R A T IO  O F  L IM E  T O  M A G ­

N E S IA  O N  P L A N T S

Editor of the Journal of Industrial and Engineering Chemistry: 

In T h is  J o u r n a l,  5 ,564, a  second article b y  P. L. G ile and C. N . 
Ageton appeared concerning the lim e-factor, b u t no convincing 
evidence w as brought forward to show th at m y objections 
(Tins J o u r n a l,  5,.257) to their first article would not be tenable. 
In N ew  Y o rk , last O ctober, I received full inform ation about 
the calcareous soils near Ponce from M r. R icd, form er auditor 
of the G üanica Co. in Porto Rico. He stated th at these soils 
must receive a v e ry  h e a vy  dressing of pen m anure in order to 
produce a m oderate h arvest of cane. A lso the proprietor of the 
Mercedita C an e p lantation  near Ponce stated to  me, on inquiry 
hy letter, th at his cane soil receives h ea vy  doses of pen manure. 
Pen manure, however, is relatively  rich in lime and magnesia.

A s regards the pineapple plant, it is a  lim e-loving p lant in 
Florida, b u t even if it would not be so in other countries this 
plant can precipitate the excess of lim e absorbed abun dan tly  
as oxalate. I would like to know  those gram ineae which can 
accom plish th at in the same measure as pineapple or citrus. 
I have never stated th at soils w ith  a  v ery  unfavorable ratio  of 
lime to m agnesia should be corrected to the standard ratio, b u t 
I have repeatedly pointed out th at such soils should be im proved 
b y  adding one or the other as the case m ay demand, as far as 
practicable. See Landw. Jahrbiicher, 1910, 1008.

I have further never stated  th at the lim e-m agnesia ratio  in 
the soil would also be found in every  p art of the plant. I t  is 
a well established fact th at seeds show a  ratio of m ineral nu­
trients quite different from  th at of leaves. In seeds, the am ount 
of magnesia exceeds th a t of lim e while in leaves ju st the reverse
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condition is observed. On such determ inations see also a  com ­
m unication of mine in the Landw. Jahrbücher, 1912, 186.

F or the general inform ation of the reader I m ay be allowed to 
add the "G en eral Conclusions”  to  w hich Dr. Augustus Volcker, 
of the W oburn E xperim ent Station, near London, has arrived 
in several years’ stud y on the question of the lim e factor. In  
his recent report on his experim ents to  the R o yal A gricu ltural 
S ociety  of England (London, John M urray, A lbem arle Street, 
W . 1913) his conclusions are:

1. T h a t m agnesia m ay, w ith  advan tage to  the w h eat p lant, 
be added to  a soil poor in magnesia, so long as the am ount of 
m agnesia in the soil does not exceed th at of lime.

2. T h a t, as the ratio  of lime to  m agnesia approaches 1 : 1 
a  benefit w ill continue to  accrue, b u t th at if m agnesia be in ex­
cess, a toxic influence w ill be exercised and the crop be diminished.

3. T h e  soils in w hich m agnesia is in excess of lime will not 
g ive fu lly  satisfactory results as regards corn growing, b u t w ill 
be benefited, b y  the addition of lime.

4. T h a t  lime used in excess does n ot possess the toxic influence 
which magnesia, sim ilarly used, has.

These conclusions agree perfectly w ith those of m y co-workers 
and m yself, of Bernardini and his co-workers, Wartliiadi, Port- 
heim and Samec, and Hansteen.

O s c a r  L o e w

H y g i e n i c  I n s t i t u t e ,  M u n i c h ,  G e r m a n y  
Septem ber 8, 1913

N O T E  O N  D E T E R M IN A T IO N  O F  F A T  IN  IC E  C R E A M

Editor of the Journal of Industrial and Engineering Chemistry:
In  T h is  J o u r n a l,  5, 786, there appears a  rapid m ethod for 

the determ ination of fat in ice cream , b y  M r. H. F . Lichtenberg.

T h e  m ethod appears to be p ractica lly  the same as one developed 
b y  Prof. H. E . Ross, of the D epartm ent of D airy  Industry, 
of the N ew  Y o rk  S tate  D epartm ent of A griculture, a t C ornell 
U n iversity, and published in the New York Produce Review 
and American Creamery, D ecem ber 28, 1910, and republished 
b y  the same paper in a recent issue, the only special difference 
in the tw o methods being th a t M r. Lichtenberg uses a  little  
more acetic acid and a little  less sulfuric acid than originally 
advised b y  Prof. Ross. A ccording to  the date of publication, 
it appears th at Prof. R oss first developed the m ethod.

H u g h  C. T r o y
N . Y. S t a t e  C o l l e g e  o f  A g r i c u l t u r e  

C o r n e l l  U n i v e r s i t y ,  I t h a c a  
Septem ber 24, 1913

D E S IG N  O F  S U R F A C E  C O M B U S T IO N  A P P L IA N C E S —  
C O R R E C T IO N .

In  m y article printed under the above title, T h i s  J o u r n a l ,  
5, 8oi, the section “ T h a t this sta tem en t”  (bottom  of p. 824) 
to  the end of the paragraph should be om itted, and the following 
discussion substituted for it:

" T h a t  this statem ent is justified is indicated b y  the following, 
assum ing the inefficient fan and m otor th at costs 0.9 cent per 
hour to  operate is replaced b y  a better set, more suitable in size 
and design. I f  the service of a standard 15 cubic foot Bunsen top 
burner is equal to  a 10 foot surface com bustion burner (ratio 
1.5) the gas saving is 5 cubic feet per hour, w hich is w orth 
5 -4- 1000/100 =  0.5 cent per hour. If the range had four top 
burners, one jum bo and tw o broiler oven burners, and the ratio 
1.5 applied to  the whole consum ption, then for the B unsen range 
the hourly gas would be (3 X  15) +  (3 X  20) =  105 cubic feet, 
against (3 X  10) +  (3 X  13 3) =  7°  cubic feet for the surface. 
F o r this gas the latter would require 6 X  70/60 =  7 cubic feet 
per m inute a t 4 inches w ater pressure. T h is  corresponds to 
an air horse pow er of 4 X  5.2 X  7/33000 =  0.0044. W ith  a fan 
efficiency of 50 per cen t the m otor horse power is 0.0044/0.5 =  
0.00S8, and for 75 per cent m otor efficiency the electrical horse­

power input is 0.0088/0.75 — 0.0117. T his is equivalent to 
0.0117 X  746 =  8.76 w atts which a t  10 cents per 1000 is worth 
0.0876 cent. T hu s the electric cost for the whole range is only 
0.0876 cent per hour w hile one top burner saves in gas 0.5 cent 
per hour. T h is shows how conservative is the general estim ate 
above, th at the gas saving a t  one burner w ill more than defray 
the expense for current for the entire range, for under the condi­
tions named the gas saving a t  one burner is five tim es the cost 
of current for all of them . T h e  vacuu m  cleaner fan used on the 
first range consumed ten tim es the current th at was really  neces­
sary, y e t  even so, tw o top burners save enough gas to  p ay for 
all the current.”

C h a r l e s  E d w a r d  L u c k e

O ctober 20, 1913

N O T E  O N  Q U A N T IT A T IV E  D E T E R M IN A T IO N  O F  R O SIN  
IN  P A P E R

Editor of the Journal of Industrial and Engineering Chemistry:

I have read w ith  much satisfaction M r. C. F ran k  Sam m et’s 
paper on “ Q u an titative D eterm ination of R osin in Paper,”  
T h i s  J o u r n a l ,  5 , 732.

In  order to  extract all the rosin present, it  is necessary to set 
free all the com bined rosin, a  p art of w hich is in com bination with 
the basic cellulose hydrate and a larger part w ith  the base of the 
alum  used.

Instead of using an acidified m ixture of alcohol and ether of 
abou t 83 per cent which w ill p artia lly  dissolve out on extraction 
any substances soluble in w ater, from which the rosin m ust later 
be separated b y  evaporation  and extraction  w ith  ether, as M r. 
Sam m et proposes, I prefer to  cu t the paper for test into strips 
and w et them  ou t in a  very  w eak solution of hydrochloric or 
acetic acid. I then air-dry them  and place in Soxhlets and ex­
tract w ith  absolute alcohol, when the extract m ay be evaporated 
and weighed. T h e  extract w ill be free from  water-soluble im­
purities and give v e ry  satisfactory results. A lcohol is the normal 
solven t for rosin and I  prefer it to ether for this work. M y 
suggestion shortens the process and is equ ally  accurate.

M a r t i n  L. G r i f f i n
R u m f o r d ,  M a i n e  

Septem ber 24, 1913

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

W hile the high price of platinum  in the U nited  S tates in 1912 
encouraged prospecting for th is rare m etal, the production in 
th a t year w as b u t sligh tly  larger th an  th a t of the preceding year. 
A ccording to  D avid  T . D ay , of the U nited  S tates Geological 
Survey, in an advance chapter from  M ineral Resources for 1912 
on the production of platinum  and allied m etals, the output of 
crude platinum  in 1912 w as 721 ounces, com pared to 628 ounces 
in 19 11. W ith  the exception of a  sm all yield from the New 
R am bler copper mines, in A lb a n y  C ou n ty, W yo ., the entire 
dom estic production cam e from  California and Oregon. The 
greater part of the C alifornia platinum  was obtained as a by­
product in gold dredging in B u tte , Y u b a , Sacram ento, and Cala­
veras counties.

T h e U nited S tates supply com es chiefly from the unmanu­
factured and m anufactured platinum  im ported indirectly from 
R ussia. In addition, 45,280 ounces of platinum  sand were 
im ported into the U nited  States in 1912 w hich, b y  the usual 
estim ate of 80 per cen t fine m etal, w ould yield  36,224 ounces 
of refined platinum . In  all, the refined platinum  produced in 
dom estic refineries from  both  dom estic and foreign sources 
am ounted to  approxim ately 38,029 fine ounces, valu ed  a t  $ i,732>" 
221, com pared w ith 29,140 fine ounces sim ilarly  obtained in 
19 11. T h e total va lu e  of our platinum  im portations in 1912— 
both raw  m aterial and m anufactured products— w as $4,503,682 
against $4,866,207 in 1911.
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BOOK REVIEWS
E lectro-P lating and A n alysis of Solutions. B y  H e r m a n  H . 

R e a m a .  i2m o., 101 pp. T h e  M eta l Ind ustry Print, N ew  
Y o rk . Price, $5.00.

T his book is evid en tly  intended b y  an electro-plater as a help 
to others in the sam e line of business.

Science docs not enter into the m ake of it to any great extent 
which is u nfortunately  the case w ith  m an y other books on the 
same subject. In  the actu al description of plating operations 
such as nickel or copper, the author gives the com position of 
the baths and leaves the reader to find out elsewhere how to 
use them , no m ention being m ade of current density, tim e of 
plating, or character of the m etal deposit w ith  w hich he is working.

T he auth or’s statem ents often leave m uch to  be desired in 
the w a y  of clearness as the follow ing passage on conductors, 
page 2, shows: " I t  has been stated  b y  com petent and qualified
people th a t using bus-bars of the ty p e  shown in Fig. 1 (rect­
angular) will g ive  b etter service th an  the ordinary round bar. 
This is strictly  a  m atter of opinion and is still up to  the man in 
charge or in ownership of the said factory  or shop. A s hereto­
fore stated, m an y m eans of operating can be and are used at the 
present w riting, and it  is quite difficult to m eet all requirements 
and all classes of trade and still m eet the approval of the m ajority. 
Nevertheless, facts are facts, and th e above are true.”

In the analyses of solutions w e find th a t sulfuric acid is de­
termined in an acid copper su lfate  solution b y  titration  w ith 
standard alkali, using m eth yl orange as indicator.

The book is illustrated b y  cuts from  catalogues of various 
apparatus used in electro-plating establishm ents w ith  no expla­
nations of their use.

The price of $5.00 is charged for this book of w hich there are 
101 pages in all, w ith  v e ry  little  to  the page; in fact it is rather 
absurd to  call it  a  book a t all, and it seems to  us as if 30 cents 
would be a high price to  p a y  for it.

S a m u e l  A . T u c k e r

General In d ex to the C hem ical N ew s, V ols. 1 to 100 (1860- 
1909). Pp. v iii +  712. Price, $10. Chem ical N ew s Office, 
16 N ew castle Street, Farringdon Street, London, E. C.

This index covers all m aterial in the issues of Chemical News 
for the first fifty  years and should be of inestim able value to 
every working chem ist, w hether a  subscriber to  Chemical News 
or not. T h e  plan of the index, as explained in the preface, is 
comprehensive y e t  quite sim ple and exam ination show’s that, 
indeed, "ev e ry  effort has been m ade to enable readers to find 
quickly and easily an y  subjects which have appeared.”  I t  is 
to be hoped th a t the imm ense am ount of labor involved in the 
preparation of this reference volum e w ill be appreciated b y  
those for whose benefit it has been prepared.

L e o l a  E. M a r r s

Calcium Cyanam id. B y  E . J. P r a n k e .  Price, $1.25. T he 
Chemical Publishing C o., E aston, Pa.

There can be no doubt th a t the use of artificially prepared 
"fertilizers”  for th e m anagem ent of soils and control of crop 
production is rap id ly  increasing and m ust continue to  increase. 
It is also apparent th a t to m aintain  an adequate supply of nitro­
gen carriers, " f ix a t io n ”  o f atm ospheric nitrogen is a quickly 
Mining necessity. T his condition is the m ain stim ulus to  pro­
nounced a ctiv ity  in research and invention w hich is bringing 
to light various processes or suggestions of immense interest 
and importance to  the scientific and technical world alike. 
It is not ye t possible to  predict w ith  an y  great assurance or con­
viction w h at processes are u ltim ately  going to  survive the test 
°f experience. So far, the production of calcium  cyanam ide 
Probably outranks com m ercially all the nitrogen fixation pro- 
cesses yet tried. O ver a dozen factories abroad are now producing 
the material and a t N iagara  F alls there is an im portant plant

whose annual cap acity  has recently been raised from  25,000 to
50,000 tons. C alcium  cyanam ide has, m oreover, other possible 
com m ercial uses than as a fertilizer.

T h e adoption of this m aterial as a fertilizer b y  the m anufacturer 
and farm ing public has on the whole been rapid, and its  place 
is now assured, pending the possible introduction of a  satisfactory 
nitrogen carrier more cheaply prepared. B u t  its present posi­
tion has not been won w ithout a struggle, w ith  a tten dan t con­
troversies, sometim es acrim onious, which have had good fru it 
as well as bad, however, in stim ulating stu d y  and investigation 
so th at now a  fairly  large bo d y of inform ation exists regarding 
the chem istry of the substance.

In the volum e before us, M r. Pranke has brought together 
the m ain facts th a t have been established in a  system atic ar­
rangem ent. H is a ttitude tow ard the valu e of this m aterial 
as a fertilizer in com parison w ith  n itrates and am m onium  salts 
impresses the reader as being decidedly biased in spite of an 
evident effort to  m aintain  a  judicial attitude. N evertheless, 
he has produced a v ery  interesting and readable book, and a 
v ery  valu ab le  one, in w hich even  the expert and specialist w ill 
probably find new m aterial. T h e proof-reading seems to have 
been carelessly done in some parts of the book.

T h e meagreness of detail in describing the actu al technique 
of m anufacture is a disappointm ent, justified only b y  the well- 
known b u t m istaken policy of m anufacturers in m aintaining 
secrecy regarding their factory  practice. A n d to  the reviewer 
the discussion of the effect of soil zeolites and colloids appears 
u nsatisfactory and unconvincing. T h e  v ery  doubtful assum p­
tions as to  the presence and the particular properties of these 
hypothetical substances are n ot necessary to  explain  the phenom ­
ena of surface action in soils, and in voking their aid, a  comm on 
practice these days am ong soil chem ists in difficulties, m erely 
m akes against clear thinking.

F r a n k  K .  C a m e r o n

T h e A m erican F ertilizer H andbook. 1913 E d . 356 pp. Price, 
$1.00. W are Bros. C om pany, 1010 A rch  Street, Philadelphia.

I t  w ould be difficult to  estim ate the service rendered to  those 
interested in fertilizers b y  these annual handbooks. T his par­
ticular issue contains four noticeable sections:

(1) A  v ery  com prehensive advertising section, consisting of 
a  classified directory of the allied fertilizer trades including 
m anufacturers of fertilizer m achinery and factory  equipm ent; 
m anufacturers of and dealers in fertilizer m aterials and supplies; 
brokers, im porters and exporters, chemists, phosphate miners, 
sulfuric acid plants, etc.

(2) D irectories of the cottonseed oil mills and of the fertilizer 
m anufacturers of the U. S .— arranged b y  states.

(3) V aluable tables, such as sulfuric acid and fertilizer form ulae 
tables; a  list of agricultural experim ent stations; an  annual 
review' of the fertilizer m aterials m arket, etc.

(4) A  series of interesting and instructive articles on special 
topics, prepared b y  experts especially for this volum e. T hese 
include: "F ertilize r M aterials in the U. S .,”  F ran k  K . C am eron; 
“ T h e Y e a r ’s Progress in the F ixation  of A tm ospheric N itrogen ,”  
T . C . Pinkerton; "M id d le  W est Soil Im provem ent C om m ittee,”
H. G . B ell; “ T h e M enhaden In d u stry,”  J. W . T urrentine; 
"S o m e  A nalyses of Fish  Scrap,”  J. R . Lindem uth and E. G . 
Parker; "S a m p lin g  of Fertilizers,”  J. S. B rogdon; “ T h e Sulfuric 
A cid  In d u stry,”  A . M . Fairlie; "F ertilize rs  for H a y  and P a s­
tures,”  E. B . Voorhees; “ C yan am id,”  E. J. Pranke; "D efin ition s 
of F ertilizer M aterials,”  T . C . Pinkerton; “ T h e C hicago A m - 
m oniate M ark et,”  J. B . S ard y; " O n  Tennessee Phosphate 
M in ing P ractice,”  L. P. B rsw n ; “ F lorida Phosphate R o ck —  
1912,”  E. H . Sellards; "P ro d u ctio n  of Phosphate R ock  in 19 1 1 ,” .
F . B . V an  Horn.

L e o l a  E. M a r k s
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NEW PUBLICATIONS
By D. D. B e r o l z h e i m e r ,  L ibrarian  T he  C hem ists’ C lub, N ew  Y ork

A lu m in a , T h e  M a n u f a c tu re  of. B y  A. B e r g e .  8 v o . 70 pp. Price, 
$0.75. M . K napp, Halle. (G erm an.)

A n a ly sis , L a b o ra to ry  M a n u a l  o f T e s tin g  M a te r ia ls .  By W il l ia m  
K. I I a t t  a n d  H e r b e r t  H. S c o f ie l d . 8 v o . 13Ó pp. Price, $1.25. 
M cGraw-Hill Book Co., New York.

A n a ly sis , Q u a li ta t iv e  C h e m ic a l. B y  W il f r e d  W e l d a y  S c o t t . 8 v o .
167 pp. Pricc, $1.50. D . V an N ostrand , New York.

A n a ly sis , T e c h n ic a l  G as a n d  F u e l.  B y  A l f r e d  H .  W h i t e . 8 v o .
276 pp. Price, $2.00. M cG raw -H ill Book Co., New York.

A rsen ic  C o m p o u n d s . O rg a n ic , H a n d b o o k  o f th e .  B y  A . B e r t i i e i m .
L. 8vo. 238 pp. Price, $2.00. F . Enke, S tu ttg a r t. (G erm an.) 

A sp h a lts ,  N a tu r a l  R o ck , a n d  B itu m e n s .  B y  A . D a n l e y .  8 v o .

Price, $2.50. D . Van N ostrand  Co., New York.
C e llu lo se s , P r o d u c t io n  o f, fo r  P a p e r  M a n u f a c tu r e  o th e r  t h a n  th o s e  

f r o m  W ood. B y  I I e n r v  d e  M o n t e s s u s  d e  B a l l o r e . 8vo. 294 pp. 
Price, $2.50. B ernard  Tignol, Paris.

C e m e n t ,  P o r t l a n d ,  i t s  M a n u f a c tu re ,  T e s tin g  a n d  U se. By D. a n d

B. B utler . 3rd edition. 8vo. 470 pp. Price, $4.00. Spon & C ham ­
berlain, London.

C h e m is try ,  A Now E ra  in .  By H a r r y  C. J o n e s . 8vo. 326 pp. Pricc, 
$2.00. D . Van N ostrand  Co., New York.

C h e m is try ,  T e x tb o o k  of. B y  W il l ia m  A . N o y e s . L .  1 2 m o . 6 0 2  p p .
Price, $2.25. H enry  H olt & Co., New York.

C h e m is try ,  T h e  T h e o r ie s  o f. By E d g a r  F . S m it h . 8vo. 188 pp .
Price, $1.15. John C. W inston Co., Philadelphia.

C o lo r C h e m is try ,  T ex tb o o k  of. V ol. I .  By E. G r a n d m o u g in . 4th  
edition. 8vo. Price, $3.75. F . Deuticke, Vienna. (G erm an.)

C oal T a r  D yes a n d  A llied  In d u s t r ie s ,  P ro g re ss  in  t h e  M a n u f a c tu re  of. 
P a r t  X . 1910-1912. By P. F r ie d l a n d e r . L. 8vo . 1422 pp. Price, 
$18.75. Ju lius Springer, Berlin. (G erm an.)

D y estu ffs , S y n th e t ic ,  a n d  th e  I n te r m e d ia te  P r o d u c ts  f r o m  w h ic h  
th e y  a re  D erived . B y J o h n  C . C a in  a n d  J .  F . T h o r p e . 2nd edition. 
8vo. 440 pp. Price, $5.00. London.

E le c tro c h e m is try ,  E le m e n ts  of. By E d g a r  F . S m it h . 8vo. 200 pp .
Price, $0.90. John C. W inston Co.. Philadelphia.

E n c y c lo p e d ia , N ew , of S c ie n tific , T e c h n ic a l  a n d  I n d u s t r i a l  C h e m ­
is try .  Vol. I I .  By I. G u a r e s c h i . 4°. 1116 pp. Price, $6.00.
Umiore T ip .-E d. Torinese, Turin . (Italian.)

F a ts ,  A n im a l, a n d  B u tte r s .  B y  A l b e r t  B r u m .  8 v o . Price, $1.25.
Ch. Bcranger, Paris. (French.)

F o o d , T e x t-b o o k  o n  th e  C h e m is try  o f. V ol. I I .  H . R o e t t g e r . 
4th  edition. 8vo. Price, $4.00. Johann Ainbrosius B arth , Leipzig. 
(German.)

G ases, T h e  In f lu e n c e  of I n e r t ,  o n  In f la m m a b le  G a se o u s  M ix tu re s .
By J . K. C l e m e n t .  8 v o . 24 pp. U. S. B ureau of M ines, Technical 
Paper 43.

I r o n  O res, T h e  T i ta n if e ro u s ,  in  t h e  U n ite d  S ta te s ,  t h e i r  C o m p o s i t io n  
a n d  E c o n o m ic  V a lu e . By J o s e p h  T . S in g e w a l d , J r . 8 v o . 145 p p . 
U. S . Bureau of M ines, B ulletin 64.

K a o lin  a n d  F e ld s p a r , M in in g  a n d  T r e a tm e n t  o f, i n  t h e  S o u th e r n  
A p p a la c h ia n  R eg io n . By A. S. W a t t s . 8 v o . 170 p p .  U. S. B ureau 
of M ines, Bulletin 53.

L iq u id  A ir, T h e  P ro d u c t io n ,  A p p lic a tio n  a n d  S to ra g e  o f. B y O. 
K a u s c h . 4th  edition. 8vo. 463 pp. Price, $3.75. C. S teinert, 
W eimar. (G erm an.)

M e ta l  C a s tin g . By E r n s t  A. S c h o t t .  8 v o . 285 pp. Price, $3.00.
B ernhard F . Voigt, Leipzig. (Germ an.)

M e ta llu rg ic a l  A n a ly sis . By N a t h a n ie l  W. L o r d  a n d  D a n a  J .  D e m - 
o r e s t . 3rd edition. 8vo. 330 pp. Price, $2.50. M cG raw -H ill
Book Co., N e w  York.

M in e ra l  D ep o sits . By W a l d e m a r  L i n d g r e n . 8vo. 882 p p .  Price.
$5.00. M cG raw -H ill Book Co., New York.

M in e ra ls , T h e  U se fu l, w i th  th e  E x c e p tio n  o f O res, P o ta s h  S a lts , 
C oal a n d  P e tro le u m . V ol. I .  By B. D a m m e r  a n d  O. T i e t z e . 2
vols. L. 8vo. 501pp . Price, $4.00. F . Enke, S tu ttg a r t. (G erm an.)

N itro g e n  I n d u s t r y ,  T h e  A ir. B y A. P e r l i c k .  8 v o . Price, $1.50.
W. K linkhard t, Leipzig. (G erm an.)

O ils , F a ts  a n d  W axes, C h e m ic a l T e c h n o lo g y  a n d  A n a ly s is  of. Vol.
I .  By J . L e w k o w it s c h . 3 vols. 5th  edition. 8vo. Price, $6.25.
M acm illan & Co.. New York.

P e ro x id , H y d ro g e n , P r o d u c t io n  of, by  th e  C a th o d ic  R e d u c t io n  of 
O xygen . By O. P r ib s s . 8vo. U niversity  of E rlangen. (D isserta­
tion .) (German.)

P h y s ic o -C h e m ic a l T h e o ry , T h e  A p p lic a tio n  o f, to  T e c h n ic a l  P r o ­
cesses a n d  M a n u f a c tu r in g  M e th o d s . B y R. K r e m a n n .  8vo. 
205 pp . Price, $2.25. Constable & Co., London. (T ranslation.)

P l a n t  P ro d u c ts ,  A n  I n t r o d u c t io n  to  t h e  C h e m is try  o f. B y P aul

H a a s  a n d  T . G. H i l l .  8 v o . 404 pp. Price, $2.25. Longm ans, Green 
& Co., New York.

R a re  E a r th s ,  U ti l iz a t io n  o f t h e .  B y  C. R .  B o e h m .  8 v o . Price, $1.25.
V eit & Co., Leipzig.

R e a g e n ts ,  M e rc k ’s In d e x  o f C h e m ica l. B y  M e r c k  & C o .  3 r d  e d it io n .
L. 8vo. 446 pp. Ju lius Springer, Berlin. (German.)

R u b b e r ,  T h e  C h e m is try  of. By B. D. P o r r it t . C r .  8vo. P r ic c ,  $0.50.
G urney & Jackson, London.

S p e c tro -C h e m is try ,  I n t r o d u c t io n  to .  B y G. U r b a i n .  8 v o . Price, 
$2.50. Theodor StcinkopfT. Dresden. (T ranslation .) (G erm an.)

S tee l, T h e  M a n u f a c tu re  o f. By H . N o b l e . 2nd edition. 8vo. Price, 
$5.25. Dunod & P ina t, Paris. (French.)

S u lfu r ,  C o llo id a l. B y  S. O d e n . Let. 8vo. 193 pp. Price, $4.00.
Akademische B uchhandlung, U psala. (G erm an.)

T e c h n ic a l  P ro ce sse s  a n d  M a n u f a c tu r in g  M e th o d s , T h e  A p p lica tio n  
o f P h y s ic o -C h e m ic a l T h e o ry  to .  B y R .  K r e m a n n . 8vo. Price, 
$2.25. Constable & Co., London. (T ranslation.)

T e m p e ra tu re  M e a s u re m e n t ,  M e th o d s  of. B y  B r u n o  T h i e m e . 8 vo.
160 pp. Price, $1.00. M . K rayn , Berlin. (G erm an.)

Z in c  a n d  C a d m iu m  a n d  th e i r  P r o d u c t io n  f r o m  O res a n d  B y -p ro d u c ts . 
By R .  G. M a x  L i e b i g . 8vo. 598 pp. Price, $8.00. O . Spamer, 
Leipzig. (G erm an.) _

R E C E N T  JO U R N A L  A R T IC L E S

A lloy, A N ew  O s m iu m - P la t in u m .  B y  F . Z im m e r m a n n . Chemical 
Engineer, Vol. 18, 1913, No. 3, pp . 99-107.

A s p h a l t  P a v in g  C e m e n ts  a n d  R o a d  B in d e rs . B y  J . W . H o w a r d .
Engineering Record, Vol. 68, 1913, No. 13, pp. 345-347.

C ellu lo se , O b ta in in g , f r o m  W ood a n d  T e x til F ib e rs  as w ell as  Aboli­
t io n  o f t h e  B y -p ro d u c t  L yes. B y  H a s e n b a c u m e r  a n d  B r a u n . 
Zeilschrifl fuer angewandte Chemie, Aufsalzleil, Vol. 26, 1913, No. 73, 
pp. 481-485.

C e m e n t,  C o m p o s i t io n  F lo o r in g . B y  H .  M . H o o k e r . Proceedings 
o f the Engineers' Society o f Western Pennsylvania, Vol. 29, 1913, No. 6, 
pp. 305-338.

C e m e n t  M a te r ia ls  a n d  th e  M a n u f a c tu re  o f P o r t l a n d  C e m e n t in  
M o n ta n a .  B y  W . H .  A n d r e w s . Bulletin o f the Am erican Institute 
of M in ing  Engineers, 1913, No. 81, pp . 2383-2389.

C erea ls , T h e  C h e m ic a l C o m p o s i t io n  o f S o u th  A fric a n  M aize and 
o th e r .  B y C. F. J u r i t z . South A frican Agricultural Journal, Vol. 6, 
1913, No. 2, pp. 189-197.

C oke O ven  P la n t ,  T h e  M o d e rn , R ec o v e ry  of B y -p ro d u c ts  in . By
C. A. M e i s s n e r . American Gas Light Journal, Vol. 99, 1913, No. 13, 
pp. 199 and 202-203.

G y an id , S o d iu m , M a n u f a c tu re  of. B y  M . A . V a s s e u r . Reone de 
Chemie Industrielle, V o l. 24, 1913. N o .  285, pp. 221-226.

F o rm ic  A cid  as a  S o lv e n t. B y  O s s ia n  A s c h a n . Chemiker Zeitung, 
Vol. 37, 1913, No. 112, pp. 1117-1118.

I n d ic a to r  fo r  O x id iz in g  A g e n ts , A n  E le c tro c h e m ic a l.  By E. K.
R id e a l  a n d  U . R .  E v a n s . Analyst, Vol. 38, 1913. No. 449, pp. 353-363. 

In o r g a n ic  M a n u f a c tu r in g  I n d u s t r y ,  P ro g re ss  in  th e ,  1905-1912. 
B y  B r u n o  W a e s e r . Chemiker Zeitung, Vol. 37, 1913, No. 110, pp. 
1097-1098.

L im e -N itro g e n  I n d u s t r y .  B y  E .  O . S i e b n e r . Chemiker Zeitung, 
V ol.'37, 1913, No. 106, pp . 1057-1058.

O rg a n ic  C h e m is try ,  T h e  S p e c tro sco p e  in .  B y  J a m e s  J . D o b b ie .
Am erican Chemical Journal, Vol. 50, 1913, No. 4, pp . 231-243.

P a p e r ,  A N ew  S o u rce  o f P u lp  S u p p ly . B y  F r e d e r i c k  F .  S tro n g .
Paper M akers' M onthly Journal, Vol. 51, 1913, No. 9, pp. 397-399. 

R e f ra c to r ie s  fo r  t h e  M o d e rn  B o ile r P la n t .  B y  K e r m e t h  S e a v e r . 
Proceedings o f the Engineers' Society o f Western Pennsylvania, Vol. 29, 
1913, No. 6, pp. 339-362.

S e w ag e-S lu d g e  U ti l iz a t io n .  B y  H e r m a n n  B a c k  a n d  L e s l i e  C . F r a n k .
Engineering Record, Vol. 68. 1913, No. 12, pp. 331-333.

S m o k e  P r e v e n tio n . A n o n y m o u s . Industrial World, Vol. 47, 1913, No. 
37, pp . 1093-1101.

S tee l, O v e r-O x id a tio n  of. B y W. R . S h i m e r  a n d  F. O. K i c h l i n e . 

Bulletin o f the American Institute o f M in ing  Engineers, 1913, No. 81. 
pp. 2361-2377.

S tee l, V o lu m e tr ic  D e te r m in a t io n  of P h o s p h o ru s  in ,  A ccording to 
M a c a g n o ’s M e th o d . B y  H .  W d o w is z e w s k i . Chemiker Zeitung, 
Vol. 37, 1913, No. 107, pp. 1069-1071.

T a n n in g  E f f lu e n ts , V a lu a t io n  a n d  F ix a t io n  o f. B y  J . W . P helan* 
a n d  J . H . C o h e n . Journal o f  the American Leather Chemists' Association, 
Vol. 8, 1913, No. 10, pp. 426-438.

T h e rm o c o u p le s ,  B ase  M e ta l ,  S o m e  O b se rv a tio n s  o n . By 0 . L- 
K o w a l k b .  Chemical Engineer, Vol. 18. 1913, No. 3. pp. 93-96.
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RECENT INVENTIONS
B y C. L . P a r k e r ,  Solicitor of Chemical P a ten ts , M cGill Building. W ashington, D . C.

Preparation of C atalytic Substan ces in  a M in utely D ivided 
State. H . K a st, A ug. 12, 1913. U . S . P at. 1,070,138. H eavy  
m etal salts of the trinitroplienols are heated in a w eak ly  oxidizing 
atm osphere until the salts burn olï b y  them selves leavin g be­
hind their ashes in a  v e ry  volum inous and spongy form.

Sulfate of Potash  and Alum ina. H . F . Chappell, A ug. 12, 
1913. U. S. P at. 1,070,324. Sulfate  of potassium  and alum inum  
oxid are obtained from  natural deposits of alum  stone, alum 
rock and alunite b y  heatin g them  to a tem perature of about 
800-10000 C. until the alum inium  com pounds present are con­
verted into insoluble alum inum  oxid and the potassium  com ­
pounds present are converted into potassium  sulfate; the potas­
sium sulfate is separated b y  lixiviation.

Extracting O ils from  F u ller’s E arth  and L ike  M aterials. 
L. Felizat, Aug. 19, 1913. U. S . P at. 1,070,435. Oil is recovered 
from F u ller’s earth and like m aterials used in refining oils by 
adding w ater and a  soluble alkaline carbonate to form a fluid 
mass. T his is heated and carbonic gas is then liberated from  the 
carbonate b y  means of acid to  free the oil from  the earth y m a­
terial and perm it it to  rise to  the top  of the mass.

Cleaning and R efin in g O il. C . W . Stone, A ug. 19, 1913. 
U. S . P at. 1,070,555. Free water, emulsified w ater and oil 
having a  low er boiling point than w ater are rem oved from crude 
petroleum b y  heatin g it  in a station ary  condition to  a  tem ­
perature sufficient to  cause the free w ater to  settle. T h e petro­
leum is then drawn off and caused to  flow rapidly over a  m etallic 
surface heated to  a tem perature above the boiling point of water,

thereby breaking up the emulsion and causing a  portion of the 
water content to  separate in a  liquid condition and another 
portion of the w ater to  vaporize together w ith the volatile  oil 
having a lower boiling point than w ater. T h e  oil is then allowed 
to stand to settle out the separated water. T h e  vapors of w ater 
and oil arising from  the rapidly flowing body of oil are collected 
and condensed.

M aking O xalates. A . H em pel, A ug. 19, 1913. U. S . P at. 
1,070,806. O xalates are produced from  form ates b y  heating to 
from 360° to 4400 C. in an atm osphere of the w aste gas which is 
produced in the m anufacture of form ates from  carbon monoxid 
and caustic alkali.

Soluble B arium  Salts. F . F . H unt, A ug. 19, 1913. U. S. 
Pat. 1,070,810. Soluble barium  salts are obtained from  residues 
containing barium  in an acid-soluble form  b y  adding a sufficient 
quantity of an acid to  solubilize the acid-soluble barium  com ­
pounds. T h e  treated residues are then dried and leached w ith 
water to obtain a solution of the barium  salts.

Explosive. J. F . O ’B rien, A ug. 19, 1913. U. S . P at. 1,070,836.
The mixture consists of potassium  chlorate, starch and silica.

M anufacturing of W hite  Sugar D irect from  R aw  Sugars 
Juices. W ijn berg and Sauer, Aug. 19, 1913. U. S . P at.

__________

1,070,654. R a w  sugar juices are refined b y  adding about. 1 
per cent of norm al sulfur dioxid. T h e  treated juices are then 
mixed w ith decolorizing carbon and kieselguhr, the latter being 
afterw ards rem oved b y  filtering.

G ranular Carbon. J. C. L ee , Aug. 26, 1913. U. S. P at. 
1,071,442. F in ely  divided anthracite coal is heated in the ap­
paratus illustrated b y  m eans of an electri­
cal current of definite intensity, the 
particles of coal being controlled so th at 
each particle is exposed to  the action  of 
the current for a definite period of time.

T reatin g  M elted  , M etals , A lloys and 
Steels . L . M . V . H . B aradu c-M uller,
Aug. 26, 1913. U. S . P at. 1,071,632.

n g .S  M olten  steel in
a  vacuum  cham ­
ber is subjected 
to  a  reduced 
pressure of ap­
proxim ately 1 
mm. of m ercury.
T h e  air and
gases evacuated from  the cham ber 
are rap id ly  refrigerated to  below o °  
C . before reaching the evacuating 

apparatus w hereby the volum e and tem perature o f the 
air and gases com ing from the vacuum  cham ber are greatly  
reduced.

Improving the Condition of Flour. J. A . W esen er, Sept. 2, 
1913. U. S . P at. 1,071,977. F lour is treated w ith anhydrous 
chlorine (diluted w ith  an inactive gas) in order to  m ature and 
w hiten it.

Explosive. F . R aschig, Sept. 2, 1913. TJ. S. P at. 1,072,032.
T h e explosive comprises sodium  nitrate and the alkali soluble 
constituents of w aste products of the soda pulp process.

B leaching Solid and Sem isolid F ats of A ll K in ds. F . R ichter 
and L. von Orth, Sept. 2, 1913. U. S. P at. 1,072,034. T h e fa t 
is m elted and filtered through a layer of alum inium  oxid ob­
tained from  alum inium  am algam . T his oxid is stated  to  have 
a m uch higher absorptive power than alum inium  oxid produced 
b y  other processes as b y  heating trihydrate of alum inium . T h e 
alum inium  oxid after use m ay be regenerated b y  calcining.

Potash  S alts from  Feldspar. H . P . B assett, Sept. 9, 1913. 
U . S. P at. 1,072,686. Feldspar or sim ilar potassium -containing 
rock is heated to  a  red h eat w ith one-half its w eight of sodium 
chlorid and the potassium  salts thus rendered soluble are extracted 
w ith  water.



MARKET REPORT
AVERAGE WHOLESALE PRICES OF STANDARD CHEMICALS, ETC., FOR THE MONTH OF OCTOBER, 1913

O R G A N IC  C H E M IC A L S Silver N itra te ......................................................................Oz. 381/ .  @ 4 0 y 4
A cetanilid ..................................................................................Lb. 21 ©  23 Soapstone in b ag s ...............................................................Ton 10.00 @ 1 2 .0 0
Acetic Acid (28 per c e n t) ............................................... C. 1.75 @ 1.90 Soda Ash (48 per c en t) ....................................................C. 67‘/> © 72‘/ ,
A cetone (d rum s)...............................................................Lb. 131/ .  @ 141/« Sodium  A ceta te ..................................................................Lb. 3»/< @ 4 1/«
Alcohol, denatu red  (180 p roo f)........................................Gal. 35 ©  38 Sodium  B icarbonate (dom estic)...................................C. 1 .00  @ 1 .10
Alcohol, grain (188 p roo f)............................................. Gal. 2 .5 0  @ 2 .52  Sodium  B icarbonate (E nglish)...................................... Lb. 23/ < ©  3
Alcohol, wood (95 per c e n t) ..........................................Gal. 46 © 48 Sodium  B ichrom ate ............................................................ Lb. 4s/ i  @ 5 '/«
Amyl A ceta te .................................................................... Gal. 2 .2 0  ©  2 .30  Sodium  C arbonate  (d ry ) ................................................. C. 60 @ 80
Aniline O il........................................................................... Lb. 10‘/ .  @ 10»/« Sodium  C h lo ra te ................................................................Lb. 8 ' / ,  @ 91/ ,
Benzoic A cid ......................................................................Lb. 23 @ 27 Sodium  Hydroxide, 60 per c e n t....................................C. 1.55 @ 1. 571/ ,
Benzol (90 per c e n t) ....................................................... Gal. 21 @ 23 Sodium  H yposulfite...........................................................C. 1 .30  ©  1.60
C am phor (refined in b u lk )............................................Lb. 42‘/ ,  @ 44 Sodium  N itra te , 95 per cent, sp o t............................... C. 2 .3 2 '/»  @ 2.40
Carbolic Acid (d rum s)....................................................Lb. 81/ .  @ 11 Sodium  Silicate (liquid)....................................................C. 65 © 1.50
C arbon Bisulfide..............................................................Lb. 6 1/ ,  @ 8 S tron tium  N itra te .............................................................Lb. 61/«  @ 7s/*
C arbon T etrachloride (d rum s).................................... Lb. 7>/, @ 8 Sulfur, Flow ers (sublim ed).............................................C. 2 .2 0  @ 2 .60
C hloroform ..........................................................................Lb. 25 @ 35 Sulfur, R o ll...........................................................................c . 1.85 @ 2 ! 15
C itric  Acid (dom estic), c ry s ta ls .................................. Lb. 55 @ 56 Sulfuric Acid, 60° B ..........................................................C. 85 @ 1.00
D extrine (corn)..................................................................C. 3 .0 2  ©  3 .23  T alc  (A m erican)................................................................ T on 15.00 ©  2o!o0
D extrine (im ported p o ta to ) ..........................................Lb. 6 @ 7 T erra  Alba (Am erican), No. 1.......................................C. 75 @ 80
E th e r  (U. S. P., 1900).................................................... Lb. 14 @ 20 T in  B ichloride (50°)..........................................................Lb. 12'/> @ 131/ .
Form aldehyde.................................................................... Lb. 8 >/. @ 9>/. T in  O xide.............................................................................. Lb. 44 @ 4 5
Glycerine (dynam ite).....................................................Lb. 19«/< @ 20V< W hite Lead (American, d ry ) ........................................ Lb. 5«/, ©  6
Oxalic A cid.........................................................................Lb. 7>/» ©  7»/, Zinc C arb o n ate .................................................................. Lb. 9 ©  10
Pyrogallic Acid (b u lk ) ................................................... Lb. 1.20 @ 1.40  Zinc C hloride (g ranu la ted )............................................Lb. 4 1/ .  @ 5
Salicylic A cid.....................................................................I,t>. 25 ©  30 Zinc Oxide (American p rocess).................................... Lb. 5»/* @ 6’/»
S tarch  (cassava)............................................................... Lb. 3 '/<  ©  4 Zinc S u lfate ......................................................................... Lb. 2>/. @ 3
S tarch  (co rn )...................................................................... C. 2 .34  ©  3 .0 0  O IL S , W A X E S, E T C .
S tarch  (p o ta to )................................................................. Lb. 4*/. @ 5 Beeswax (pure w h ite )...................................................... Lb. 42 @ 45
S tarch  (nee),......................................................................Lb- 8 ©  9 Black M ineral Oil, 29 g ra v ity ...................................... Gal. 13>/, @ 14
t  W ST  ; ..................................................................L b ' 2 , / '  @ 2V i C astor Oil (No. 3 ) .............................................................Lb. 8V  @ 10
S tarch  (w h e a t) ..................................................................Lb. 5V . @ 6 */. Ceresin (yellow )...............................  Lb 12 0  22
T annic  Acid (com m ercial)............................................. Lb. 35 @ 36 Corn Oil................................. .....................C ’ 6 35 I  6 40
T a rta r ,c  Acid, c ry s ta ls ................................................... Lb. 3 1 « / .©  32*/. C ottonseed Oil (crude), f. o. b.' m i l l ' . I ! . ' . G a l .  ' 42 @ 42'A

IN O R G A N IC  C H E M IC A L S C ottonseed Oil (p. s. y . ) .................................................C. 6 .8 0  @ 6.90
. . .  C ylinder Oil (light, filtered )..........................................Gal. 21*/. ®  32

A cetate of Lead (brown, b roken ).............................Lb. 7>/< ©  8 Japan  W ax ...........................  Lb 9 I  h /
A cetate of Lim e ( g r a y ) . . . . ...........................................C. 2 .0 0  ©  2 .05  L ard  Oil (prim e w in te r)  ! ! ! ! !  "  ! ! !  [ ! ! ! ! !  ic a l .  93 @ 95

urn u m p ) . . .  . . . .................................. C. 1.75 @ 2 .0 0  Linseed Oil (double-boiled).............................................Gal. 48 ©  49
A lum inum  Sulfate (high-grade)..................................C. 1.25 @ 1.75 M enhaden Oil (c rude).......................... Gal 33 ©  35
Am m onium  C arbonate, d o m e s t ic . . . . ..................... Lb. 8 @ 8 ' / ,  N eatsfoo t Oil (20")...................................  ...................G al' 96 @ 98
A m m onium  Chloride, g ray . ............................Lb. 5 7 .  @ 6 ' / .  Parafiine (crude. 120 & 122 m. p .) ................. . ' . . . '  .L b . ' 3V . @ 3«/.
Aqua Am m onia (drum s) 16 ....................................... L b. 2 V , ©  2 V. Parafiine Oil (high v iscosity )    ..............................Gal. 26 @ 28
Arsenic, w h ite ................................ ....................................Lb. 3 ‘/ .  @ 3»/, Rosin ( " F ” g ra d e ) . . .  Bbl 4 00 I  4 in
B arium  C hloride...................... ........................................ C. 1 .67V . @ 1 . 9 0  R osin Oil (fiflt run ) . . . .  V ! .............................GaL 27 I  28
B anum  N itra te ................... . . . . , ..................................Lb. 51/ , ©  5 '/ .  Shellac, T . N .........................  ...................L b '  21V  &  23V
B ary tes (prim e white, fo re ig n ) ............................ . . . T o n  19.00 @ 23 .50  Sperm aceti (cake)  .............. ................. Lb 30 ffi 35
B eachm g  Powder (35 per c en t)..................................C. 1.25 @ J .3 0  Sperm  Oil (bleached w inter), 38°'.'.'.'.! i . " . '! ! !  Ga'j. 72 |  74
Blue Vitriol . . .  .................................................... Lb. 5 ©  5 «/, Spindle Oil, No. 200........... .................................  G a 18 I  19

B o r i c \ T  t w ' ......................... ...........L b- 3 V* @  ^  S tearic Acid (double-pressed)  ..................... .L b . 8V . I  9
B one Acid crystals (pow d.)........................................Lb. 7 @ 71/ .  Tallow  (acidless)............................  Gal 63 ©  65
Brim stone (crude, dom estic)........................................T on 22 .00  @ 22 .50  T a r  Oil (d istilled)........................... ' : .............Gal 30 1  31
Bromine, b u lk . . . .  ................................ ............... Lb. 30 ©  35 T urpen tine  (spirits o f) ................... ..................................Gal 43V . ©  45
Calcium  Chloride, fused ................................. C 85 1 in    '  ®
C halk (light p r e c ip i t a te d ) . . . . ............................... i . i u ,  4 5  4 V. M E T A L S
C hina Clay (im ported)................................................. Ton nom inal A lum inum  (No. 1 in g o ts).............................................. Lb. 20 @ 21

...............................................................................Ton 8 .0 0  @ 12.00 ^ ....................................................... L b ‘ 7‘A  @ 7V‘
F u lle r’s E a rth , powdered, F oreign............................ T on 16.00 @ 17 00 »smuth (New \ o r k ) ..................................... Lb. 2 .05  @ 2.10
G reen Vitriol (bu lk )........................................................ C. 55 @ 60 Bronze pow der.....................................................................Lb. 50 @ 3 . 0 0
H ydrochloric Acid (18°)............................................... C. 1.15 @ 1.55 C opper (electro ly tic).........................................................L b . 16*/. @ —
Iodine (resublim ed).........................................................Lb. 3 .55  @ 3^60 Copper (lake)................... ....................................................Lb. 16>/< @ —
Lead N itra te ......................................................................Lb. 8 @ 8 ‘/« L1;311- N - Y ...........................................................................Lb. 4 .35  @ —
L itharge (A m erican).......................................................Lb. 6 V4 @ 7 N ickel.................................................................................... Lb. 50 ©  55
L ith ium  C arbonate .......................................................... Lb. 65 @ 70 P la tinum  (refined)............................................................Oz. 43 .50  @ 44 .50
M agnesia (pow dered)......................................................Lb. 5 l/> ©  6 ~.*VCr......................................................................................° z .  6 1 '/"  ©  62*/«
M agnesite (raw )............................................................... Ton 30 .00  @ 35 00 T.‘D...........................................................................................   40 -50 @ 4 3 .5 0
N itric  Acid. 3 6 ° ................................................................ Lb. 3 7/ .  @ 4>/,    5 -30 ®  5 40
Phosphoric Acid (sp. gr. 1.75).....................................Lb. 21"/. @ 25*A F E R T IL IZ E R  M A T E R IA L S
P h o s p h o ru s .. . ................................................................... Lb. 45 @ 1.00 A m m onium  S u lfa te .....................................................  C 3 07i/« (& 3.10
P las te r of P a n s ..................................................................Bbl. 1 .50  @ 1.70 Blood, d rie d ...............................................................U n it 3 15 ©  —

otassium  Biclirom ate, 50 ..........................................Lb. 6 '/ ,  ©  7 Bone, 4V« an d  50, ground, ra w ....................................T on 27 .50  @ 28 .00
o ass um romi e ......................................................... Lb. 39 @ 40 Calcium  N itra te  (N orw egian)...................  C 2 05 @ 2 . 1 0

Potassium  C arbonate  (calcined). 80 @ 8 5 %  C. 3 .3 0  @ 3 . 5 0  C asto r m eal....................................................................i . ' i u k i t  ’ 3 .30
Totassium  Chlorate, c ry s ta ls .......................................Lb. 8 '/ ,  @ 91/ .  Fish Scrap, dom estic, d ried .......................................... U n it 3 25 ©  3.35 & 10

p : ^ , U m ? '? , m , <b k ) ' 98' 9 9 % .........................L b- 19 ©  24 M ow rah m eal............................................................. . . . . T on nomfnal
P n t \  ' UtU t  ................................................C‘ 4-00  ®  4-25 P hosphate, acid, 16 per cen t b u lk ................................T on  —  © 6.75
Potassium  Iodide (b u lk )................................................ Lb. 2 .95  ©  3 .00  P hosphate  rock; f. o. b. m ine:

o assium itra te  (c ru d e )...........................................Lb. 4 1/« @ 5 F lorida land pebble, 68 per c e n t...................... T on  2 75 @ 3.00
F,m t T , T , (bU lk)................................L b- 9 V i ® 10 Tennessee. 70-80 per c e n t...............................^  . . .T o n  5 00 5  5.50

Red i  1 ' d f A aS" 1   38 .00  ©  40 .00  P o ta s s iu m ,‘'m u ria te ,"  basis 80 per c e n t................. T on  38.55 @ —
£  ^ m enca" ) " ; - .............................................Lb- 7 @ 7 V . Pyrites, furnace size, im p o rted .. ...............................U n it 0 .1 3 V

Salt Cake (g lass-m akers) ..............................................C . 55 ©  65 Tankage, high-grade..................................................... . .U n it 3 . 1 » / .  *


