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EDITORIALS
T H E  P E R K IN  M ED AL

D avy cautioned F araday not to indulge in immoder­
ate expectations of the rewards of Science. True, 
her gifts are not, as a rule, redundant, and they are 
likely, moreover, to be sometimes capriciously be­
stowed; but Science gives more precious rewards for 
excellence or success than those w hich can be ex­
pressed as ponderable quantities, and, among these, 
few  are valued more highly than medals.

W e look upon a medal as tangible proof of pre­
eminence, for it is an indication of individual accom­
plishm ents— a token cast, in artistic mold, from a 
fusion of the golden opinions won by illustrious work. 
It  furnishes the individual w ith evidence as to the re­
gard in which achievem ents are held by his co-workers 
and fellow men.

On October 6, 1906, at a banquet given to Sir W il­
liam H enry Perkin, a t Delm onico’s, New Y ork, Dr. 
W illiam  H. Nichols handed to Sir W illiam  the first 
impression of the Perkin Medal, in gold. Dr. Nichols 
announced th at this medal would be given annually 
to that chem ist residing in the United States who had 
accomplished the most valuable work in applied chem­
istry during his career, whether this had proved suc­
cessful at the tim e of execution or publication, or had 
subsequently become valuable in the developm ent 
of industry. The Perkin Medal is therefore an ac­
knowledgm ent of conspicuous services to technical 
chem istry— a reward for the successful application 
of scientific methods to industry. It  is associated 
w ith the name of one of the most distinguished chem­
ists, the founder of the immense coal-tar industry, 
and the recipient of the highest marks of distinction 
possible for Science to award; and it is conferred in 
order to show high appreciation of and gratitude for 
the success of the recipient of the medal in advancing 
chem ical industry in one or several of its branches. 
In this w ay  the applicability of chem istry to the arts 
and m anufactures is advanced, for someone eminent 
in the field of chem ical technology is indicated for the 
benefit of the aspiring technologist, and chem istry 
applied to the industries receives further recognition. 
The lessons in methods which the labors of the medal­
ists afford must prove invaluable to all ambitious 
chemists.

W hile the award of the Perkin Medal is made by 
the New Y o rk  Section of the Society of Chemical In­
dustry, the largest and most prominent of the Am er­
ican sections of a great Society which embraces in 
its membership all— among the English-speaking 
races— that is representative of enterprise and progress 
in relation to the chemical arts, engineering, and in­
dustries, y e t the Perkin Medal Committee, which se­
lects the medalist, is constituted of representatives 
of different chemical societies of this country in addi­
tion to a representation from the Society of Chemical 
In dustry; and, in m aking the selection, this Committee 
shows how highly it appreciates the work of the one

so honored. It  is not required, as in the case of some §■ 
medals, that an y particular society en joy the credit 
and distinction of dissem inating the results of the en­
quiries to which his fruitfu l ideas g ive rise: the Perkin 
Medal is a medal of m erit conferred on chemists and ' 
technologists residing in the U nited States for ser­
vices done in technical chem istry, as determined by 
the scope, value and im portance, and w ith  no restric­
tions as to any definite field of endeavor. In being 
presented, therefore, w ith the Perkin Medal, the re­
cipient is sensible of the great honor done him, and 
this sense of the honor is increased b y  the recollection 
of the eminence of the preceding m edalists. Perkin, 
Herreshoff, Behr, Acheson, H all, Frasch, and Gayley! 
How proud one must feel in being reckoned of their 
com pany!

T H E  ANNUAL M EE TIN G  A T  M IL W A U K E E

The forty-seventh annual m eeting of the American 
Chemical Society is to be held at Milwaukee, March 
25th to 28th. The general headquarters will beatthe 
Hotel Pfister, and the m eetings will be held at Mar­
quette U niversity, located in the business center of the 
city. The local com m ittee is headed b y  Mr. C. H. 
Hall, as Chairman, and Mr. P. J. W eber, as Secretary.

The entertainment com m ittee is planning an inter­
esting program, and special attention  is being paid to 
preparations for the entertainm ent of ladies, at such 
tim es as they cannot participate in the regular pro­
gram. M any m anufacturing plan ts w ill be visited. 
Milwaukee affords excellent opportunities to see the 
tanning and packing industries; the manufacture of 
iron and steel, engines— gasoline and kerosene, by­
product coke and gas, glue, refrigerating machinery, 
automobiles, autom obile parts and tires; shops and 
breweries. Most of these w ill be open to inspection by 
our members.

President V an Hise has extended a special invitation 
to the Society to visit the U n iversity  of Wisconsin.

The plans as outlined b y  the local com mittee clearly 
indicate th at this is to be an unusually large and suc­
cessful meeting. The social, business, and scientific 

value of these meetings is more and more a matter of 
importance to the profession, and it is to the profession, 
therefore, that we should look for support and cooper­
ation. E ve ry  chem ist should atten d  a t least one meet­
ing each year. W h y not begin a t Milwaukee?

T H E  B U R E A U  O F M IN ES

The crying need of the Bureau of Mines for buildings  ̂
and equipment can be easily appreciated  on reading 
Director J. A. H olm es’ Second A nn ual Report, 'lhe 
amount and value of the w ork already a c c o m p l i s h e d  in 
mine safety and rescue dem onstrations, fuel investi­

gations, explosive tests and standardization, and other 
field work is am azing when one considers th at the Bureau 
has never had a perm anent home. It  is a l m o s t  incon­
ceivable that this im portant departm ent s h o u l d  be
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housed in rented buildings. The delays and expense, 
already 8150,000, incident to tem porary locations, 
seriously handicap the work.

Thirty thousand men have been killed and nearly 
twenty thousand seriously injured in the coal mines 
within the last ten years. The B u reau ’s w ork w ithin 
the past year has yielded a reduction of five hundred 
in this annual sacrifice of life, b u t our losses in all mines 
and quarries are so g reatly  in excess of those in other 
countries as to.be a v e ry  discreditable com m entary on 
our mining methods. In the face of the wonderful re­
sults so far accomplished, the mine rescue w ork of the 
Bureau has had to be curtailed and some im portant 
phases entirely om itted, due to lack of equipm ent. 
This one branch of the B u reau ’s work is of sufficient

im portance to m erit the unlim ited support of Congress.
The fact th at the fuel testing done b y  the Bureau 

has saved the G overnm ent not less than $ 1 0 0 , 0 0 0  per 
year during the last three years, while laboring under 
the m ost unfavorable conditions im aginable, is an in­
dication of w h at can be expected if the proper w orking 
conditions are provided.

The Bureau asks for the m odest appropriation of 
$500,000 for buildings and proposes to use the “ cheap­
est sort of construction th at will be decent to have in 
a c ity .”  It  w ants nothing ornam ental. I t  asks only 
for efficient w orking housing for the prosecution of its 
investigations, and a review  of the valu able  w ork a l­
ready accom plished should serve to convince Congress 
of the urgent needs of the Bureau of Mines.

ORIGINAL PAPLRS
NOTES ON M INE GAS P R O B L E M S 1

B y  G e o r g e  A. B u r r e l l

The Bureau of Mines has accum ulated considerable 
data regarding mine gases, as a result of the analysis 
of gas samples collected in different mines and as a 
result of experim ental w ork perform ed in the labora­
tory. Some of the observations are presented here, 
regarding the explosibility  and physiological effects 
of mine atmospheres, also regarding flame extin ction  
and after-damp.

E X P L O S IB IL IT Y  O F  M E T H A N E

The limits of explosib ility  of m ethane have been 
worked out ■ b y  different investigators and results, 
which in the main are in accord w ith each other, 
have been determ ined in the laboratory. Some 
differences have been published b u t these are 
mainly due to the fact th at different experim ent­
ers have performed the w ork under different con­
ditions. Sufficient em phasis has not alw ays been 
placed upon the decided effect experim ental conditions 
exert on the results. The size and shape of the vessel 
employed, nature of source of ignition, i. <?., w hether 
flame, small electric spark or large electric flash; 
ignition of m ixture from  above or below ; m oisture in 
the mixture; and tem perature and pressure, all m ay 
have some influence in determ ining the lim its of 
explosibility of m ixtures of com bustible gases w ith  
air- A partial burning in a m ixture of a com bustible 
gas with air a lw ays takes place when the ignition 
temperature is reached, w hether an explosive propor­
tion of combustible gas be present or not. The exten t 
of this burning will depend upon some of the conditions 
just referred to. B u t explosive lim its in the sense 
the terms are ordinarily used have reference to 
those percentages of inflam m able gas betw een w hich 
self-propagation of flame to all parts of a m ix ­
ture occurs w ithout help from the source of 
ignition other than the ignition of the m ixture a t one 
point. I he sm allest q u a n tity  of an y  com bustible gas 
"  ich when m ixed w ith  air (or oxygen) will enable
the  ̂rescntcc* perm ission of th e  D irec to r of th e  B u reau  of M ines a t  
h ,^ Wl,I?ter m eet>n£ ° f  th e  W est V irg in ia  Coal M ining In s ti tu te ,  P arkers- 
Urs' W- Va„ Decem ber, 1912.

self-propagation of flame to take place is term ed the 
lower lim it of explosibility  of the gas. It is of v ita l 
im portance to m ining men of course, th a t the correct 
lim it of explosibility of m ethane w ith  air be known.

L O W  E X P L O S IV E  L IM IT  O F  M E T H A N E  A IR  M IX T U R E S

More recent w ork has shown th at this value is about 
5.50 per cent, m ethane and not 6 per cent, as is som e­
tim es stated. E ven  0.50 per cent, is of significance. 
Modern ventilation aim s to keep the m ethane in mine 
air as far rem oved from  the explosive proportion as 
possible. One per cent, of m ethane in return air is 
considered a large qu an tity . One half per cent, is 
sometimes tolerated. If the explosive lim it for m eth­
ane is 5.5 per cent, and a m ining m anagem ent calls 
6 per cent, the low lim it of explosibility, th ey  are 0.5 
per cent, nearer the explosive proportion than they 
think.

Coquillon ignited m ethane-air m ixtures in a closed 
vessel b y  means of an electric spark, and placed the 
lower lim it of explosibility  a t 5.8 per cent, m ethane. 
Le Chatelier and M allard and Boudouard have placed 
the lim it a t 6.0 per cent. E itner determ ined the 
low er lim it of explosib ility  of m ethane to be 6.1 per 
cent. Clowes obtained 5.0 per cent, as the low  lim it 
of explosibility when the gas w as fired from  below w ith 
a flame and 6.0 per cent, as the lim it when the gas was 
fired from  above. Teclu  found the low er lim it of 
explosib ility  to be betw een 3.20 and 3.67 per cent. 
T eclu 's values are quite outside of the others m entioned 
here. The m ost recent values are those obtained b y  
Burgess and W heeler who place the lower lim it of 
explosibility between 5.5 and 5.7 per cent. No dis­
cussion of the different m ethods of experim entation 
will be given here, the object' being only to con vey the 
idea th at exact duplication of results b y  different 
experim enters has not alw ays followed.

In the B ureau’s lab oratory  an explosion could not 
be obtained .when a m ixture of m ethane and air con­
taining less than 5.5 per cent, m ethane was subjected 
to  the action of a sm all I/ 8 inch spark from  an induction 
coil. The latter w as driven b y  four d ry  cells. The 
m ixture w as placed in a  100 cc. spherical vessel over



i 8 2 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  Mar., i 9 i 3

mercury. An explosion could not be obtained with 
o .i per cent, less methane when the pressure was 
increased from one atmosphere to two atmospheres. 
W ith  5.50 per cent, of methane, combustion was not 
quite complete. Analysis of the products of combus­
tion showed, however, that only a trace of combustible 
gas remained unbum t. Pure methane was prepared 
b y  the action of alcohol and m ethyl iodide on a zinc- 
copper couple.

A  number of experiments have been performed in 
the Bureau’s laboratory in which a flame has been 
used as the source of ignition. In some of those ex­
periments a spherical flask having a capacity  of one 
liter has been used. Some burning followed under 
these conditions when as little as 4.75 per cent, methane 
was present. Ignition was effected from below. The 
burning extended as a cone about one-half of the w ay 
to the top of the flask. Inflam m ation in the m ixture 
increased w ith increasing percentages of methane. 
A ll mining men have of course noticed this behavior 
in m ixtures of combustible gases and air. W ith very 
small percentages the inflammation starts as a cap on 
the flame of t h e . safety lamp. The inflammation 
spreads from the source of ignition as the percentage 
of com bustible gas is increased. F inally conditions 
are right for a projection of flame throughout 
the m ixture. A t about 5.50 per cent, the low lim it 
of explosibility, the flame extends to all parts of the 
m ixture but travels com paratively slowly and can be 
followed b y  the eye. W ith increasing proportions of 
methane, the explosion becomes more violent. It 
was observed th at the partial burning in a m ixture 
containing less than 5.50 per cent, methane depended 
upon the several factors such as nature of ignition, 
shape of container, etc., but that complete explosion 
could not be obtained under several different conditions 
of experim ent tried when less than 5.5 per cent, of 
methane was present. In determining the low ex­
plosive lim it of methane-air mixtures, the products 
of com bustion were examined to ascertain the com­
pleteness of the combustion. In the experiments that 
follow, this was not done unless otherwise stated. 
The term explosion will be retained to mean conditions 
when the flame filled the container as far as could be 
seen b y  the eye. Inflam m ation will mean only a 
partial filling of the container b y  the flash. The 
foregoing remarks are prelim inary to a brief account 
of some experiments regarding explosibility of fire­
damp, which are not so well known.

E F F E C T  O F  C A R B O N  D IO X ID E  ON  T H E  E X P L O S IB IL IT Y  O F 

M E T H A N E

In explosions, as well as flame extinction and 
physiological effects, the influence of carbon dioxide 
in mine air has usually been overestim ated. Carbon 
dioxide alw ays occurs in mine gas m ixtures in which 
explosive amounts of methane are present and there 
is alw ays a greater oxygen deficiency than is produced 
when the m ethane is added to air for simple laboratory 
experiments. The following experiments show some­
thing about the explosibility of methane in'the presence 
of excessive proportions of carbon dioxide and when 
the oxygen is considerably reduced.

In the B ureau ’s laboratory, when 2.5 per cent, of 
carbon dioxide was present in a m ixture, an ex­
plosion followed when the m ethane w as raised to 5.83 
per cent.

W ith 5.0 per cent, carbon dioxide an explosion oc­
curred when the m ethane w as raised to 6.25 per cent. 
W ith  10.o per cent, of carbon dioxide an explosion 
was obtained when the m ethane constituted 6.6 per 
cent, of the total. A  small spark from  an induction 
coil was the source of ignition. The presence of 
carbon dioxide narrows the explosive lim its but it will 
be observed th at even 10 p ercen t, only raised the low 
lim it to 6.60 per cent.

E F F E C T  O F R E D U C E D  O X Y G E N  O N  T H E  EXPLOSIBILITY 

O F F IR E -D A M P

A  spherical- flask having a cap acity  of r liter was 
used in the following experim ents: A  m ixture of the
following composition was experim ented with:

P e r cent.

Carbon d iox ide .................................................  0 .0 3
O xygen ................................................................  14.00
M ethane ............................................................... 9 .4 0
N itrogen ..............................................................  76 .57

W hen this m ixture was exposed to a flame from 
above inflammation occurred. The flame spread 
downward to the m iddle of the flask, and out toward 
the sides where it died. The eye could easily follow 
the course of the w ave. W hen the m ixture was 
ignited with a flame from  below, it exploded with 
considerable force. A s far as the eye could see the 
flame filled the entire flask.

Further experiments were m ade in w hich the oxygen 
had been reduced to 13  per cent. This mixture had 
the following composition:

P e rc e n t.
Carbon d io x id e .................................................  0 .03
O xygen ................................................................  13.00
M ethane ..................................    9 .4 0
N itrogen ..............................................................  77.57

The m ixture was placed in a cylin drical vessel having 
a capacity of 2750 cc. Tw o copper terminals were 
quickly broken to produce-the flash, w hich took place 
in the center of the vessel. A  current of 7.5 amperes 
a t a pressure of 220 volts was used. A  flash about 
one-half inch long could be obtained. On the break 
of the contact the inflam m ation spread upward almost 
to the top of the jar.

W i t h  1 5 .x  percent, oxygen and 9 .4  per cent, methane, 

a quite violent explosion was obtained under the same 
conditions of experim entation. Experim ents were 
also performed in which a sm all one-eighth inch spark 
from an induction coil was used as the source of igni' 
tion. A  m ixture having the following co m p o sitio n  

exploded:
P e r cent.

Carbon d iox ide .................................................  3 .92
O xygen................................................................. 16.25
M ethane............................................................... 9.43
N itrogen.................................................................  70.37

Under the same conditions a m ixture having the 
following composition in w hich the oxygen was slightl} 
diminished, did not inflame at all :
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P e r cent.
Carbon d io x id e .................................................. 3 .9 9
O xygen....................................................................  15 .90
M e th a n e .. ..........................' . ..............................  9 .25
N itro g e n .. ........................' ................................. 70 .86

It was observed in conducting these exp losib ility  
experiments th at both the electric flash and flame 
produced inflam mation under more severe conditions 
than the small spark; also, a flame when applied from  
below will produce inflam m ation, under more severe 
conditions, than when applied from  above.

These are only a few  of man}’- experim ents which 
have been made on the explosib ility  of gaseous m ix­
tures at the B ureau’s laboratory. Some experim ents 
have been made in w hich black pow der has been fired 
into mixtures of gas and air, in a gallery  having a 
capacity of 600 cubic feet.

Much interest and criticism  has followed Dr. John 
Harger’s (England) proposal th at the oxygen be de­
creased and carbon dioxide be increased in mines to 
prevent explosions. Briefly, Dr. H arger’s proposition 
is this: A  small reduction in the oxygen  percentage
and a small increase in the carbon dioxide percentage 
in mine air will suffice to produce an atm osphere 
incapable of supporting com bustion and consequently 
an atmosphere in w hich explosions and gob fires cannot 
occur. For average mines it is suggested to start 
the experimental w ork on a large sc a le ; th at the oxygen 
should he reduced to 20 per cent. (i. e., 1 per cent, 
below normal) and a half per cent. CO, added to it. 
Where the conditions were more dangerous the oxygen 
should be further reduced, say, to 19 per cent., and 
the C0 2 increased to three-quarters of 1 per cent.

Time will not be devoted now  to a discussion of the 
many points involved in Dr. H arger’s suggestion, unless 
it is the wish of the In stitute. E xperim ents which 
have been perform ed b y  the Bureau, some of w hich 
are here presented, indicate th at the oxygen percentage 
will have to be reduced m uch below  the figures m en­
tioned by Dr. H arger to prevent all explosions. Of 
course, as the oxygen  percentage is decreased the 
mixture explodes less v io len tly  and less com pletely. 
As regards carbon dioxide, so m uch w ould have to 
be added to prevent fire-damp explosions th a t it 
appears that its use for th at purpose w ould be entirely 
precluded.

MINE-GAS M IX T U R E S  C O N T A IN IN G  E X P L O S IV E  A ND 

O T H E R  P R O P O R T IO N S  O F  M E T H A N E

Below are given some .analyses of m ine-gas samples, 
some of which contain explosive proportions of m eth­
ane. The accom panying carbon dioxide and oxygen 
content are of interest in connection w ith  foregoing 
experiments. The sam ples were collected in mines 
wherein ventilation had been interrupted for some 
time. Explosions had occurred in these mines.

Sample
COo o2 c h 4 n2
8.23 10.50 4.49 76.73
0.48 17.49 9.20 72.83
5.81 13.95 5.07 75.17
1.75 17.63 7.60 73.02
Q.34 19.46 5.79 74,41
0.35 18.81 7.25 73.59
2.00 15.64 7.37 74.99

Sam ples Nos. 2, 4, 5, 6 and 7 are explosive. There 
could be but ve ry  slight inflam m ation in m ixtures 
represented b y  samples Nos. 1 and 3.

K now ledge of the explosibility  of m ixtures as th ey  
occur in mines has been especially useful to the Bureau 
in th at such atm ospheres are frequ en tly  encountered 
in exploration w ork follow ing mine explosions and 
fires.

E X T IN C T IO N  O F A C E T Y L E N E  F L A M E

The Bureau has already called attention  to the 
ten acity  to existence of the acetylene flame, in th at it 
w ill exist in atm ospheres in which the ordinary wick- 
fed flame is extinguished. It  was found th at a residual 
atm osphere in which an acetylene flame had been 
extinguished contained 11.70 per cent, oxygen  and 
6.30 per cent, carbon dioxide. More recent experi­
m ents have confirmed this finding. It  w as also found 
th at when about one-half of the carbon dioxide was 
rem oved as it was form ed the acetylen e flame burned 
in a slightly  greater oxygen deficiency. F or these 
experim ents the flame was placed in a gas-tight cabinet, 
having a cap acity  of 25 cubic feet. The residual 
atm osphere after the flame had been extinguished 
had the follow ing decom position:

Sam ple from  m iddle S am ple from  b o tto m  
of ch am b er of ch am b er

C arbon d io x id e ............................  3 .2 2  3 .1 7
O x y g en ..............................................  10 .99  11.12

The Bureau has observed th at in mines when the 
oxygen  has decreased to x i per cent., about 6 per cent, 
of carbon dioxide on the average will be present. 
An objection has been raised to the use of the acetylene 
flame in th at it becom es extinguished only when there 
m ay be grave danger to men, because of the presence 
of much black dam p. The acetylene flame, as is the 
case w ith other flames, burns less brigh tly  as the 
proportions of oxygen  in mine air diminishes. I t  was 
observed a t the B ureau’s laboratory th at when the 
oxygen content of air decreased to about 16 or 16.5 
per cent, the flame resem bled the ordinary w ick-fed 
flam e when the latter burns in pure air, i. e., air con­
taining 21 per cent, oxygen. This indication can be 
used as a guide against men venturing into black- 
dam p workings containing less oxygen than this pro­
portion.

E F F E C T  O F  C A R B O N  D IO X ID E  O N  T H E  E X T IN G U IS H M E N T  

O F  T H E  F L A M E S  O F  M IN E R S ’ L A M P S

The ordinary m iners’ lam p is extinguished when 
the oxygen  falls to about 16.5 or 17 per cent. This 
extinguishm ent is alm ost en tirely  due to the oxygen 
deficiency and not to  the carbon dioxide, since this 
constituent is rarely ever present in sufficient q u an tity  
when the oxygen in mine air drops to 16 or 17 per 
cent., to exert an y appreciable effect. W hen a lighted 
candle was placed in a bell ja r  filled w ith  ordinary 
air it went out when the oxygen  percentage fell to 
16.24 per cent. The carbon dioxide produced b y  the 
burning am ounted to 2.95 per cent. W hen 3.22 per 
cent, of carbon dioxide w as originally in the a ir the 
atm osphere, after the extinguishm ent of the flame, 
contained 16.68 per cent. W hen the atm osphere
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originally contained 13.52 per cent, carbon dioxide 
and 20.67 Per cent, oxygen the flame went out when 
the oxygen had fallen to 17.39 per cent. These analyses 
are tabulated below:

C om position of atm osphere C om position of atm osphere 
a t  beginning of experim ent in which flam e w ent ou t

COs 0» COa O2

 1............................  0 .0 4  21 .00  2 .95  16.34
 2 ............................  3 .2 2  21 .13  ‘ 6 .51 16 .6S
 3 .................................  13.52 20 .67  16.00 17.39

It will be observed that the initial presence of a large 
amount of carbon dioxide had little effect on the 
flame extinguishment. In all of these laboratory 
experim ents the flame probably existed a trifle longer 
than would be the case in actual mining practice, 
because in mines a slight gust of air or sharp thrust 
of a lamp would puff out a diminishing flame.

E F F E C T  O F V IT IA T E D  A IR  ON T H E  L U M IN O S IT Y  O F 

M IX E R S ’ LA M PS

J. S. H aldane1 recently made an im portant contri­
bution to mining literature when he determined the 
effect on the light of a safety lam p when burned in 
atm ospheres deficient in oxygen. Mine air is alw ays 
deficient in oxygen to some extent as compared with 
outside air. This deficiency m ay amount to from 
o .i to 0.2 per cent., to  2 or more per cent, under ordi­
nary working conditions.

A  table w hich J. S. H aldane prepared is o f excep­
tional interest and is here presented:
O b s e r v e d  P e r c e n t a g e  D n r i x c n o x  o f  L i g h t  w i t h  O b s e r v e d  P e r c e n ­

t a g e  D n t t x m o x  o r  O x y g e n  

L i g h t  O x y g e n  L i g h t  p e r c e n t a g e  O x y g e n  p e r c e n t a g e
g i v e n  p e r c e n t a g e  d i m i n i s h e d  d i m i n i s h e d

IOO 2 0 .9s> 0 0.00
90 20 66 10 0.27
77 20.34 2 5  0.59
¿6 34 1.05
41 ltJ .34 59 1.S9
27 IS. 92 73 2.01
11 1 <. 2S S9 > 65
0 IS.01 IOO 2.92

Dr. Haldane observed, roughly speaking, that everv 
dim inution o: c . i  per cent, in the oxygen caused a 
dim inution of 3.5 per cent, of the value of the light 
in the pure air.

S I G H  V E L O C IT Y  O F  A IR  C U R R E N T S  IN  M IN E S

A s against m any good reasons put forth for keeping 
miners plentifu lly  supplied w ith fresh air. there has 
arisen the protest th at w ith high velocities of air 
currents in mines and high oxygen content of mine air. 
explosions nave increased in num ber. L ow  oxvgen 
content as a pre ventive of explosions has been discussed 
tn part in tnis paper: the question of high velocities 
is more com pletely wrapped up with the question of 
cu st explosions, and w ill no: be discussed here.

AFTER-DAM P

iw o  samples 01 atter-cam p atm ospheres are here 
presented. T h ey  are o f interest as showing the large 
amount e; carbon monoxide (white-damp) present 
shortly  a fter  an explosion.

t-am p ie  No. r w as coi_ected 30 m in u te s  a f te r  a n  
e x p lo s io n  h a d  o cc u rre d  a t  th e  E x p e r im e n ta l m in e

1 Cfcffiw- f  Guardian. October 25» 1912_

of the Bureau at Bruceton, Pa. I t  w as taken in the 
main entry a t the junction w ith the first right butt entry 
after ventilation had been restored in the main entry.

Sample No. 2 was collected a t the face of the first 
right b u tt entry 100 feet from  where Sam ple No. 1 
had been collected. V entilation had not been restored 
in this entry.

Sam ple Xo. 1 San^ple Xo. 2
Carbon d io x id e   0 .2 6  1.54
O xygen ...........................  20 .2 6  17.79
Carbon m o n o x id e .. . 0 .1 6  1.89
M ethane....................... 0 .1 2  0 .6 5
X itrogen .........................  79 .2 0  78 .13

H ydrogen p resen t less th a n  0.20 p e r cen t.

These analyses are instructive as showing that very 
dangerous atmospheres m ay exist after an explosion 
in a mine in close p roxim ity to  atm ospheres wherein 
men would not soon feel distress. The Bureau found 
that in o .i6 per cent, carbon m onoxide a mouse shows 
only slight signs of weakness a t the end of one hour's 
time. In the same atm osphere a bird showed signs 
of distress in 3 minutes tim e and fell from its perch in 
iS  minutes.

In exploring a mine containing after-dam p a person 
could, b y  disregarding the warning of a sensitive 
animal like a canary, travel in a v e ry  short time from 
an atmosphere that would not distress him rapidly 
into one where collapse w ould q u ick ly  follow.

A U T O M A T IC  GAS S A M P L E R

The Bureau has lately  developed an autom atic mine 
gas sampler to a stage o f com pletion where it is be­
lieved samples of after-gases can be trapped a t the time 
an explosive wave goes b y  and at prearranged intervals 
thereafter in order that the chem istry of the explosions 
in the Experim ental mine m ay be b etter studied.

An analysis of a sample collected a t the Altoft 
Experim ental station (England) I/ .0 o f a second after 
the explosion had passed contained the following 
constituents:

P e r­
cen tages

Carbon d iox ide.................................................  11.25
O xygen................................................................  1.15

. Carbon m onoxide............................................. 8 .1 5
H ydrogen ............................................................ 2 .75
M ethane..............................................................  2 .95
X itrogen..............................................................  73 .75

The high percentage of carbon m onoxide will be 
noticed. The British report calls atten tion  to the 
presence of oxygen as showing the inrush of air even 
so short a time after the explosion w ave had passed. 
They state that, at the instant of passage of the flame, 
the oxygen should have been en tirelv  c o n s u m e d .  

The gallery a t A lto ft ’s is above ground, however, and 
inrush of pure air would be quicker th an  in a mine.

D IS T R IB U T IO N  O F  A F T E R -D A M P

It  is well known to mining men th a t a fter an e.xplo- 
sion, parts of a mine m ay be quite unaffected by the 
explosion, and that in some places th e  products of 
-tie explosion (white-damp, etc.) m av  not penetrate. 
Men have lived for days in some mines a fter explosions 
'“ •■‘I rescued. On the other hand, men rushing into 
the track of the explosion in the dash for safety have
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frequently been overcom e. A s is generally  recognized, 
the heaviest toll of life is alm ost in variab ly  due to the 
white-damp and not to explosive violence.

USE OF B IR D S F O R  C O N T IN U E D  E X P L O R A T IO N  W O R K

The Bureau has made experim ents having to do w ith  
the use of canaries for continued exploration work, 
having in mind the fact th at the same anim al m ight 
be used and overcom e several tim es in the sam e day. 
It was found th at even after repeated exposures to 
carbon monoxide these anim als, upon subsequent 
exposures, show distress, collapse and revive in about 
the same period of tim e as on the first exposure. 
Consequently these anim als can be used again and 
again for all practical purposes w ith the knowledge 
that they will not be less efficient for exploration work 
even after repeated exposures. No parallel can be 
drawn regarding the effects on men of carbon m onoxide 
from these experim ents. Men have been m onths 
recovering from severe cases of poisoning, and the 
after-effects have been v e ry  form idable. To show 
how differently carbon m onoxide affects men and 
animals the following experim ents perform ed b y  the 
Bureau are here tabulated:

Q u a n t i t y  o f  C O  U s e d  =  0 .2 5  P e r  C e n t .

Effects on Canaries
Time exposed D istress Collapse R ecovery
3 m inutes 2 m in u tes 3 m inu tes 7 m inu tes

Effects on M ice
Time exposed D istress Collapse R ecovery
12 m inutes 6 m inu tes 12 m inu tes 25 m inu tes

Eficct on M ail
Time exposed D istress Collapse R ecovery
20 m inutes 1 h o u r S hours

Whereas the anim als were left in the atm ospheres 
until they collapsed, the m an left the atm osphere 
experiencing but little  discom fort a t the end of 20 
minutes. One hour later he becam e very  sick. Much 
might be written about the poisonous action of carbon 
monoxide. A  further discussion w ill be reserved for a 
Bureau publication.

U SE  O F S P A R R O W S  F O R  R E C O V E R Y  W O R K

The Bureau has attem pted to use English sparrows 
for recovery w ork in mines w ith  not m uch success, 
because those so far obtained have not survived  
captivity. Pigeons are not sensitive enough. A t 
the end of n  m inutes in an atm osphere containing 
° - 25 per cent, of carbon m onoxide, th ey showed b u t 
slight signs of distress. Mice are more sluggish and 
not so easily affected as canaries, but a t the same time, 
useful. A  mouse and a can ary  together w ould m ake 
a good combination. The usefulness of sm all anim als 
for detecting bad a ir in mines has been so w ell recog­
nized in England th at th ey  are k ep t a t all mine safety  
stations and some collieries. The B ureau  of Mines of 
this country keeps them  a t all of its stations.

IN T R U SIO N  o f  N A T U R A L  GAS IN T O  C O A L M IN E S  

Natural gas has intruded into some coal mines w ith  
disastrous consequences. Mining men are alert to the 
importance of the questions. Old abandoned wells 
are an especial menace in th at nobody know s the 
whereabouts of some of them.

Some com parison betw een the explosib ility  of 
natural gas and fire-dam p is interesting. N atural 
gases of the A ppalachian fields contain other paraffin 
hydrocarbons than m ethane, principally  ethane. The 
follow ing analysis shows the com position of the natural 
gas used at Pittsburgh. This gas is drawn largely 
from  W est V irginia. Some comes from  W estern 
Pennsylvania.

C arbon d io x id e ..............  tra c e  (less th a n  0.10 p e r  cen t.)
O xygen .............................. 0 .0 0
M ethane ............................  82 .5
E th a n e ............................... 16.0
N itro g en ...........................  1.5

Carbon m onoxide, hydrogen or ethylene are not con­
tained in the gas, not even in traces.

Below  are shown the explosive lim its of m ethane- 
air m ixtures, and natural gas-air m ixtures. Ignition 
w as 'effected b y  a sm all electric spark from  an induction 
coil.

M ethane N a tu ra l gas
Low  lim it..................... 5 .5 0  4 .9 2
H igh l im it ...................  12.50 12.00

Below  are given the ignition tem peratures of m ethane 
and ethane, determ ined b y  D ixon and C ow ard :1

M eth an e ........................................  6S 0°-750° C.
E th a n e ........................................... 52 0 °-6 3 0 °  C.

It  does not appear from  the above th at natural gas 
is so m uch more sensitive to inflam m ation as to pro­
duce an added m enace from  this cause upon intrusion 
into a mine. The great danger lies in the sudden 
inrush of a large body of inflam m able gas w hich has 
not alw ays been controlled in order to every  disaster. 
The fact th at carbon m onoxide is not present in the 
gas is fortunate. M any published analyses show 
natural gas to contain this constituent. The sta te­
m ent is erroneous. H igher paraffin hydrocarbons 
than m ethane in natural gas g ive  to the latter its 
characteristic odour.
IN F L A M M A B L E  C H A R A C T E R  O F  T H E  G A S E S  P R E S E N T  IN  

M IN E  A IR

T he Bureau has alm ost ready for publication a 
report showing the exact character of the inflam m able 
gases present in m any samples of mine air. In  m any 
te x t books, the statem ent is m ade th at hydrogen, 
ethylene, carbon m onoxide, and ethane m ay be 
present in mine air under normal conditions of opera­
tion; as far as the authors of these books are concerned, 
th e y  have been justified because occasionally analyses 
showing these constituents are reported, although, 
even so, the bulk of evidence shows them  to be of rare 
occurrence under the conditions cited. Because of 
the reported presence of these gases in mine air the 
question has, a t times, been raised regarding the appli­
cation to mining conditions of experim ents perform ed 
in the laboratory or testing galleries, in which m ethane 
or the nearly sim ilar natural gas is used. In  the 
B u reau ’s report, mine gas samples from  about 50 
mines are listed. M ethods of exam ination are de­
scribed. The great effect of ve ry  small errors which 
can hardly be avoided in the m anipulation of m any 
forms of gas analysis apparatus is shown in th at these

i  Chem. N ew s, 9 9 ,  139 (1909).
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small errors m ay result in the reporting of one or more 
per cent, of combustible gases other than methane. 
Of course, if a careful analyst reports other com ­
bustible gases than methane in even a few samples, 
then one is justified in believing that th ey m ay occur 
in other samples. The above statem ent excepts a 
few mines around the oil regions into which natural 
gas m ay have escaped.

A  rather complete bulletin is also ready having to 
do w ith methods of exam ination of mine and natural 
gases. A pparatus is shown for research work, also 
simple machines th at can be easily operated at mines. 
Chemical analyses are the basis from which safety 
lamps and other gas indicators are constructed and 
simple methods for these standard tests are desired. 
An abstract from the larger bulletin has also been 
com pleted which contains only those chemical ap­
paratus suitable for use at mines.
U S E  O F  B IR D S  A ND M IC E  F O R  E X P L O R A T IO N  P U R P O S E S

A publication has also been prepared containing 
further work regarding the use of canaries and mice. 
A  short abstract of these findings is given in the pre­
ceding pages.

C O O P E R A T IV E  W O R K  W IT H  IL L IN O IS

In cooperation with the State of Illinois a  large 
number of samples have been collected in th at state 
b y  N. H. Darton, Geologist of the Bureau. This has 
also been done in the anthracite fields of Pennsylvania. 
The results of analyses of these samples are being 
shaped into a report, and will show the composition 
of the air in m any different mines in those states. 
Mr. D arton also reports interesting findings having 
to do w ith  geological conditions and methane libera­
tion.

N O R M A L  M IN E  A IR  S A M P L E S

In conjunction w ith G. S. Rice, Chief Mining E ngi­
neer of the Bureau, a prelim inary report is being 
assembled showing the composition of the mine air 
in m any different coal mines, under normal conditions 
in different parts of the country. Alm ost all of the 
data has been assembled for this work.

M IN E  G A SE S AN D  E X P L O S IO N S

Mine gas samples have also been collected b y  min­
ing engineers of the Bureau following m any mine 
explosions. Their significance will be discussed in 
the reports of those explosions.

U S E  O F  G A S O L IN E  L O C O M O T IV E S

A  large number of samples were collected having 
to  do w ith use of gasoline motors in mines.

E xh aust samples have been collected, also samples 
of the air in the mines where motors were operated. 
Special investigations have been made for coal opera­
tors, inspectors, and m otor m anufacturers at their 
request. I t  seemed best to defer a report for publica­
tion, however, until results could be obtained con­
necting exhaust gases w ith power developed, gasoline 
consumption different carbureter arrangement, etc. 
T his w ork is in progress and is under the direction of 
O. P. Hood, Chief Mechanical Engineer of the Bureau.

B L A C K -D A M P  IN  M IN E  A IR

Enough date has also been collected for the issuance

of a publication on black-dam p in Am erican mines. 
Also one on after-damp.

M IN E R S ’ C IR C U L A R

A  miners’ circular is being prepared, having to do 
with a discussion of mine gases. No attem pt, of 
course, is being made to replace those mine gas terms, 
with which miners are most fam iliar, such as black- 
damp, after-dam p, after-gases, fire-dam p, etc., but a 
circular showing the B ureau ’s observations on these 
subjects will be published, since in the performance 
of investigative work these names must, a t times, be 
replaced b y  the chem ical ones. B lack-dam p is still 
sometimes w rongfully used as m eaning carbon dioxide 
instead of a m ixture of nitrogen and carbon dioxide. 
The latter usually plays but a sm all p art in the com­
bustion effects produced b y  the m ixture.

The deficiency of oxygen, which alw ays accompanies 
excessive proportions of black-dam p, is the main 
factor in flame extinguishm ent in mines. On the 
other hand, physiological effects, if produced in men 
when they are in atmospheres in w hich lam ps do not 
burn, are frequently due to the carbon dioxide. This 
statem ent has reference to atm ospheres in old work­
ings, etc., and not those th at have been vitiated  by 
mine fires, explosions, etc., and wherein carbon mon­
oxide m ight exist. Different m eanings have been 
attributed to the word “ fire-dam p.” To some it means 
methane, to others any m ixture of m ethane and air. 
T h at other gases than m ethane m ay frequently be 
present is sometimes stated. Some perso/is define 
it as any inflammable m ixture of m ethane and air.

Sufficient data are not at hand to com pletely de­
scribe the constituents present in after-dam p. That 
the products of incomplete com bustion of methane, 
coal dust and air can be quite com plex, is shown by 
work already performed on single gases and air. This 
statem ent has reference to the im m ediate after­
products of an explosion. The Bureau hopes to se­
cure data on this point a t the experim ental mine.

A f t e r  a stagnant mine atm osphere has been c la r if ie d  

of smoke particles and easily soluble gases, and gases 
th at irritate, there can remain, for a lon£ time, a clear 
atmosphere containing oxygen, carbon dioxide, nitro­
gen, methane, hydrogen and carbon m onoxide; an 
atmosphere w ith only the characteristic odor of b u r n t  

coal and wood, yet one th at can be fatal because of 
the presence of the carbon - m onoxide. O xygen may 
be present in sufficient q u an tity  to  enable a lamp 
flame to burn fairly  well, 'and absolutely no indication 
given to an exploring p arty  of the presence of c a rb o n  

monoxide, although the latter m ay be present in 
sufficient amount to produce fatal results. Deaths 
have been caused b y  men relying upon the lamp flame 
to warn them of carbon monoxide.

B u r e a t j  o f  M i n e s  

P i t t s b u r g h

T H E  D E ST R U C T IV E  D IST ILLA T IO N  OF S E W A G E  SLUDGE

B y A u g u s t u s  H . F i s k e  a n d  R i c h a r d  B. E a r l e  
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H fS T O R IC A L

The problem of utilizing sewage sludge divides itself
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naturally into tw o divisions: F irst, the elim ination of
moisture, and second, the disposal of the solid m aterial 
most advantageously. E xperim ents leading to the 
solution of these problem s are constan tly  being tried, 
and in different places varyin g  m ethods are in use. 
In England, filter presses and rotary  driers, and in 
Germany, besides these, centrifugal driers have also 
been employed to bring the m oisture in the sludge down 
to 60-80 per cent. R u ggles1 estim ates the cost of 
drying sludge to a  m oisture content of 8-10 per cent, 
at S i.66 per ton. This m aterial is then sold as fertilizer. 
It is estim ated3 from analyses of the fertilizing con­
stituents, th at the substance should be w orth $7.50 to 
$10.00 per ton, b u t it seems probable th a t the reason 
it has not come into w ider use for this purpose is the 
fact that it contains grease.

Schweitzer-5 states th a t at the c ity  of E lbing, the 
sludge contains 60-70 per cent, of w ater w hen it leaves 
the filter presses. I t  is then allow ed to rem ain two 
to four weeks in the open, and then, either used for 
fertilizer (containing 2-4 per cent, nitrogen), or burnt 
in a suction gas producer. A t  H annover4 where 
centrifugal driers are em ployed, the sludge contains 
50-70 per cent, of w ater, a slight im provem ent over 
the filter presses. In  experim ents at Brunn,s A ustria, 
a rotary drier, heated artificially, was used, and the 
content of m oisture in the sludge reduced to 25 per 
cent, before being utilized for the preparation of illum i­
nating gas. F or this purpose, 100 kg. of the sludge 
were mixed w ith  2 kg. of coal, and on distilling the 
mixture 23 cu. m. of gas were obtained per 100 kg. 
sludge.

Bayer and F ab re6 gav e  the mean of 75 analyses of 
sludge as follows:

P e r
cen t.

C .............................................................................. 31 .04
H ................................................................................. 3 .95
NT................................................................................. 2 .S7
0 .............................................................................  20 .73
A sh.........................................................................  41 .41
P 2O5........................................................................ 1.03
K ................................................................................. 0 .4 2

In their experim ents 55 kg. of sludge were distilled at 
a time, the distillation lasting 2I/2 hours, and the 
yield of gas w as on a basis of 23.8 cu. m. gas per 100 
kg. sludge. A t  F ran k fo rt,7 dried sludge used in a 
gas producer yielded 20 cu. m. gas per 100 kg. of dry 
sludge.

In England, P urcell8 distilled d ry sludge and ob­
tained ammonia and gas. He also states th at the 
residue from the distillation is valuable to the cem ent 
manufacturer. A t  Chorley^ illum inating gas is made 
in small amounts from  the sludge. A t M anchester, 
and Kingston-on-Thames, the sludge is dried and sold 
as fertilizer. A t  Norwich, grease is recovered from  it. 
At Leeds a small p lan t for destructive distillation of

1 Ena. Record, 63, 79 .
'  Ibid., 66, 701.
3 J . Gatbel, 64, 231.
* Eno. Record. 68, 445.
s Rev. chim. Ind ., 21, 779.
'•Rer. gên. chim.. 14, 199.
' Enç. Record, 68, 445 .

Trans. Inst. M in , Ena.. [4] 35, 37; B rit. P a t..  18,199. Aug.J.31, 1908.
A/un. J . Eng.. 32, 483.

l S 7

the sludge has been used for the purpose of recovering 
amm onia. A t  Oldham , grease is recovered b y  treating 
the sludge in a retort w ith  steam .

D E S C R IP T IV E

The following experim ents were tried w ith sewage 
sludge from the precipitation p lant at- W orcester, 
M assachusetts, where the treatm ent of the sewage is 
essentially as follows: M ilk of lime is first added to
crude sewage and the m ixture run into large tanks to 
settle. The crude sewage contains large quantities 
of soluble iron salts, due to the iron works in the city. 
The lime precipitates the iron com pounds w hich carry  
down w ith . them  m ost of the solid m aterial in the 
sewage. A fter  settling, the clear effluent is drawn off, 
and the dilute sludge pum ped to filter presses, where 
its m oisture content is reduced to about 75 per cent. 
I t  is then dumped aw ay. The sludge from  the press 
is a dark chocolate brow n substance of a claylike 
consistency and sp. gr. about 1 .2 .  I t  comes from  the 
press in sheets about */t inch thick, w hich give  a  faint, 
rather unpleasant odor. The average content of 
w ater was found to be 72 per cent.

Experim ents on the drying of this substance were 
tried, and it was found that it dried readily in a current 
of warm  air leaving a brow n friable residue of a sp. gr.
0 .3 . If the tem perature was m aintained about 7 0 0-  

80° C., it dried in less than 10 hours. If  the substance 
w as m erely exposed to the air of the room, ab out 16 0 
C., it required four days for the substance to lose all 
b u t about 10  per cent, of its m oisture, and thereafter 
the drying process was very  slow.

The dried substance was next subjected to de­
structive distillation b y  two m ethods. In the first 
series of experim ents, the d ry  sludge w as distilled in 
a sm all iron retort d irectly  connected to a condenser 
and suitable gas washing bottle. In the second series, 
the retort was connected d irectly  w ith a coil of '/» 
inch gas pipe about 2l/i m. long kept at a red heat, 
through which the products of distillation passed. 
T he rest of the apparatus was essentially the same 
in both series. One of the gas washing bottles con­
tained a dilute solution of sulfuric acid to absorb 
an y am m onia which m ight be evolved.

In every experim ent the retort was heated to a 
bright red, and kept in this condition until the evolu­
tion of gas was less than th irty  bubbles per m inute, 
experim ents having shown th at the distillation was 
practically  com plete when this condition had been 
reached. It  was then allowed to cool, and on opening, 
it contained a black, friable charcoal weighing about
58  per cent, of the original sludge. This substance 
contained 18 .8  per cent, of carbon, and the ash from 
burning it, contained Fe and Ca, as bases, and Cl, PO ,,
SO,, CO,, as acids.

In the first series, where the red hot coil w as not 
used, the liquid distillate w as a brown oil smelling of 
pyridine bases and weighing about 20 per cent, of the 
w eight of the original sludge. It  was subjected to 
fractional distillation w ith the following results:
5 9  per cent, of the oil collected in the fraction up to 
1 0 0 °  C., 17  per cent, a t io o °  to 1 1 5 0 C.; 10  per cent, 
a t 2 4 0 0 to 2 8 5 °  C.; black tarry  residue 13  per cent, left

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 IN E E R IN G  C H E M I S T R Y
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in still. A  few qualitative tests on these fractions 
showed thiophene, pyrrol, and possibly indol. In the 
second series, where the products of distillation passed 
through the red hot coil, the liquid distillate was only 
about Vs of the am ount collected in the first series. 
I t  was black, and had the odor of ordinary gas works 
tar, probably containing similar constituents.

The evolution of gas in the first series, was on the 
basis of about 1 1 .3S cu. m. per 100 kg. dry sludge. 
W hen burned in a fishtail burner, it gave a flame 
containing a com paratively large proportion of blue, 
and was distinctly poor in illum inating constituents.

In the second series the yield of gas was on a basis 
of 19.08 cu. m. per 100 kg. dry sludge, and was far 
superior in illuminating qualities, not only to the gas 
made in the first series, but also to the gas from the 
city  main.

The following table is a comparison of the results 
obtained with the W orcester sludge and those of Bayer 
and Fabre, and others:

W orcester 
W orcester sludge 

sludge distilled 
by  d irec t w ith use of B ayer and

distilla tion  red  h o t coil (F ran k fo rt) F ab re
Gas per 100 k g . . 11.4 cu. m . 19.1 cu. m . 20 cu. m. 23.8 qu. m.

(com m on gas coal)
N H 3 p e r 100 k g .........................  0.27 kg. 0.13 kg. 0.75 kg.

to  0.28 kg.
T a r .............................. 20%  13% 3%
O rganic m a tte r  in

sludge......................................  50%  60%
Y ield of coke............................  58.3%  60%  57.6%
Carbon in c o k e ......................... 18.5% 90%

Composition of gas evolved:
Q;H(. Sp.

C 02 e tc. 0 2 CO CH4 Ha N2 gr.
W orcester sludge:
F irs t series  2 4 .6  5 .0  0 .6  9 .6  13.9 18.8 2 7 .8  0.733
Second series  18.4 15.9 0 .7  7 .5  13.8 28 .2  15.5 0.499

B ay er and  Fabre:
190 7 ............................  2 .2  4 .8  0 .8  17.5 18,1 44 .2  12 .0  ______
190 8 ............................  2 .2  7 .3  0 .8  14.4 23 .2  41 .7  7 .9
Coal gas (a).......... 1 .1 -1 .8 3 -5 .7  . . .  3 -9  32-39 42-53 1 .0 -5 .0  0.468

(a) "G as M anufactu re .” by  W . J . A. B utterfie ld , p. 76.

E X P E R IM E N T A L  'P O R T IO N

To dry the sludge, tw o methods were tried, at the 
tem perature of the room, and over a steam radiator 
where there was a good circulation of air. The tem ­
perature of the room was about 16° C., while the air
above the radiator varied from 6o°-8o° C. The
following figures are typical of m any series of drying 
experiments:

Original w eight A fte r 10 hrs. A fte r 24 hrs.
A t room  te m p e ra tu re   264 gram s 207 gram s 155 gram s
On ra d ia to r ...............................  172 gram s 67 gram s 65 gram s

A fter 4S h rs. A fte r 72 hrs. A fte r 12 days
A t room  te m p e ra tu re   106 gram s 92 gram s 84 gram s
On ra d ia to r .........................  No fu rth e r loss

Thus we see that the sludge on the radiator was practi­
cally  dry in 10 hours, while the sludge a t the room 
tem perature lost 2 1 per cent, of its moisture in that 
time. A fter 24 hours it had lost 4 1  per cent., the 
next day 60 per cent., the following day 65 per cent., 
and thereafter the loss was very  slow, its moisture 
content being reduced to about 3 per cent', at the end

of 12 days. In each case the sludge w as in the form 
of the filter press sheet.

The dry substance was light brow n in color and 
almost odorless. I t  was found to  contain approxi­
m ately 50 per cent, of organic m atter, while the sludge 
used b y  B ayer and F ab re1 contained alm ost 60 per 
cent. This p artly  explains the sm aller yield  of gas 
from the W orcester sludge. W hen burnt to an ash, 
a brownish residue was left, the color being apparently 
due to iron. It  had a strong alkaline reaction and 
contained phosphates, sulfates, chlorides, carbon­
ates, calcium, iron and small am ounts of the alkali 
metals. A  quantitative analysis w as not made, but 
it is probable th at it contained about 1 per cent, of 
phosphoric acid and less than 0.5 per cent, of potassium, 
the results of B ayer and Fabre.

The dry sludge w as heated in a sm all iron retort, 
60 gram s being taken for each charge. This yielded 
an average of 35 gram s of a b lack  friable residue con­
taining 18-19 per cent, of carbon. In  the first series 
of experiments, where the superheating coil was omit­
ted, a brown oil was collected from  the condenser, 
which had an odor resembling the tar of an old tobacco 
pipe. It  averaged in weight 20 per cent, of the weight 
of the original charge of sludge. W hen fractionally 
distilled the following results were obtained:

W eight of oil tak en  97 gram s 
F rac tio n  (a) to  100° C. 57 g ram s 
F rac tion  (6) 100-115° C. 17 gram s 
F rac tion  (c) 115-135° C. a  few drops 
F rac tio n  (d) 135-240° C. no th in g  
F rac tio n  (c) 240-285° C. 10 g ram s 
R esidue in  still, 12 gram s

There was a distinct break in the continuity  of the 
distillation between 115 and 240 °, and another be­
tween 265 and 284°. A t  this latter point much of the 
oil in the last fraction was distilled. T he temperature 
then fell to 220°, whereupon the distillation was 
stopped. A  thick, black tar rem ained in the still 
which would not distil w ith steam , and was not in­
vestigated further. Anderson1 states th at in the dis­
tillation of bone oil there w as a break in the distillation 
after 2/5 of the oil had been distilled. This is like 
the break in the distillation of the sludge oil already 
described. He states th at the tem perature had to 
be considerably raised in order th at the distillation 
m ight continue uniformly. N o therm om etric data 
are given.

A  few qualitative tests on the fractions were made 
in order to get a general idea of their c o m p o s it io n . 

Fraction (a) contained water, am m onia, gave a deep 
red with sulfuric acid, probably thiophene, and 
turned a pine shaving deep red, p robably pyrrol. 
Fraction (b) was composed of tw o layers. The lower 
contained water and pyridine, the latter shown by a 
test with hydrochloric acid and chlorplatinic acid 
which gave a red insoluble precipitate. The upper 
layer was m ostly pyrrol as its vapors colored a p'ne 
shaving moistened w ith hydrochloric acid a deep red. 
Fraction (c) gave no definite tests though indol was 
indicated by the action of N aN O , and H ,S 0 4.

The gas which was freely evolved  during distillation 
1 Trans. Royal Soc. Ed., 16, 463.
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measured 6-7.5 liters per charge of 60 gram s of sludge, 
or on a basis of 11.38 cu. m. per 100 kg. I t  was col­
lected over w ater and allow ed to stand over night. It  
was then burnt in a fishtail burner and found to  give  
aboutr/2 the illum ination th at the c ity  gas supply gave. 
The flame contained a com paratively  large porportion 
of blue. Analysis of the gas gave  the following re­
sults, 100 cc. being taken  for each analysis and the 
analyses being done in duplicate:
Vol. after K O II....................................  7 4 .9 c c .  7 5 .9 c c .  2 4 .6 %  C 0 2
Vol. after fuming HoSO^...................  7 0 .0  cc. 7 0 .8  cc. 5 .0 %  H ydrocarbons
Vol. after pyrogallol...........................  6 9 .4  cc. 7 0 .2  cc. 0 .6 %  0 2
Vol. after cuprous a m m o n iu m .. . . 5 9 .8  cc. 6 1 .2  cc. 9 .6 %  CO

io cc. of the residue were then m ixed w ith  50 cc.,of air 
and exploded b y  means of an electric spark.

Vol. before explosion.............  60 cc.
Vol. a fter explosion...................  5 1 .0  cc. 5 0 .6  cc.
Vol. of co n trac tio n ......................... 9 .0  cc. 9 .4  cc. M ean, 9 .2  cc.
Vol. a fter K O H ..............................  4 8 .6  cc. 4 8 .8  cc.
Vol. of CO2........................................  2 .4  cc. 1 .8  cc. M ean, 2 .3  cc.
Vol. of CH4, in 10 cc. re s idue ......................................................... 2 .3  cc.
Contraction due to  H 2 +  Oo in 10 cc. re s idue .....................  4 .6  cc.
Vol. of II2 in 10 cc. re s idue ............................................................. 3 .1  cc.

Results for CH4, H 2 and  N2 on  basis of orig inal gas:
Vol. of H2.................. 18 .8  p e r c en t. -
Vol. of CII4...............  13.0 p e r cen t.
Vol. of N2.   .......................  2 7 .8  p e r cen t, (by  difference)

The density of the gas w as found b y  Bunsen’s 
diffusion method, as follows:

A verage tim e  fo r series
of experim en ts  R esu lts

A ir........................................  26 .8 5  seconds 1 .000 sp. gr.
Sewage gas......................... 2 2 .9 9  seconds 0 .7 3 3  sp. gr.
City gas............................... 18 .52  seconds 0 .4 6 8  sp. gr.

In order to decompose the basic tarry  distillate into 
more useful compounds, in the n e xt series of experi­
ments, the products of distillation were passed
through a coil of l /2 inch gas pipe heated to bright 
redness. The coil w as about io  cm. in diam eter and 
contained about 2.5 m. of pipe. I t  w as expected th at 
this would give a larger y ie ld  of gaseous products, 
and at the same tim e cause the decom position of m any 
of the complex organic bases into am m onia. Sim ul­
taneously the more valuable hydrocarbons of the 
benzol series ought to replace them  in the tar. The 
only alteration, therefore, in the apparatus for this 
series of experiments, w as the insertion of the super­
heating coil betw een the retort and .the condenser. 
The procedure in the experim ents rem ained the same 
as in the first series.

Under these conditions, the liquid distillate, which 
in the first series had the odor of pyrid ine and its 
homologues, now had the black  color and character- 
!stic odor of common coal tar. The am ount, however, 
■"as less, the yield  from  60 gram s of sludge being on an 
average 8 grams. A n  aliquot p art of the gas liquor 
"as taken for the determ ination of am m onia, the gas 

eing distilled off and titrated  w ith  standard acid, 
he yield was found to be on a basis of 0.27 kg. N H 3 

per 100 kg. sludge.
The gas, as produced from  the apparatus w ith the 

use ^ e  superheater, w as increased in q u an tity  and 
improved in quality. A  charge of 60 gram s of sludge 
&a\e on an average 11 .4 -11 .9  liters of gas, or on a 

asis of 19.08 cu.. m. per 100 kg. sludge. W hen

burnt in a fishtail burner it gave  a flame far brighter 
than the flame of the c ity  gas. A nalysis gave the 
following results, the procedure being the sam e as in 
the analysis of the gas m ade w ithout the superheated 
which has been already described.
Vol. a f te r  K O H ....................................  S 1 .2 c c .  8 2 .0 c c .  18 .4 %  COj
Vol. a f te r  fum ing H 2SO4...................  6 5 .2  cc. 6 6 .2  cc. 15 .9 %  H y drocarbons
Vol. a f te r  p y rogallo l...........................  64 .5  cc. 6 5 .4  cc. 0 .7 %  O;.
Vol. a f te r  cuprous a m m o n iu m .. .  . 5 6 .6 c c .  5 S .4 c c .  7 .5 %  CO

10 cc. of the residue w as then m ixed w ith  40 cc. of air 
and exploded b y  means of an electric spark.

Vol. before exp losion ................  5 0 .0  cc. . . . .
Vol. a f te r  exp losion ...................  3 7 .2  cc. 3 8 .4  cc.
Vol. of c o n tra c tio n ..................... 12.8 cC. 1 1 .6 c c . M ean, 12.2 cc.
Vol. a f te r  KOH...................  3 4 .8  cc. 3 6 .0  cc.
Vol. of C 02..........   2 .4  cc. 2 .4  cc.

Vol. of CII^ in 10 cc. of re s idue .................  2 .4  cc.
C on trac tion  due to  II2 4- 0>....................... 7 .4  cc.
Vol. of Ho In 10 c c ..........................................  4 .9  cc.
T o ta l vol. of C I1| in  original g as ...............  13 .8  cc.
T o ta l vol. of H2 in original g a s .................. 2 8 .2  cc.
T o ta l vol. N2 in original g a s ........................ 15 .5 cc. (by  difference)

T h e density of the gas was found b y  B unsen’s diffusion 
m ethod, as follows:

A verage tim e  for 
scries of e xperim en ts  R esu lts

A ir.........................................  2 2 .2 0  seconds 1.000 sp. gr.
G a s ........................................ 2 0 .0 6  seconds 0 .4 9 9  sp. gr.

SU M M A R Y

W e can briefly recapitulate the results obtained in 
this w ork as follows:

1. T h at the sludge w ill becom e alm ost d ry  a t ordi­
n ary tem peratures in four days, or in less than ten 
hours if exposed to a mild, artificial heat.

2. T h at the yield  of gas from  the heated sludge is 
com parable to the y ield  from  a ton of gas coal, if the 
products of distillation are passed through a super­
heater.

3. T h at the q u an tity  of illum inating hydrocarbons 
in this gas is alm ost three tim es as great as in coal gas.

4. T h at the superheating of the tarry  distillate 
changes its character from a substance resem bling 
bone oil to w hat appears to be coal tar.

5. T h at the am ount of am m onia is fu lly  equal to th at 
obtained from coal.

Chemical Laboratory, Harvard College 
Cambridge, Mass.

A L L O Y S  OF C O B A LT  W IT H  CH ROM IU M  AN D  O T H E R  M E T A L S 1
B y  E l w o o d  H a y n e s

A s in organic nature, certain anim al and vegetable 
forms have undergone modifications, and thus, as it 
were, fitted them selves to live in a new environm ent, 
so it has been found possible in certain instances to 
form new m etallic com binations w hich are p ractically  
immune to the natural conditions th at ex ist on the 
earth a t the present time. A  few of the rare metals, 
such as gold, silver, and the m etals of the platinum  
group, are found native, b u t the com m oner h eavy 
m etals are n early  alw ays found in the form  of oxides 
or sulfides.

F or a num ber of years I have m ade experim ents 
w ith a view  to finding certain m etallic com binations

1 P a p e r  p resen ted  a t  th e  E ig h th  In te rn a tio n a l Congress of A pplied 
C hem istry , New Y ork , S ep tem ber, 1912.
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or alloys which would not only resist oxidation and 
other harmful influences, but would also possess valu ­
able physical properties, which would render them  fit 
for special services. The first decisive step made in 
this direction, was the discovery of an alloy of nickel 
and chromium in 1898. The properties of this alloy 
have already been described in a previous paper.1 
Im m ediately following the discovery of the nickel- 
chromium alloy, I produced an alloy of cobalt and 
chromium. This has likewise been described in the 
previous paper, but the range of proportion between 
the cobalt and chromium is so great, and the com bi­
nation is modified to such a marked degree b y  the 
introduction of other substances, th at I have felt 
justified in reading another paper on this subject, 
describing more fully my researches in this particular 
direction.

As early as 1907 and 1908, I made alloys or com bi­
nations of cobalt, chromium and tungsten; cobalt, 
chromium and molybdenum ; and cobalt, chromium, 
tungsten and molybdenum. I have made alloys of 
cobalt and chromium containing zirconium, tantalum , 
thorium, titanium , vanadium , etc. I have also added 
to the cobalt-chromium alloys the non-metallic 
elements, carbon, silicon, and boron. Some exceed­
ingly interesting results have been obtained from these 
various combinations, and while further investigation 
is necessarjr in order to fu lly determine their chemical 
and physical properties, a number of them have shown 
interesting economic possibilities.

The prelim inary fusions were made in graphite 
crucibles b y  means of a furnace operated by natural 
gas. I was later obliged to use crucibles of a special 
composition, not only to avoid the contamination of 
the m etal b y  carbon from the crucible, but also because 
they proved more reliable under long-continued 
heating, than those made of graphite.

The metal tungsten alloys readily with chromium 
and cobalt in all proportions. When added in small 
quantity to the cobalt-chromium alloy, it seems to 
have little influence on the properties of the com bi­
nations, but if the proportion rises to 2 per cent, or 
3 per cent., a notable effect is produced. Generally 
speaking, the cobalt-chromium alloy becomes harder 
and more elastic, especially if it contains a small 
amount of carbon, boron, or silicon.

The following experim ent shows the effect of melting 
the alloy in a graphite crucible: 90 grams of cobalt,
6.3 gram s of tungsten, 18 grams of chromium, to­
gether w ith a small quantity  of calcium  silicide, were 
introduced into a graphite crucible. ' The resulting 
alloy was very hard, and the crucible much eroded on 
the inside. The bar could be slightly flattened at 
one end. and after being made into a cold chisel, 
showed rem arkable qualities. I t  would not only 
scratch glass, but also quartz crystal. It was quite 
tough at ordinary temperatures, and would cut small 
chips or shavings from a piece of stellite. A t a bright 
yellow  heat it showed signs of fusion, and became 
cqvered with a skin of oxide.

A n  alloy  was made b y  melting the following in a
1 T h i s  J o u r n a l ,  2 ,  3 9 7 .

special crucible: Cobalt rondelles 80 gram s, chromium 
20 grams, tungsten 7 gram s, calcium  silicide 10 grams, 
calcium carbide 5 grams. A s soon as the above were 
melted, the crucible cover was rem oved, and 15 grams 
of an alloy of cobalt and boron were introduced. 
The crucible lid was then replaced and the heating 
continued. A  heavy, th ick  slag formed, which was 
removed before pouring the m etal. The resulting 
bar was very  hard and elastic, b u t drew  only slightly 
under the hammer, and then broke. A  cold chisel 
made from the cast m etal cut iron readily. The bar 
was broken up and rem elted w ith about one-third of 
its weight of an alloy of cobalt, chrom ium , tungsten 
and carbon. The result w as a fine-grained alloy 
which was very  clastic, and would draw  out to a con­
siderable degree under the ham m er w ithout checking. 
Its elastic lim it m ust have been ve ry  high, since when 
it broke, the pieces were thrown violently.

Taking the alloy  of chrom ium  and cobalt as a basis, 
and holding the proportion of chrom ium  at 15 per cent, 
of the entire m ixture, it w as found th at the alloy 
gradually increased in hardness w ith  the percentage 
of tungsten. W hen the q u an tity  of tungsten rises 
to 5 per cent., the alloy becom es distin ctly  harder, 
particularly when forged under the hammer. When 
the tungsten reaches 10 per cent., the m etal still forges 
readily, and a tool formed from  the a llo y  takes a fine 
cutting edge. This alloy is suitable for both cold 
chisels and wood-working tools. W hen the tungsten 
rises to 15 per cent., the m etal can still be forged, but 
great care is necessary in order to avoid  checking. 
This alloy is considerably harder than th at containing 
10 per cent, of tungsten and is excellent for cold chisels. 
When the tungsten rises to 20 per cent., the alloy is 
still harder, and can be forged to a  sm all extent. It 
makes good lathe tools for cu ttin g  steel and other 
metals a t moderate speeds. W hen the tungsten rises 
to  25 per cent., a very hard alloy results, which cannot 
be forged to any extent, but casts readily  into bars 
which m ay be ground to a suitable form  for lathe tools. 
These tools have shown great capabilities, particularly 
for the turning of steel, since th ey  are ve ry  strong, and 
retain their hardness a t speeds w hich alm ost instantly 
destroy the cutting edge of a steel tool. The tungsten 
m ay be still further increased to 40 per cent., and the 
alloy will retain its cuttin g qualities, and for turning 
cast iron, this alloy answers even better than that 
containing 25 per cent. W hen the- tungsten reaches 

40 per cent, or more, the alloy becomes so hard that 

it will not only scratch glass, b u t w ill readily scratch 

quartz crystal. A  small drill, m ade of this material, 
drilled a hole through the wall of a glass bottle without 
the addition of any liquid or other lubricant. A 
three-eighth inch square cast bar, when ground to a 
suitable edge, was set in a tool holder attached to a 

lathe. The workman who had operated the lathe, 
had been able to turn to form 26 cast iron wheels in 
10 hours with a steel tool of the sam e size. The stellite 

tool turned 49 of these wheels to form  in the same time- 
The steel tool was ground 50 tim es during the operation, 
while the edge of the stellite tool w as dressed slightly 
b y  a carborundum whetstone, after its d a y ’s work " as
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completed. A  set of steel cutters, placed in the boring 
head of a cylinder-boring machine, were able to bore 
from 26 to 28 holes in 10 hours. These cutters were 
replaced b y  others m ade of stellite, w hich perform ed 
the work in 3 hours and 20 m inutes, or a little  more 
than one-third the tim e. N ot only w as the speed of 
the mill doubled, b u t the feed also, and n otw ith ­
standing this severe ordeal, the stellite cutters were 
only slightly worn, while it w ould have been necessary 
to regrind the steel cutters a t least tw o or three tim es 
/or the same service at slower speed. Some rem arkable 
results were obtained in the turning of steel on the 
lathe. For exam ple, a cylindrical bar of annealed 
nickel-chrome steel, about tw o and one-half inches in 
diameter, was placed in a lathe and turned w ith  a steel 
tool at about as high a speed as the steel would perm it 
without “ burning.” The steel tool w as then replaced 
by one of stellite, and the speed a t the sam e tim e 
increased to tw o and tw o-thirds its form er speed. 
The stellite tool retained its edge under these severe 
conditions, and produced a  shaving weighing one and 
two-tenths pounds in one-half m inute. Just w hat 
the effect of the a lloy  w ill be in m achine shop practice 
is at present som ew hat difficult to determ ine. In 
my opinion, however, it will not fu lly  supersede high­
speed steel in the m achine shop, but in cases w here 
rapid work is the m ain consideration, it w ill doubtless 
replace high-speed steel.

When m olybdenum  is added to  a 15 per cent, cobalt- 
chromium alloy, the a lloy  rapid ly  hardens as the 
molybdenum content increases, until the content of 
the latter metal reaches 40 per cent., when the alloy 
becomes exceedingly hard and brittle. It  cuts keenly 
and deeply into glass, and scratches quartz crystal 
with ease. I t  takes a m agnificent polish, w hich it 
retains under all conditions, and on account of its 
extreme hardness, its surface is not readily scratched. 
When 25 per cent, m olybdenum  is added to  a 15 per 
cent, chromium alloy, a fine-grained m etal results, 
which scratches glass rather readily, and takes a strong, 
keen edge. Its  color and luster are m agnificent, and 
it will doubtless find a wide application  for fine, hard 
cutlery. It cannot be forged, but casts readily, and 
its melting point is not abnorm ally high.

If carbon, boron, or-silicon be added to any of the 
above alloys, th ey  are rendered m uch harder, though 
their effect is not a lw ays desirable, since th ey  tend to 
render the alloys more brittle.

If either tungsten or m olybdenum  is added to a 
cobalt-chromium alloy  containing 25 per cent, of the 
latter metal, the hardness of th e alloy is rapid ly  in­
creased. W hen the percentage of tungsten, for ex­
ample, reaches 5 per cent., the alloy can be readily 
forged, and forms an excellent com bination for w ood­
cutting tools, such as chisels, pocket knives, etc. 
When molybdenum is added to  the sam e m ixture of 
chromium and cobalt, m uch the sam e effect is pro­
duced, though, generally speaking, a sm aller q u an tity  
of molybdenum is required to produce a g iven  increase 
ln hardness. In some instances I have found it ad­
visable to add both m olybdenum  and tungsten to  the 
cobalt-chromium alloys. G enerally, the color and

luster of these alloys, after polishing, are m agnificent, 
and th ey  seem to resist atm ospheric influences equally 
as well as the binary alloy of cobalt and chromium. 

K o k o m o , I n d i a n a

T H E  R E LA T IO N  O F T H E  PR O D U CT IO N  O F A LU M IN A  TO 
T H E  F IX A T IO N  O F NITROGEN*

B y  S a m u e l  A .  T u c k e r

The connection of nitrogen fixation and the pro­
duction of alum ina is to be found in the Serpek process 
and probably in this process only. The Serpek 
process is prim arily one for the fixation of nitrogen, 
b u t necessarily involves the production of alum ina as 
a by-product and this by-product is all im portant to 
the success of the process com m ercially.

B riefly the Serpek process takes alum ina and carbon 
in the proportions to form alum inium  nitride in a 
strongly heated atm osphere of nitrogen, or A LO , +  
3C + N 2 — >■ 2AIN + 3CO.

The range of tem perature necessary for this reaction 
is from i 600°-2000° C. according to Serpek. The 
product obtained contains about 30 per cent, nitrogen 
in the form of alum inum  nitride, and is thus con­
siderably richer in fixed nitrogen than calcium  cyan- 
am id which rarely runs over 20 per cent.

This reaction appeared so im portant to me th at I 
thought it was worth w hile to investigate it and in 
conjunction w ith  Mr. H. L. Read, the process was 
tried on a small scale. The results of this w ork have 
been read a t the recent Congress of A pplied  C hem istry,2 
and it will be unnecessary to repeat them  here, e x ­
cepting th at we found th at the reaction worked satis­
factorily  on a small scale, the product contained 30 
per cent, of nitrogen, and th at bau xite was the best 
m aterial w ith which to  supply the alum inium . The 
tem perature is im portant; below  1600° C. p ractically  
no nitrogen is fixed; above 20000 C. decom position is 
likely  to occur. I would like to know  more as to the 
influence of tem perature, and I had expected to con­
duct some experim ents on this point so th a t I m ight 
give you this inform ation now, b u t an accident to 
the electric furnace prevented it.

The com mercial product m ust be nearly pure alum in­
ium nitride, and a t first sight seems to consist of tw o 
forms, the blue and the yellow . Professor Luquer has 
exam ined these specimens m icroscopically, and while 
his exam ination has not y e t  been com pleted he tells 
me th at the internal structure is the sam e: both are 
strong double refracting and show uni-axial structure. 
W ith  our present inform ation, it would be difficult 
to figure the cost of production of this m aterial, and 
even the power necessary for its m anufacture is 
probably not generally known.

The question of the necessary tim e to convert the 
charge is im portant and in our experim ents we found 
th at it had a great influence on the nitrogen content 
of the product. It  therefore seems necessary th at

1 P resen ted  a t  th e  J o in t m eeting  of A m erican  E lectrochem ical Society . 
S ociety  of Chem ical In d u s try  and A m erican Chem ical Society, Chemists* 
Club, New Y ork  C ity, F eb ru a ry  7, 1913.

2 See also M et. Chevi. Eng., 9, 745.
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the m ixture should be heated to a high tem perature 
for a considerable time.

This is different from the Frank process for cyan- 
amid, in that the tem perature for the actual nitrogen 
fixation is relatively low. Granting th at the process 
can be worked out on a satisfactory cost basis, we see 
th at the production of alumina is an all-im portant 
consideration. B y  proper treatm ent of the Serpek 
product there seems to be no difficulty in obtaining 
the nitrogen as ammonia and the aluminum as alumina, 
and the latter should be practically pure A 1,0 3.

It m ight be supposed that the alumina so produced 
could be used over again in the process, but aside from 
its value in connection with the aluminum industry, 
pure alumina is not advantageous as a raw material, 
as it requires a higher tem perature than bauxite. 
T h e process is therefore necessarily associated w ith the 
production of aluminium. If we might suppose that 
the Serpek process were to be conducted on the same 
scale as the Frank process for cyanam id manufacture, 
it is evident th at it would involve the production of a 
large amount of alumina. From figures recently 
published regarding the Frank process, we find that 
the capacity  output of all the plants covering various 
parts of the world for 1912 is roughly 200,000 tons. 
If we figure this as containing r8 per cent, nitrogen, 
it involves the fixation of 36,000 tons of nitrogen. 
W ith the Serpek product at 30 per cent, nitrogen 
content, it would require the production of 120,000 
tons to equal this, and after decomposing to obtain 
the ammonia as follows,

2AIN +  3H , 0  = 2NH3 + A 1,0 3

we obtain 149,200 tons of alumina. This quantity 
of alumina should give 79,104 tons of m etallic alum i­
num.

In the year 1911 we find th at the capacity  of all the 
plants producing aluminium was 62,100 tons, but that 
the estim ated production actually was about 45,000 
tons. W e thus have raw  m aterial for the production 
of 34,000 tons of alumina in excess of present require­
ments. Of course the process will not be conducted 
on such a scale for some time to come, and b y  th at 
tim e there m ight well be a m arket for the alumina. 
There appears to be no danger from the lack of bauxite 
as I find th at in this country 155,618 tons were pro­
duced in 1911, and 196,000 tons in France for the year 
1910.

As the Serpek process would necessarily come into 
com petition w ith the other means of fixing nitrogen, 
and particularly w ith the cyanam id process, it might 
be well to consider for a moment a few points in con­
nection w ith the latter.

Briefly the Frank-Caro process for making cyanam id 
is to subject finely ground calcium carbide to the ac­
tion of pure nitrogen a t a tem perature of from 1000- 
1200 0 C. The energy necessary at this absorption stage 
is probably very  small, as heat is evolved bv the reac­
tion

CaC, + N j — > CaCN, 4- C 

and the expenditure of energy is chiefly in the m anu­
facture of the calcium carbide. Various conditions

have to be observed in this absorption p art of the pro­
cess. The nitrogen m ust be p ractica lly  free of oxygen 
and the tem perature m ust not rise to the dissociation 
point of the cyanam id which is p robably about. 1370° 
C. The product so obtained contains anywhere from 
15 to 22 per cent, of nitrogen. The nitrogen is ob­
tained by passing air over copper to take up the oxy­
gen, or by fractionally d istilling liquid air. Both 
system s seem ■ to be in use, but w ith  the latter some 
treatm ent of the resulting nitrogen w ith copper would 
probably have to be em ployed as nitrogen obtained 
from liquid air contains upwards of 8 per cent, oxygen.

The process seems fa irly  com plicated, b u t possesses 
the advantage over the high tension arc systems of 
fixation in that a better return of nitrogen is obtained 
for the power used. In the F ran k process.the chief 
expenditure for power is in the form ation of calcium 
carbide. The average of several plants making 
carbide is 5.2 kg. of 80 per cent, carbide per kw. day 
of 24 hours. This gives 4.16 kg. of pure calcium car­
bide which corresponds to 173 gram s per k\v. hour. 
Now if this is converted to cyanam id having a 20 per 
cent, nitrogen content, we g et 43.2 gram s nitrogen per 
kw. hour.

The Birkeland-Eyde process obtains about 57.1 
grams nitric acid per kw . hour and the nitrogen con­
tent is 12.7 grams. W e thus have about three and 
one-half times the nitrogen fixed b y  the Frank process 
as cyanam id as we do for the B irkelan d-E yde process 
as nitric acid, and this is probably the reason for its 
being established on such a large scale.

As to the relative value of the fixed nitrogen fertil­
izers, we have no very precise inform ation. Taking 
the various products adapted to this purpose in the 
different processes, we g et calcium  nitrate by the 
Birkeland-Eyde, calcium  cyanam id b y  the Frank, 
and lastly  ammonia b y  the Serpek process. These 
m ust all be compared w ith Chili sodium  nitrate, and 
the general opinion seems to be th at the latter is the 
most valuable.

Field experiments have been conducted w ith cyan­
amid and calcium nitrate, but precise information is 
lacking. It  would seem, however, from  w hat has so 
far been done, th at we should p u t them  in the following 
order:

(1) Chili saltpeter, (2) calcium  nitrate, (3) cyanamid,
(4) ammonia. The action of cyanam id is quite differ­
ent from the others; it supplies a large am ount of cal­
cium which m ay o r  m ay not be an advantage. Its 
slow solubility is, however, advantageous. A m m on ia  

in the form of sulfate is p retty  well understood in its 
relation to fertilization and for th at reason the Serpek 
product should have a ready m arket in th is connection.

E l e c t r o c h e m i c a l  L a b o r a t o r y  
C o l u m b i a  U n i v e r s i t y  

N e w  Y o r k

ON TH E RE LA TIO N SH IP B E T W E E N  T H E  W E IG H T  OF THE 
SU G A R B E E T  AND T H E  COM POSITION O F  ITS JUICE

B y  J .  A r t h u r  H a r r i s  a n d  R o s s  A i k e n  G o r t n e r  

Received O c tober 14, 1912

In the voluminous literature of sugar beet chemistry 
published from the Federal and S tate agricultural
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institutions, the w eight of the beet, the per cent, of 
total solids and of sucrose in the juice, and the coeffi­
cient of purity, i. <?., the ratio of sucrose to 100 parts 
of total solids, are usually given.

Much of this w ork has been done for the purpose 
of ascertaining where sugar beets can be profitably 
grown. Roots below a certain standard of sucrose 
content and p urity  are, from well know n factory  
requirements, unw orkable. R ecords for size of beets 
have apparently been added because yield  is as­
sumed to be, in some degree, dependent upon size, 
and because size has been suspected to have some 
relation to com position.1

This latter point has, however, been b u t little  in­
vestigated, and we believe only b y  inadequate m ethods. 
It has seemed to us of im portance to measure the 
intensity of this relationship on the — x to + 1 scale 
of the coefficient of correlation; also to w rite the re­
gression equations showing the absolute change in 
solids, sugar, or purity, associated w ith  a unit change 
in weight (in gram s or ounces) of the beet. The 
importance of doing this seems to lie in three considera­
tions:

(a) The working out of such inter-dependences is 
from the standpoint of physiology and phytochem istry, 
a problem of considerable interest.

(b) If the com position of the beet depends a t all 
closely upon its size, the analysis of sm all samples 
sent in to governm ent departm ents are p ractically  
worthless as indicating the p racticab ility  of localities 
for sugar beet growing. E ven  if the sam ples are not 
consciously selected for size, the errors of random  
sampling are such as to  render p ractica lly  valueless 
any conclusions drawn upon analyses w hich are not 
corrected for the size factor.

(c) Finally, if com position be closely correlated 
with size, it m ay be possible to m odify the rate of 
seeding, methods of fertilization, or cultivation, in 
such a way as to secure the sugar yield  w hich is m ost 
profitable in relation to the cost of grow ing and hand­
ling.

Suitable published d ata  seem all b u t w anting. 
In many series the w eights g iven are averages, w ithout 
specification as to the num ber of beets included. 
Analyses have been m ade b y  the thousands, and in 
some cases upon uniform  m aterial drawn from the 
same cultural conditions, b u t we have not been able 
to obtain such records, either published or in manu-

1 Wc have exam ined fifty -e igh t p ap ers  o n  th e  su g ar b eet, com prising  
bulletins from the  B ureau  of C hem istry , U . S. D ep t, of A gr. and  from  
twenty-two s ta te  experim ent s ta tio n s . In  on ly  five of th ese  is th e  possible 
relationship between th e  w eight of th e  b e e t and  th e  sucrose c o n te n t and  
purity coefficient considered. Tw o. B ull. 197, M ich. A gr. E xp . S ta . and  
ft»//. 68, Purdue Univ. E xp . S ta ., give experim en ts  w hich in d ica te  th a t  
the smaller the w eight of th e  beet, th e  h igher is th e  su g ar co n te n t and  
coefficient of pu rity . Of th e  o th e r  th ree . Bulls. 58 and  63 of th e  Colorado 
Exp. Sta., s tate  th a t  " a s  a  rule m edium -sized  beets  (1-2  pounds) a re  richer 
than either large o r sm all b ee ts ,”  and  B ull. 155, N . Y . A gr. E xp . S ta . (G e­
neva) contains th e  s ta te m e n t th a t  "be tw een  these  lim its  (5-27 oz.) th e  
increase in size did n o t ap p aren tly  exercise an y  m ark ed  o r defin ite influence 
upon either the  percentage o r th e  p u rity  of su g ar ."  D oubtless  o th e r  
suggestions m ight be found, especially  in foreign p u b lica tio n s. I t  is p e r­
haps generally ad m itted  th a t  excessively large b eets  (4 p ounds and  over) 
are as a rtde low in sugar and  h ave  a  low coefficient o f p u rity , b u t ,  as  fa r  as 
we know, there has been  no  th o ro u g h  investigation  of th e  general problem

weight and com position.

script.1 Hence, these notes serve m erely to indicate 
the im portance of the problem  and the usefulness of 
the m ethod of attack.

Table I gives the d ata  sligh tly  condensed from  
W iley and M axw ell2 for sixty-one W ashington K lein  
W anzlebener beets. Tables I I - V  give m ean com posi­
tions for various w eights in ounces^ for four varieties 
from  N evada data.* The calculations have also been 
m ade from the total N evada m aterial.

The correlation coefficients5 and the regression 
straight line equations are as follows, where w =  
w eight,6 t =  tota l solids, s = sucrose, p =  p u rity:

K l e i n  W a n z l e b e n e r , W a s h i n g t o n  D a t a ”— T a b l e  I  

Twt =  — 0.283  ±  0 .079 , t =  15.459 —  0 .0 1 2  w  
r ws  -  — 0 .2 2 4  ±  0 .0S2 , j  =  10.903 —  0.011  ™ 
r wp  =  — 0.111 ±  0 .085 , 1> — 70 .176  —  0 .0 1 8  w

I m p r o v e d  K l e i n  W a n z l e b e n e r ,  N e v a d a  D a t a ”— T a b l e  I I  

r w t. =  — 0 . 5 3 8  ±  0 . 0 6 0 ,  /  =  1 8 . 8 6 4  —  0 . 0 6 8  w  

Y w s  =  — 0 . 7 5 6  ±  0 . 0 3 6 ,  j  =  1 7 . 1 9 7  —  0 . 1 2 1  w  

r u ,p  =  — 0 . 4 9 9  ±  0 . 0 6 3 ,  p  =  8 9 . 9 9 6  —  0 . 3 0 0  w

V e s b e s s e r t e n  K l e i n  W a n z l e b e n e r , N e v a d a  D a t a — T a b l e  I I I
r u ,/ =  — 0 .6 1 9  ±  0 .043 , / =  20 .040  —  0 .092  w
r ws =  — 0.641  ±  0 .041 , s  =  1 6 .8 1 9 — 0 .1 0 6 w
Y w p  =* — 0 .5 8 7  ±  0 .046 , p  =  8 5 .956  —  0 .2 7 6  w

V i l m o r i n  A m é l i o r é e ,  N e v a d a  D a t a — T a b l e  I V  

r w i =  — 0.294  ±  0 .086 . / =  19 .266 —  0 .0 9 0  w  
rw s  =  — 0.5S 0  ±  0 .063 , s  =  18.054 —  0 .2 2 3 w  
rw p  =  — 0.6 2 3  ±  0 .058 , p  — 9 5 .038  —  0 .905  w

D e s p a r e z ,  N e v a d a  D a t a — T a b l e  V  

r w i  =  — 0 . 5 1 2  ±  0 . 0 5 8 ,  /  =  2 1 . 1 8 5  —  0 . 1 3 0  w  

rws = — 0 . 4 7 2  ±  0 . 0 6 1 ,  j  »  1 8 . 6 9 1  —  0 .  1 31  w 
r u .p  «  — 0 . 1 7 3  ±  0 . 0 7 6 ,  p  =  8 7 . 8 6 0  —  0 . 0 8 9  « /

A l l  V a r i e t i e s ,  N e v a d a  D a t a ,  4 7 5  B e e t s  

r u l  =  — 0 . 4 9 7  ±  0 . 0 2 3 ,  t  =  2 0 . 1 1 9  —  0 . 0 9 6  w  

rws = — 0 . 5 7 6  ±  0 . 0 2 1 ,  j  =  1 7 . 6 4 4  —  0 . 1 2 2  w 
r u ,p  =  — 0 . 4 7 4  ±  0 . 0 2 4 ,  p  =  8 8 . 5 1 6  —  0 . 2 7 3  w

Considering the shortness of the m aterials upon 
w hich they are based, these results are surprisingly 
consistent throughout. T h ey  show th at com position 
and p u rity  are very  closely correlated w ith  weight, 
and in such a w ay  th at as w eight increases, to ta l 
solids, sucrose and percentage p u rity  fall rapidly. 
The rate of fall on the relative scale of — i to + i is 
shown b y  the coefficient of correlation, r, the rate 
in an absolute scale b y  the second term  of the regression 
equation. W e have prepared graphs of m ost of these

1 W c shall be g ra te fu l for th e  loan  of any  su itab le  series of d a ta  fo r m ore 
refined s ta tis tic a l analyses.

2 H . W . W iley arid W . M axwell, B ull. 39, B u reau  of Chem ., U . S . 
D ep t. Agr.

3 T he w eights a re  grouped in u n its  of 5-oz. range. T he  num bers g iven  
a re  th e  centers, i. e., 3 == 1-5, 8 =  6-10, etc.

4 x .  i?. W ilson, B ull. 32, N ev. A gr. E xp . S ta .
5 T he m ethods of calcu la ting  th e  correla tion  coefficient and  th e  re ­

gression eq uation  can  be found in  various books on  m odern  h igher s ta tis tic s . 
These for th e  first ta b le  have been  worked o u t by  th e  b ru te  force m ethod , 
sum m ations, sum m ations of squares, and  sum m ations of p ro d u c ts  being 
m ade  directly . Those for T ables I I - V  h ave  been  m ade by  th e  m ethod  de ­
scribed by  H arris  (Am er. N at., 44, 693-699 (1910)) before th e  sum s for each  
c lass w eight were d iv ided  o u t to  g e t th e  m eans, w hich show  m o st clearly  
to  th e  eye th e  changes in com position. H ere  again  th e  m eans an d  s tan d a rd  
d ev ia tions  w ere o b ta ined  by  th e  b ru te  force m ethod , th e  analyses being 
k e p t to  one decim al place for solids and  sucrose and  to  whole per cents, fo r

p u rity . , 1-j
G I n  th e  W ash ing ton  d a ta  th e  ra te  of change in  per cen t, to ta l solids, 

per cen t, sucrose, and  per cen t, p u rity , are calcu la ted  on w eigh t u n its  of 
10 gram s each. In  th e  N evada  d a ta  th e  w eight u n its  a re  ounces.

7 hoc. cit.
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equations and while the empirical means are very 
irregular there is no very clear evidence to show that 
regression is other than linear. The diagrams show

WEIGHT

WC IOHT

the lines and empirical ifteans of the (heterogeneous) 
N evada total material. Those means which are based 
upon a fairly satisfactory number of beets are joined 
up.

T a b l e  I — K l e i n  W a n z l e b e n e r
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60 88 20.1 17.8 89 75 86 17.8 12.3 69
65 110 19.7 15.0 78 76 37 18.9 13.3 70
66 67 16.6 11.5 69 77 38 17.5 11.7 67
67 146 18.9 13.6 72 78 74 17.7 12.3 70
68 • 137 15.4 10.7 69 79 52 17.5 13.2 75
69 98 19.2 16.0 83 80 126 16.6 11.4 69
70 137 15.3 10.6 69 81 50 16.5 11.0 67
71 232 13.8 8 .9 65 82 [91 14.4 9 .0 63
72 88 16.4 12.0 73 83 79 16.0 10.0 63
73 136 16.6 12.5 75 84 51 14.5 9 .1 63

T a b l e  I — K l e i n  W a n z l e b e n e r  (Continued)
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85 164 14.8 9 .8 66 13S 109 13.6 9 .4 69
86 120 15.0 10.0 67 139 86 14.0 9 .8 70
97 102 17.0 11.9 70 140 140 13.7 8.5 62
98 88 16.8 11 .8 70 141 54 14.1 8.0 57

107 98 17.9 14.3 80 142 74 15.1 11.0 73
108 88 16.0 11.5 72 143 84 15.0 11.3 75
110 61 17.1 1 1 . 6 68 144 92 16.5 11 .6 70
111 50 15.9 1 1 . 2 70 145 74 16.3 11.5 71
112 48 15.2 9 .7 64 146 55 13.5 9 .6 71
113 33 17.0 1 1 .8 69 147 82 15.2 11.9 78
114 54 17.9 13.2 74 148 109 15.5 10.7 69
116 33 17.7 11.0 62 149 54 16.7 12.4 74
117 38 18.5 13.9 75 150 72 16 .4 11.4 70
118 91 16.9 13.6 81 151 65 15.8 10.6 67
120 . 85 17.7 14.5 82 152 47 17.0 13.4 79
121 72 16.5 1 2 .S 78 153 37 19.3 13.3 69
123 40 16.5 12 .6 76 154 50 18.8 15.4 S2
130 157 16.2 12.0 74 155 58 14.3 10.3 72
131 65 17.5 13.7 78 156 95 17.5 13.1 75
135 45 16.5 14.8 90 157 127 15.7 1 1 .2 71
137 126 15.2 10.0 66

T a b l e  I I — I m p r o v e d  K l e i n * W a n z l e b e n e r

A verage A verage Average
W eight X solids sucrose purity

3 4 17.42 15.40 83.25
S 12 18.78 16.22 86.00

13 9 19.20 17.16 89.67
18 11 17.85 15.35 86.00
23 8 . 15.69 13.19 83.62
28 1 14.30 13.10 92.00
33 4 14.48 11.23 77.75
38 4 13.93 .10.50 75.75
43 2 14.80 12.35 84.00 -
48 1 21 .80 13.30 ~ 61.00
53 3 15.27 10.87- 83.33
58 2 18.05 10.80 66.50
68 2 15.30 8 .95 58.50
78 1 13.00 8 .8 0 68.00
83 1 15.00 11.0 0 73.00

T a b l e I I I — V e r b e s s e t e r K l e i n  W a n z l e b e n e r

A verage A verage Average
W eights N solids sucrose purity

3 3 20.87 18.53 89.33
8 19 19.83 16.43 83.26

13 18 2 1 .1 2 16.73 82.67
18 11 18.41 15.59 83.64
23 5 17.42 . 13.66 78.00
28 12 18.83 12.75 75.83
33 5 11.16 10.22 73.40
38 9 14.31 10.56 74.67
43 2 13.15 8 .05 60.00
58 I 15.20 12.50 82.00
63 1 15.40 13.60 88.00
83 2 10.80 8 .25 76.00

103 2 1 1 .1 0 7.95 73.50
108 2 11.00 6 .15 53.50
118 1 18.60 6 .3 0 34.00
163 1 7 .9 0 2 .1 0 29.00

T a b l e  I V — V i l m o r i n  A m é l i o r é e

A verage A verage Average
W eight N solids sucrose purity

3 2 19.60 17.00 86.50
8 3 17.60 12.56 90.00

13 6 19.57 17.13 87.16
18 13 17.70 13.97 79.08
23 11 16.65 11.60 70.25
28 8 16.06 11.38 70.37
33 6 17.73 1 2 .1 1 68.50
43 I 14.40 8.00 54.00
53 1 15.60 7 .0 0 45.00
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T a b l e  V — D e s p a r e z

A verage A verage A verage
W eight N solids sucrose p u rity

3 4 18.80 16.55 88.00
8 19 20 .79 18.16 86 .38

13 21 19.92 17.36 87 .1 0
18 8 19.31 17.20 88.75
23 6 15.78 13.15 83 .33
28 7 11.67 14.14 84 .86
33 2 14.55 12.45 85 .50
38 1 16.20 13.40 83 .00
43 3 16.67 14.13 84 .67
48 2 16.80 14.55 8 6 .5 0
58 1 15.20 11.80 78 .00

Owing to the com paratively  recent appearance of 
our first paper on this subject, no reference w ill be m ade 
a t present to the m ethods in w hich no change has been 
made.

TAR

B . Specific Gravity.— The special H ubbard type 
specific g ra v ity  bottle, referred to in the previous paper, 
was not illustrated. I t  is now shown on the accom ­
panying drawing No. 2.

C. Free Carbon.— In place of the K norr extraction

We believe th at these results show w ith sufficient 
force the necessity of fu lly  takin g into account the 
weight of the individual beets in all studies on com ­
position.

C a r n e g i e  I n s t i t u t i o n  o f  W a s h i n g t o n

METHODS FO R  TESTIN G  CO A L T A R , AND R E F IN E D  T A R S, 
OILS AN D  P IT C H E S

B y  S. R . C h u r c h  

R eceived N ovem ber 20, 1912

Under this title, the w riter has g iv e n 1 a description 
of the m ethods used in our laboratories for testing 
the raw m aterials and products of tar distillation. 
It was intim ated th at certain of these tests would 
undoubtedly be revised from tim e to time, in response 
to suggestions from our own chem ists as well as from 
others engaged in the exam ination of these m aterials.

It is our present purpose to describe the tests th at 
have been revised since th at paper appeared. It 
may be well also to call to the atten tion  of those inter­
ested in testing tars, oils and pitches, a paper b y

S P E C / f / C  O R A  V / T Y  
B O T T L E

A / / ?  B A T H  F O R  
M E L T / / V C  P O / A / T  T E S T .

Arthur R, W arnes and W . B. Southerton, before the 
Midland Junior Gas A ssociation ,3 entitled  “ In vestiga­
tions on Coal T ar and Some of Its  P rod ucts,”  and to 

Methods for the E xam ination  of B itum inous R oad 
Materials,”  b y  P révost H ubbard and Charles S. R ee ve .3

1 T his J o u r n a l ,  3, 227.
2 Jour. Gas L ighting, e tc ., Feb . 27, 1912.
3 Bull. 38, Office of P ub lic  R oads, U . S. D e p a r tm e n t o f A gricu ltu re, 
27, 1911.

E X T R A C T O R  F O R  
F R E E  C A R B O N

apparatus, we have adopted the extractor illustrated 
in the accom panying drawing No. 2. This apparatus 
the w riter first saw in use in the U nderw riters’ L abora­
tories, Chicago, and it has already been described.1 
In it we use the .same filter papers as described in our 
former article. The filter cup is suspended from  tw o 
hooks, soldered on to the upper side of the flask cover.

The advantages of this extractor over the K norr 
or Soxhlet apparatus in m aking this determ ination 
are convenience, com pactness, rapid ity  of operation.

E . Viscosity.— The tim e of flow of 100 cc. a t 600 C. 
(140° F.) is taken, instead of 200 cc. as before. The 
qu an tity  of m aterial placed in the viscosim eter is the 
same, th at is, sufficient to cover the fixed measuring 
points.

P IT C H

C. Melting Point.— (3) For pitches from 77 0 C. 
(170° F.) upwards, an air bath, as shown in the 
accom panying drawing No. 3, is substituted for the 
bath  of cottonseed oil form erly used. W ith  this oven, 
shorter hooks are used, so th at the pitch cube is sus­
pended on a line running approxim ately through the 
center of the observation windows, the therm om eter 
bulb being a t the same level. The tem perature of 
the oven is raised' 5 0 C. (9 0 F.) each minute, as usual, 
and the tem perature recorded b y  the therm om eter 
a t the instant the pitch drops to the bottom  of the 
oven, is considered the m elting point. To m ake

1 H . J . C ary-C urr, T h is  J o u r n a l .  4 , No. 7.
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results b y  this method comparable w ith results ob­
tained in w ater or oil, 6.5° C. (12 0 F.) should be added 
to the observed melting point.

E . Evaporation Test.— Reference was made to the 
use of a circular oven (of the type E. and A., 2073 D) 
having double walls, circulating fan and self-contained 
burner. Results obtained w ith this oven have not 
been entirely satisfactory, and an ordinary drying 
oven, lagged with asbestos, as before described, is still 
used for this determination.

C R E O S O T E  O IL  S P E C IA L  T E ST S

C. Sulfonation T est— The. method before described, 
which was a modification of Dean and B atem an’s 
m ethod,1 has been discarded in favor of a modification 
described by Batem an3 as follows:

Apparatus.— B abcock’s Official Milk Tester, with 
four bottles.

Description.— Ten cc. of the fraction of creosote to be 
tested are measured into a Babcock milk bottle. To 
this is added 40 cc. of 37 times normal acid, 10 cc. a t a 
time. The bottle with its contents is shaken for two 
m inutes after each addition of 10 cc. of acid. A fter all 
the acid has been added, the bottle is kept at a con­
stant tem perature of 98 ° - 100° C. for one hour, during 
which tim e it is shaken vigorously every ten minutes. 
A t the end of an hour the bottle is removed, cooled, 
and filled to the top of the graduation w ith ordinary 
sulfuric acid, and then whirled for five minutes in a 
B abcock separator. The unsulfonated residue is 
then read off from the graduations. The reading 
m ultiplied b y  two, gives per cent, by volume directly. 
(Each graduation equals one two-hundredths of a cc.)

It  is im portant that the acid be of the proper 
strength. Fum ing sulfuric acid is too strong, and 
ordinary concentrated acid too weak, a m ixture of the 
two being required to obtain the necessary 80.07 per 
cent. SOs, which constitutes 37 times normal.

A  steam bath or steam -jacketed oven should be used 
for m aintaining the bottle a t a tem perature of 98 ° -  
100° C.

R e s e a r c h  D e p a r t m e n t  

B a r r e t t  M a n u f a c t u r i n g  C o .

N e w  Y o r k  C i t y

T H E  COM POSITION OF SALIN ES IN S IL V E R  P E A K  M ARSH, 
N E V A D A 3

B y R . B. D o l e , w ith  analyses by  W alton  Van  W in k l e  and  A. R. Merz 
R eceived N ovem ber 12, 1912 

D E S C R IP T IO N

Silver P eak Marsh, comprising the lo.west part of 
C layton V alley, lies in Esm eralda County, N ev., about 
20 miles west of Goldfield and 25 miles southwest of 
Tonopah. It  is about 10 miles long northeast and 
southwest and about 4 miles wide, its area being about 
32 square miles. It is most readily reached b y  means 
of the Silver P eak Railroad, which connects w ith the 
Tonopah and Goldfield Railroad at B lair Junction 
and runs south to Blair, a small mining tow n near 
the western edge of the marsh. The marsh is a salt 
p laya entirely devoid of vegetation and covered for 
the most part w ith a white crust of sodium chloride.

1 U . S. D ep t. Agric., Forest Service Circular 112.
2 U . S. D ep t. Agric., Forest Service Circular 191.
3 Published by  perm ission of th e  D irector, U. S. Geological Survey.

Tracts 3 or 4 acres in extent rising gen tly  r to 3 feet 
above the general level appear as rough brown sun­
baked patches w ithout a covering of salt. The most 
noticeable topographic features are G oat and Alcatraz 
“ islands,” two groups of steep lim estone hills near 
the southwest end of the playa. The surface of this 
alkali flat is usually dry, though it is sometimes cov­
ered b y  a foot or more of w ater after excessively heavy 
rainfall. The ground-w ater plane is, however, always 
high, and holes a few feet deep anyw here on the flat 
enter mud, m any parts of the marsh being too soft 
to bear the weight of a horse. The present drainage 
basin of the valley has an area of 570 square miles.

E X P L O R A T IO N

In the spring of 1912 fourteen borings 8 to 55 feet 
deep were put down in different parts of the flat by 
the author for the purpose of exploring the surficial 
deposits. The upper layer, 5 to 10 feet thick, consists 
of brown mud containing a great q u an tity  of finely 
crystallized salt. The strong brines in it circulate 
very slowly as the mud contains a large proportion of 
clay. The mud along the west shore bears nodules
T o t a l  S a l t s  a n d  P o t a s s i u m  i n  B r i n e s  f r o m  S i l v e r  P e a k  M a r s h , N e v ., 

J u n e , 1 9 1 2
E xam inations by  A. R . Merz. Q u an titie s  in g ram s p e r 1 0 0  cc. unless 
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3 ................................................... 15.5 33 .28 0.91 1.74 1.10 3.30
6 .............................. 21 33 .13 0.77 1.47 0 .9 3  2.80
6 ................................................... 40 33.75 0.75 1.43 0 .9 0  2.67

1 1 ............................. 27 32.25 0 .7 4 1.41 0 .8 9  2.76
1 1 ................................................... 35 32.05 0 .5 5 1.05 0 .6 6  2.07
1 2 ................................................... 10 26 .56 0 .61 1 .16 0 .7 4  2.78
1 2 ................................................... 20 3 2 .9 0 0 .5 9 1 . 1 2 0.71  2.15
1 2 ................................................... 27 32.97 0 .6 4 1.2 2 0 .7 7  2.34
13................................................... 16 4 .1 5 0 .1 2 0 .2 3 0 .1 4  3.36
13................................................... 31 .5 4 .61 0 .1 3 0 .2 1 0 .1 6  3.43
13................................................... 40 3 .3 8 0 . 1 1 0 .2 1 0 .1 3  3.80
14................................................... 11 26 .82 0.6 6 1.26 0 .8 0  3.00
14................................................... 17 26.21 0 .6 6 1 .26 0 .7 9  3.01

A verage, exclusive of
sam ples from boring No.
13.......................................... 30 .99 0 .6 9 1.31 0 .8 3  2.69

of calcareous tufa, which apparently have been formed 
b y  deposition of calcium  carbonate from  the hard 
waters entering from Mineral R idge. W hite tufaceous 
materials, but no definite beds of salt, underlie the 
muds in the same locality to a depth of a t least 41 feet. 
Throughout the rest of the p laya  east of the “ islands” 
the muds are underlaid b y  salt clays intermingled with 
well-defined beds of clay containing crystals of gyp­
sum and beds of crystallized salt containing saturated 
brine.

C O M M E R C IA L  P O S S IB IL IT IE S  

The records indicate th at the northeastern two- 
thirds of the p laya is underlain at a depth of about 20 
feet b y  beds 5 to 15 feet th ick of crystallized salt 
mixed w ith some clay. Besides these beds practically 
all other strata to a depth of 50 feet contain appreciable 
proportions of salt th at readily dissolves in the waters 
percolating through them.
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P a r t i a l  A n a l y s e s  o f  B r i n e s , S i l v e r  P e a k  .M a r s h , N e v .
E x a m in a tio n s  by  W alto n  V an W inkle. M illigram s p e r  k ilogram  excep t w here o therw ise designa ted
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Boring No. 1..................................................................... 1 6 
( 27

1
4

1.0281 
1.0406

39 ,330
57 ,600

38 ,620
56 ,240

0
Trace

532
327

570
582

Boring No. 3 ..................................................................... 4 1 .2103 276,800 271,600 0 38 2,475 0

Boring No. 6 ..................................................................... ( 2 !
( 40

7
10

1.2081 
1.2082

273.000
274.000

270.000
270.000

0
0

28
36

2,675 
2,395

0
0

Boring No. 1 1 .................................................................. (2 7
( 35

13
14

1.2105 
1.2089

274.000
272.000

271,700
270,000

0
0

74
122

4,955
4 ,6 0 0

0
0

f  10 15 1.1702 226,700 224,100 0 51 4 ,640
Boring No. 12.................................................................. 17 1.2097 274,500 270,900 0 45 4 ,0 3 0

I  27 17 1.2098 274,700 271,300 0 50 3 ,900

f  16 20 1.0284 39,950 38 ,860 0 803 476
Boring No. 13................................................................... 21 1.0321 44,900 44 ,300 0 S40 491

(  40 22 1.0297 41 ,510 40 ,900 0 792 • 477

Boring No. 14 .................................................................. i  11 24 1.1747 233,200 228,800 0 39 2,250
( 17 24 1.1697 227,900 223,500 0 33 2 ,090

Hot spring a t  ba thhouse , S ilver P e a k ................... 8 1.0217 30 ,670 29 ,960 0 533 T race  (?)
Cold spring a t  ba thhouse , S ilver P e a k .................. 8 1.0226 31 ,980 31 ,530 Tracc 530 T race
Cold spring a t  n o rth e a s t end of m a rs h .................. 14 1.0124 16,830 16,620 0 274 0
Hot spring a t  n o rth e a st end  o f m a rs h ................... 14 1.0177 24,430 24 ,180 T  race 515
Spring a t pum ping s ta tio n , S ilver P e a k ................ 28 1,920 1,500 0 144
30-foot well a t  pow er house, S ilver P e a k ............. 28 1,520 1,220 0 132

A nalyses  o f  W ater  from  S ilv e r  P eak  Marsh , N e v .
W alto n  V an W inkle, an a ly st 

C om position in m illigram s per kilogram  

No. 1 2 3 4 5 6 7 8 9 10 I I  12
Specific gravity  a t  20° C ......................... 1.2089 1.2019 1.0300 1.1722 1.0217 1.0226  1.0124 1.0177 1.0406 1.0281
Silica (SiOj).................................................. 0 20 SO 0 80 20 30 40 43 40
Iron iI'c'i....................................................... T race  T race  T race  Trace T race  T race  Trace T race  T race  T race  T racc  Trace
Aluminum (Al)............................................ T race T race T race  T race  T race  T race  T racc  T race  T race  T race  T race T race ’
Calcium (Ca)................................................ 1 ,800 940 790 2 ,8 0 0  580 420 130 220 470 490 170 150
Magnesium (Mg)........................................  650 290 1,030 100 70 70 20 40 270 190 58 56
Sodium (N a)................................................ 97 ,180  95 ,190  13 ,620 77 ,480  9 ,6 5 0  10,110 5 ,7 7 0  8 ,3 7 0  19,210 13,030 352 195
Potassium (K ) ............................................  7 ,2 9 0  5 ,8 9 0  1,290 6 ,5 9 0  930 930 500 800 2 ,060  1 ,18 0  21 15
Carbonate radicle (C 03) ..........................  0 0 T race  0 0 Trace 0 T race  T race  0 0 0
Bicarbonate radicle (IICO 3) ................... 40 70 700 40 533 530 270 520 330 530 144 132
Sulfate radicle (SO*)................................. 2 ,3 6 0  4 ,4 2 0  540 2 ,2 1 0  410 480 580 690 610 610 95 160
Chlorine (Cl)................................................  159,730 153,710 2 3 ,760  134,400 17,130 18,010  9 ,3 3 0  13,650 33 ,050  2 2 ,1 1 0  858(a) 548(6)
Total residue dried a t  180° C ...............  278 ,760  264 ,030  42 ,8 2 0  233 ,440  30 ,670  3 1 ,980  16,830 24 ,430  57 ,600  39 ,330  1,868 1,379
Total residue a fte r ig n itio n .................... 270 ,990  262 ,670  41 ,6 1 0  228 ,440  29 ,960  31 ,530  16,620 24 ,180  56 ,240  38 ,620  1,672 1,209
Anhydrous residue (c )............................... 269 ,110  260 ,570  4 1 ,440  223 ,660  29 ,120  30 ,310  16,500 24 ,070  55 ,890  37 ,920  1,630 1,195

P ercen tage  com position  o f anhydrous  residues
Silica (Si02) .................................................. 0 .0 0  0 .01  0 .1 2  0 .0 0  0 .2 8  0 .07  0 .1 8  0 .1 7  0 .0 7  0 .1 1
Calcium (Ca)................................................ 0 .6 7  0 .3 6  1.92 1.25 1.99 1.38 0 .7 9  0 .91  0 .8 4  1 .29  10.43 12.56
Magnesium (M g)........................................  0 .2 4  0 .1 1  2 .4 9  0 .0 4  0 .2 4  0 .2 3  0 .1 2  0 .17  0 .4 8  0 .5 0  3 .5 5  4 .7 0
Sodium (N a ) . . ............................................  36 .11  3 6 .5 3  3 2 .8 6  3 4 .6 4  3 3 .1 4  33 .35  34 .97  34 .77  34 .37  34 .3 6  21 .58  16.32
Potassium (K )............................................  2 .71  2 . 2 6 • 3 . 1 2  2 .9 5  3 .1 9  3 .07  3 .0 3  3 .3 3  3 . 6 9  3 .11  1.2 8  1 .2 6
Carbonate radicle (CO3) ..........................  0 .0 1  0.01  0.83  0.0 1  0 .9 0  0.8 6  0 .8 1  1.05 0 .2 9  0.69  4 .3 5  5 .4 4
Sulfate radicle (SO*).................................  0 .8 8  1 .70  1.30 0 .9 9  1.41 1.58 3 .5 2  2 .8 7  1.09 1.61 5 .8 3  13.40
Chlorine (Cl)................................................  59 .35  5 8 .9 9  5 7 .3 3  6 0 .0 9  58 .82  59 .43  56.55 5 6 .7 0  5 9 .1 4  5 8 .3 0  52 .62  (a) 45 .8 7 (6 )

(a) N itrate radicle 5.6 m g. p e r k ilogram , o r 0.33 p e r  cen t. (6) N itra te  radicle 5.0 m g. p e r  k ilogram , o r 0.42 p e r  cen t.
(c) Computed on th e  assum ption  th a t  iron, alum inum , bora tes, and  o th e r  radicles co n stitu te  0.03 per cen t, of th e  anhydrous  residue.

6 at 21 Comr’° 5‘te  of sam ples from  boring  No. 3 a t  15.5 fee t and  from  No. P r a c t i c a l l y  t h e  e n t i r e  s u r f a c e  o f  t h e  p l a y a ,  3 2  s q u a r e

2 . " o I i t c  of sam ples from  boring  N o. 11 a t  27 an d  35 fee t a n d  from  m i l e S ’ iS  c o v e r e d  w i t h  s a l t  t h a t  a v e r a g e s  i n  d e p t h  a b o u t
* 0.12  a t 10, 20, and  27 feet. o n e - q u a r t e r  o f  a n  i n c h .  T h e  u p p e r  m u d s ,  a v e r a g i n g

3. Composite of sam ples from  b o n n g  No. 13 a t  1 6 ,3 i.5 , and  40 feet. p r o b a b l y  1 0  f e e t  t h i c k ,  c o n t a i n  n o t  l e s s  t h a n  2 p e r  c e n t .
Composite of sam ples from  boring  No. 14 a t  11 ancl 17 feet. r , ,  r .  •  ̂ 1  ̂1 , 1

5. W ater from  h o t  s a lt  sp ring  u n d er b a th h o u se  n ear S ilver Peak , N ev., ° f  S a l t ‘ X t 1S e s t i m a t e d  t h a t  n o t  leS S  t h a n  1 5  S q u a r e
collected June s. 1912 . m i l e s  o f  t h e  n o r t h e a s t e r n  p a r t  c o n t a i n s  a  i o - f o o t  s a l i n e

coHectcd'juneV™™ !™1'1 ^  s p n n e  a t  ba th h o u se  n c a r  S llver P c a k ’ N ev -  b e d  o f  w h i c h  a t  l e a s t  6 0  p e r  c e n t ,  i s  s a l t .  I t  i s  c a l -

< 7. W ater from cold s a lt sp ring  a t  n o rth e a s t end  of m arsh , collected  C u l a t e d  f r o m  t h e s e  m o d e r a t e  e s t i m a t e s  t h a t  1 ^ , 0 0 0 , 0 0 0
une i 4 , 1912. t o n s  o f  s a l t  l i e  w i t h i n  4 0  f e e t  o f  t h e  s u r f a c e .  T h e

June ¡4, 19ai 2 .r  fr° m  h 0 t Salt SPring a t  n o rth e a s t cnd  of m a rsh ’ co ,lccted  h i g h  r a t e  o f  e v a p o r a t i o n ,  w h i c h  w o u l d  p e r m i t  s o l a r

9. W ater from  boring  No. i  a t  6 feet, co llected  Ju n e  i ,  1912 . c o n c e n t r a t i o n  o f  b r i n e s ,  t h e  a b s e n c e  o f  l o n g - c o n t i n u e d

10. W ater from boring  No. i  a t  27 feet, co llected  Ju n e  4, 1912 . r a i n f a l l  t o  i n t e r f e r e  w i t h  o p e r a t i o n s ,  t h e  n e a r n e s s  o f  a

Ju n e^ s  ^  a te r r̂om  sp r*ns  a t  pum ping  s ta tio n , s i lv e r  P eak , N ev., co llected r a i l r o a d ,  a n d  t h e  h i g h  d e g r e e  o f  p u r i t y  o f  t h e  p r o d u c t

12.’w a te r  from 30-foot well of N evada-C aliforn ia  P ow er Co. a t  S ilver &S i n d i c a t e d  b Y  a n a l y s e s  o f  t h e  b r i n e s  a r e  e x t r e m e l y
aki Nev-  collected Ju n e  29 , 1912 . f a v o r a b l e  f e a t u r e s  i n  c o n s i d e r i n g  t h e  p o s s i b i l i t y  o f
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utilizing these deposits. Salt is now being produced 
on a small scale. Brines from pits in the upper muds 
or from furrows filled w ith rain water that has become 
saturated are concentrated and crystallized b y  solar 
evaporation in shallow vats dug in the playa, and the 
salt thus obtained is bagged for sale.

C O M P O S IT IO N  O F T H E  B R IN E S

Samples of the brines were tested for potash b y  A. R. 
Merz at the Cooperative Laboratory, M ackay School 
of Mines, Reno, Nev. Partial analyses of the brines 
and more nearly complete analyses of composite sam­
ples of the brines also were made b y  W alton Van 
W inkle in the Cooperative Laboratory of the United 
States Geological Survey at W illam ette U niversity, 
Salem, Oregon.

The analyses show' that the brines from the main 
salt body are essentially solutions of sodium chloride 
rem arkably uniform in composition and concentration. 
Analyses Nos. 1, 2, and 4, of waters from borings Nos. 
3, 6, x i, 12, and 14, indicate that the brines contain 
less than 2 per cent, of sulfate and 0.02 per cent, of 
carbonate. Only traces of borate were found. These 
brines on evaporation would yield a mass containing 
about 90 per cent, of sodium chloride and the character 
of the other ingredients makes it certain that a much 
purer product could be obtained by one crystallization. 
The differences in the amounts and proportions of the 
alkaline earths are especially noteworthy, as they 
indicate progressive steps in the concentration and 
deposition of those substances.

The content of potassium is too low to be of com­
mercial importance. The anhydrous residues of thé 
brines represented by analyses Nos. 1, 2, and 4 average 
2.64 per cent, in content of potassium (K ). The 
average potassium content of the same brines according 
to Merz is 2.23 per cent, of the saline residue dried at 
105° C. This apparent discrepancy in estimates is, 
however, caused m ostly b y  difference in unit of ex­
pression, the actual determinations of the radicle 
being equivalent respectively to 0.79 and 0.69 gram  of 
potassium (K ) per 100 cc. of brine.

SU M M A RY

Silver Peak Marsh is a salt playa containing a high 
grade of sodium chloride. No extensive deposits of 
potash-bearing salts were found. To a depth of 50 
feet the form ations are chiefly salt clays and muds 
w ith layers of crystallized ‘salt covered irregularly by 
gypsum -bearing clays. I t  is estim ated that 15,000,000 
tons of salt lie within 40 feet of the surface of the playa.

U n i t e d  S t a t e s  G e o l o g i c a l  S u r v e y  
W a s h i n g t o n , D. C.

COM POSITION OF T H E  W A T E R  OF C R A T E R  L A K E , OREGON1
B y  W a l t o n  V a n  W i n k l e  a n d  N. M . F i n k b i n e r  

Received N ovem ber 14, 1912

Crater Lake, in the heart of the Cascade Mountains 
of Oregon, is one of the most interesting spots in the 
United States, both to scientist and to tourist. Popu­
lar accounts of its beauties have been published in 
m agazines and its chief features of scientific interest

1 Published by  perm ission of th e  D irector. U . S. Geological Survey.

have been adm irably set fo rth .1 B u t though analyses 
of typical rocks are given in D iller and P atton 's paper, 
no analysis of the w ater of the lake has yet appeared 
in print, and the subjoined analysis m ay, therefore, 
be useful to those interested in this rem arkable body 
of water.

The following brief description of the lake, based on 
Diller's report and on personal observations by the 
senior author, m akes the analyses more readily under­
standable. Crater Lake is situated in a geologically 
recent caldera occupying the site of a once lofty 
volcanic peak— Mount M azam a— - in the m idst of the 
Cascade Range, about 55 miles northeast of Medford, 
Oregon. The rim of the caldera is from  7,000 to 8,000 
feet above the sea, and the lake surface w as 6,175 feetr 
above sea level in 1908. The inner slope of the rim bears, 
in some places, a sparse grow th of pine, but in many

A n a l y s e s  o f  W a t e r  o f  C r a t e r  L a k e  a n d  W o o d  a n d  R o g u e  R ivers,
O r e g o n

M illigram s per lite r  P e rcen tage  of anhydrous residue

C rater W ood R ogue C ra te r W ood Rogue
L ak e1 R iver2 R iv e r1 L ake R iv er R iver

T o tal dissolved
solids (heated
to  180° C .).. . .  80 81 71

SiOa...................... . 18 37 26 2 2 .3 6 49 .82 38 .86 SiO?
F e ......................... . 0.02 0.20 0.01 0.02 0 .2 7 0.02 Fc
C a......................... 5 .7 5 .7 8 .8 2 7 .6 8 8.51 Ca
M g........................ . 2.8 2 .0 2 .6 3 .4 8 2 .6 9 3 .89 Mg
N a ......................... . 1 1  ) i 13.67 ) i Na7 .2 7 .2 9 .6 9 10.76 i  rrK............................ . 2 .2  I ( 2 .7 3 ) ( k
C 03....................... . 0.0 0.0 0.0 2 1 . 1 1 18.85 29 .89 C03
HCO3................... . 34 28 40 a a a HCOj
SO*........................ . 11 7 .6 3 .8 13.67 10.23 5 .68 S04
Cl.......................... . 11 0.6 1.5 13.66 0 .6 7 2 .24 Cl
NO3...................... 0 .38 0 .0 6 0 .1 0 0.47 0 .1 0 0.15 X03
P O , ....................... 0.01 b b 0.01 P0,

1 Collected A ugust 27, 1912, by  M. M ecklem  a b o u t 1 mile from shore 
a t  dep th  of 6 f t. A nalysis by  N. M. F inkb iner.

2 Collected A ugust 26, 1912, b y  W alto n  V an  W ink le  a t  bridge ne3r 
F o r t K lam ath , Oregon. A nalysis b y  W alto n  V an  W inkle  and N. M. 
Finkbiner.

3 Com posite of daily  sam ples A ug. 6-15, 1912, inc., collected a t power 
house, near Tolo, Ore. A nalysis by  W alto n  V an W inkle  an d  N. M. Fink­
biner.

a  HCO3 com puted  to  CO3.
b N ot determ ined.

others its walls drop sheer to t h e  w a te r ’s edge, here 

and there fringed b y  steep talus slopes. The surficial 
area of t h e  lake is approxim ately 21 square miles, and 

its drainage basin is only about 6 square miles larger. 

The greatest depth of w ater is 1,996 feet, and a cinder 

cone projects more than 760 feet above the surface 

at th e  western extrem ity of t h e  lake to form  W izard 

Island. Precipitation is more than 70 inches a year, 

occurring chiefly as snow in w inter. E v a p o ra tio n  

is less than 55 inches, and this, w ith loss b y  percolation, 
almost com pletely balances t h e  inflow, there being 

no surface outlet to t h e  lake. Some of t h e  water may 
find its w ay by p e r c o la t io n  into R ogue R i v e r ,  b u t  more 

of it probably goes southeastward appearing as springs 
in th e  drainage basin of K lam ath  Lake.

As loss by percolation is only about one-third of the 
loss b y  evaporation, analyses of the w ater of the lake 
m ay be expected to give chem ical evidence of slow

1 J . S. D iller a n d  H. B. P a tto n , ' ‘T he Geology a n d  P e t r o g r a p h y  of 

C rater Lake N ational P a rk ,’.’ Prof. P aper U. S .  Geol. S u n e y ,  3 
J . S. Diller, “Geological H is to ry  of C ra te r L a k e ,” D e p a r t m e n t  o f  th e  1°' 
teno r, 1912.
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concentration. T h at the analysis really  shows con­
centration alm ost identical w ith  th at of other surface 
waters of the region is explained, however, b y  the fact 
that no sedim entary m aterials are exposed, the ande- 
sites, dacites, and basalts form ing the basin of the lake, 
being nearly insoluble in the cold water, and, therefore, 
incapable of rapidly increasing its content of mineral 
matter. Concentration of chlorides is great as com ­
pared with th at of other m aterials, an indication of the 
concentrated character of the w ater. A s the published 
analyses of rocks indicate th at alm ost no chloride 
exists in these form ations, it is possible th at the high 
percentage of th at radicle in the w ater is due alm ost 
entirely to accum ulated "c y c lic ” chlorine precipitated 
with the rain and snow. The unexpectedly high per­
centage of sulfates is possibly caused b y  solution of 
sulfur that remained in the bottom  of the caldera 
in a more or less oxidized condition a t the cessation 
of active volcanism. No other features of the analysis 
seem unusual, when it is com pared w ith  the accom ­
panying analysis of w aters collected from  W ood and 
Rogue rivers in the same season.

U . S . G e o l o g i c a l  S u r v e y  
S a l e m , O r e g o n

ACTION OF FE R M E N T IN G  M A N U R E  ON R E E N FO R C IN G  
P H O SP H A T E S 1

B y  W .  E . T o t t i n g h a m  a n d  C. H o f f m a n  

R eceived O c tober 21, 1912 

IN T R O D U C T IO N

For many years phosphorus2 has held a position of 
importance in the established practice of applying 
fertilizers to the soil. Indeed, this p articu lar elem ent 
may be the lim iting factor of fertility  in some norm al 
types of soil3 or it m ay becom e such b y  depletion in 
excessively cropped soils.4

The chief raw m aterials supplying phosphorus for 
the fertilizer trade are bones and rock-phosphate. 
In finely divided condition these m aterials are know n 
as bone meal and ground rock-phosphate or floats, 
respectively. T h ey  appear to consist essentially of 
basic phosphates of calcium  and supply phosphorus 
m forms com paratively insoluble in w ater and in w eak 
saline solutions.

The fertilizer industry furnishes more soluble forms 
of phosphorus derived from  the crude phosphates b y  
treating them w ith  strong sulfuric acid. -These prod­
ucts are m onocalcium  phosphate, soluble in wrater, 
and di-calcium phosphate, slow ly acted  upon b y  w ater 
and attacked b y  warm , neutral solution of am m onium  
citrate, which dissolves a considerable p art of the 
phosphorus. Com m ercial acid phosphate is a m ixture 
of these products w ith  calcium  sulfate, also form ed in 
the reaction. The term  “ available phosphoric acid ” 
as used in the fertilizer trade designates the com bined 
amounts of phosphorus (expressed as P ,O s) obtained 
m water extract and citrate extract successively from

1 Published w ith th e  perm ission  of th e  D irec to r of th e  W isconsin E x ­
periment Station.

'  In the  fertilizer in d u s try  an d  in a g ricu ltu ra l p rac tice  phosphorus 
>s commonly dealt w ith  in te rm s of phosphoric acid anhydride , P 2O 5. The 
term ‘phosphoric acid” used  in th is  p a p e r signifies P 2O 5.

3 Hopkins and P e t t i t .  111. E x p t .  S ta ., B u ll. 123, p. 239.
’ Whitson and S to d d a rt , W is. E x p t. S ta ., Research B u ll. 2, p. 45.

the same sample. I t  m ay include other form s than 
the mono- and dicalcium  phosphates.

■ The increased cost of phosphorus in acid-phosphate 
as com pared w ith the crude m aterials has been rather 
generally supposed to be justified b y  superior a va il­
ab ility  to plants, consequent upon its greater solu­
b ility . It is true th at acid-phosphate has generally 
given results in the year of application superior to 
those from  rock-phosphate. Y e t  it is generally  recog­
nized th at the phosphorus supplied in this form is 
rapid ly  fixed in insoluble form  b y  reaction w ith  calcium  
carbonate and other soil m inerals1 or reverted in the 
dilute soil solution to more basic and less soluble 
phosphates of calcium .2 The efficiency of acid  phos­
phate is to be attributed , therefore, probably to the 
facility  w ith  w hich it perm its phosphorus to be dis­
tributed through the soil in finely divided form, rather 
than to a perm anent state of solubility. This im por­
tan t effect of fineness and thorough distribution in 
prom oting availab ility  has been recognized with 
reference to rock-phosphate and experim ent stations 
have advised the farm er to purchase it under guarantee 
of fineness as well as of phosphorus content.

Considerable evidence has accum ulated3 which 
indicates advantage from the use of finely ground rock- 
phosphate d irectly as a fertilizer, especially when it 
is applied in conjunction w ith  a liberal supply of 
organic m atter turned into the soil. Thorne-» and 
others have dem onstrated considerable efficiency of 
rock-phosphate when applied to the soil as a m ixture 
w ith  farm  manure, and this m ethod of application for 
both rock-phosphate and acid-phosphate has been 
w idely adopted in practice. The effect of decomposing 
organic m atter upon rock-phosphate under these 
conditions, as observed in increased yield  of crop,, 
has been com m only attrib uted  to organic acids. It  
has been stated th at such acids produced in the fer­
m entation of the organic m atter liberate soluble phos­
phorus from the floats. Favorable results from  this 
treatm ent have been observed to be generally most 
pronounced in seasons succeeding the year of applica­
tion.

E xperim ents in w hich solvents com m only used for 
this purpose have been em ployed to determ ine any 
increase of available phosphorus in ferm ented m ixtures 
of crude phosphates and organic m atter have given, 
however, negative results. Fleischers analyzed  w ater 
extracts from  ferm ented m ixtures of moss turf and 
ground phosphorite in varyin g  proportions and found 
no appreciable increase of soluble phosphorus during 
periods of to 9 m onths. In m any cases the re­
sults showed decreases of w ater-soluble phosphorus. 
Pfeiffer and Thurm an6 found th at a crude phosphate

1 See F arsky , A bstr. in Bied. Ccnlrlb., 1883, S. 449. and  S chre iner and  
Failycr, B ur. Soils. U. S. D ep t. A gr., B ull. 32.

2 See C am eron and  B ell, B ur. of Soils, U. S. D ep t. Agr., B ull. 41, pp. 
21 an d  35; also C am eron an d  Seidell, J .  A m . Chcm. Soc.t 26, 1461.

3 Som e of th e  m ost ex tensive d a ta  have been ob ta in ed  by M errill (M aine 
E x p t. S ta ., R pt. 1898, p. 64), Hess (P enn. E x p t. S ta ., R p t. 1895, p. 157), 
G oessm ann (H a tch  E x p t. S ta ., R pl. 1897, p. 190), J o rd a n  (M aine E x p t. 
S ta .. R p t. 1894, p. 23). W heeler (R . 1. E x p t. S ta ., B ull. 118) and  P a tte rso n  
(Md. E x p t. S ta ., B ull. 114).

■* Ohio E x p t. S ta ., Bull. 183, p. 206; Circ. 104, p. 15.
5 Landw . Jahrb.. Bd. 12, S. 186.
ü Layidu'. Vers. S ta t., B d. 47, S. 353.
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after contact for three months w ith a ferm enting 
m ixture of peat meal and liquid manure yielded only 
a trace of water-soluble and a slight increase of citrate- 
soluble phosphorus. Lupton1 fermented cotton-seed 
and cotton-seed-meal separately w ith ground South 
Carolina phosphate rock. Frequent analyses, during 
a period of three months, gave variable results and 
indicated little, if any, increase in the availability  
of phosphorus. M cDowell2 analyzed' a m ixture of 
cow and horse manure and crude Tennessee rock- 
phosphate which had fermented slightly over a year 
but found no increase of either water-soluble or citrate- 
soluble phosphorus as a result of ferm entation. E go­
rov,3 on the other hand, observed large decreases in the 
so lubility  of the phosphorus in ferm enting m ixtures 
of manure and rock-phosphate.

E X P E R IM E N T S  W IT H  R O C K -P H O S P H A T E  AN D  M A N U R E

The work to be described in this paper included 
studies of the action of ferm enting manure on rock- 
phosphate or floats conducted essentially after the 
m ethod of M cDowell.4 The fresh manure free from 
litter, which was a m ixture of one-third horse manure 
and two-thirds cow manure unless specified other­
wise, was thoroughly hand-mixed with floats in the 
proportion of one pound of floats to fifty  pounds of 
m anure.s The samples were fermented in covered 
iron pails; and w ater was added occasionally in the 
earlier experim ents to maintain a fairly  even moisture 
content of the check and reenforced manures. De­
terminations were made as follows:

Moisture.— One hundred grams of fresh sample were 
dried to constant weight in a steam  oven at 100° C.

Water-soluble Phosphoric Acid.— One hundred grams 
of fresh sample were extracted for five hours in a shaking 
machine at room tem perature. The extract was then fil­
tered and washed as rapidly as possible on a thick layer 
of paper pulp in a Büchner funnel, using ten successive 
75 cc. portions of distilled water for the washings. 
E x tra ct and washings were made to 2 liters and phos­
phoric acid determined in 200 cc. aliquots b y  the 
Neum ann m ethod.6

Citrate-soluble Phosphoric A cid.— The residue from 
the w ater extraction together w ith the filter pulp, 
sucked as free from w ater as possible, was transferred 
to  a 1 liter Erlenm eyer flask w ith 800 cc. of neutral 
ammonium citrate solution" at 65° C. E xtraction 
w ith this solvent was continued for one-half hour at 
65° C., shaking at five-m inute intervals. The extract 
was filtered as before and washed to a volum e of 
1500 cc. w ith w ater a t 65° C. The solution was then 
m ade to 2 liters and phosphoric acid determined in 
100 cc. aliquots b y  Neum ann’s method. The citrate- 
soluble added to the water-soluble gives the available 
phosphoric acid.

N /5  Nitric-Acid-soluble Phosphoric A cid.— The resi-
1 Ala. E x p t. S ta ., Bull. 48.
2 Penn. E x p t. S ta ., R pt. 1907-1908, p. 177.
3 A bstr. in E xp t. S ta . Record, 26, 2, 123.
4 Loc. cit.
5 The floats were furnished b y  the  M ichigan C arbon W orks of D etro it 

and  con ta ined  27.5S per cent, to ta l and  1.2 per cent, available P2Os.
0 T hroughou t th is  investigation  phosphorus was finally weighed as 

Mg»P20 ; according to  th e  s tan d a rd  g rav im etric  m ethod.
7 B ur. Chcm., U. S. D ep t. Agr., B ull. 107 (revised), p. 1 .

due (with filter) from the citrate extraction  was ex­
tracted for five hours w ith Ar/5 H N O s at room tempera­
ture (about 270 C. in all cases) in a shaking machine. 
The extract was filtered on paper pulp in the manner 
already described, washed w ith cold w ater to a volume 
of 1750 cc., and made to 2 liters. A liquots of 200 cc. 
were analyzed for P 20 5 b y  the Neum ann method.

Total Phosphoric A cid .— Phosphoric acid was de­
termined on the ground and m ixed residue from the 
moisture determ ination, using the Neum ann method.

In a prelim inary experim ent in w hich only cow 
manure was used the check m anure showed a loss 
of 34.7 per cent, of the water-soluble phosphorus 
originally present and no loss of available phosphorus 
after 61 days of ferm entation. In the floats-manure 
m ixture the water-soluble phosphorus decreased by
65.4 per cent, of the original and the available phos­
phorus decreased b y  39.6 per cent, of th at originally 
available. A fter 96 days the check m anure had lost
25.5 per cent, of the originally water-soluble phos­
phorus and 5.4 per cent, of the phosphorus originally 
available. During this tim e the m ixture lost 63.6 
per cent, of the water-soluble phosphorus and 25.8 
per cent, of the available phosphorus, based on the 
respective original am ounts of these constituents. 
There was, therefore, some recovery of water-soluble 
phosphorus in the check and of available phosphorus 
in the m ixture during the later stages of fermenta­
tion. The losses of phosphorus appeared to warrant 
further investigation.

On August 17, 1909, a m ixture of cow and horse 
manures was prepared and tw o 2 5-pound portions 
were fermented in the m anner a lready described, 
one portion serving as a check and the other being 
mixed with one-half pound of rock-phosphate. A 
temperature of about 250 C. was m aintained through­
out the experiment. L iberation of ammonia was 
little evident after October n t h  and b y  January 5th 
ferm entation was progressing slow ly. On the latter 
date sufficient w ater was added to the mixture to 
give it a percentage of m oisture approxim ately equal 
to that of the check. E xtraction s and analyses 
were made by the methods _already described and with 
the results given in Table I. B y  weighing the pails 
a t samplings data were secured for calculating the 
losses of dry m atter, due account being taken of 
rock-phosphate rem oved in sam pling. In the columns 
succeeding the data for water-soluble, available and 
total-soluble phosphoric acid are g iven  their respective 
values in percentages of the to ta l P 20 5.

1  he data of Table I show th at the water-soluble 
phosphorus decreased during ferm entation In the 
check manure the loss for the 92-day period a m o u n te d  

to 32.0 per cent, of the total and 36.9 per cent, of that 
originally soluble. The m ixture suffered correspond­
ing losses of 15.1 p ercen t, and 44.0 per cent., respect­
ively. Citrate-soluble phosphorus increased in the 
check manure and remained p ractica lly  constant in 
the mixture. Consequent decrease of available phos­
phorus in the check sample w as 19.4 per cent, of the 
total and of the originally available phosphorus. 
1  he available phosphorus of the m ixture decreased



Mar., 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

by 13-7 Per cent, of the to ta l phosphorus and 25.9 
per cent, of the phosphorus originally available. 
The losses in the respective sam ples and the propor­
tional losses of check and m ixture show general agree­
ment with the results of the nearly equal period 
covered by the prelim inary experim ent. A dded e x ­
traction with jY / s  nitric acid recovered all b u t 14.0 
per cent, of the total phosphorus in both samples 
after 92 days of ferm entation. T his extractin g  agent, 
which has been used for determ ining tricalcium  phos­
phate in soils,1 w as used in the hope to detect m arked 
changes of phosphorus other than sim ple reversion 
to tricalcium phosphate.

For the entire period of ferm entation covering 
190 days, the check sam ple lost w ater-soluble phos­
phorus equal to 21.1 per cent, of the total and 24.34 
per cent, of th at originally soluble. This w as a re­
covery of solubility over th at observed a t 92 days 
and conforms w ith the results of the previous experi­
ment. W ith the m ixture there w as a loss of 19.6 
percent, of the to ta l or 57.14 per cent, of the originally 
water-soluble phosphorus. T he available phosphorus 
in the check at the close of the experim ent w as less 
than at the beginning b y  an am ount equal to 13.4 
per cent, of the tota l and of the available phosphorus

carbonate. H aving found the am m onia content of 
a rapidly ferm enting sam ple of horse m anure equ iva­
lent to a 0.07 per cent, solution of am m onium  carbonate 
in the m oisture of the fresh m anure, extraction s were 
made w ith this solvent a t the tw o later extraction s 
of the last experim ent. Separate xoo gram  portions 
of the sam ple were treated w ith  1 liter portions of 
the solvent, the w ork being carried out as already 
described for w ater extracts. On N ovem ber 19th 
the w ater extract of the check sample contained 54.7 
per cent, of the total phosphorus, while the am m onium  
carbonate extracted  59.4 per cent, of the total. These 
solvents extracted  19.2 per cent, and 20.1 p e rc e n t., 
respectively of the tota l phosphorus in the m ixture. 
On February 25th, w ater and am m onium  carbonate 
extracted  65.6 per cent, and 45.7 per cen t., respect­
ively  of the total phosphorus in the check. In the 
case of the m ixture, these solvents extracted  14.7 
per cent, and 10.4 per cent., respectively, of the total 
phosphorus. The results do not indicate th at am ­
monium carbonate, as a product of ferm entation, is 
an especially effective factor in rendering phosphorus 
available in ferm enting manure.

Carbon dioxide formed b y  the decay of crop residues 
and dissolved in the soil w ater has been recognized

T a b l e  I .— P e r c e n t a g e s  o p  P h o s p h o r i c  A c i d  i n  t h e  D r y  M a t t e r  o p  C h e c k  M a n u r e  a n d  M a n u r e - F l o a t s  M i x t u r e

.5 0 —6*5 g 
I *o a
to

Check 
Aug. 19. 
Nov. 19. 
Feb. 25. 
Mixture 
Aug. 19. 
Nov. 19. 
Feb. 25.

.9 
*o • q

92
190

92
190

1»
P

22 .18
17.60
17.07

23 .65  
20 .31  
21 .30

W  ater-so lub le  
P2Oä

P e r cen t. P e r  cen t.
of of 

m an u re  to ta l  P 2O 5

A vailab le  P 2O 5 — o
P e r cent. P e r cen t. ^  O «  

of of ». « £  §
m a n u re  to ta l P 2O5 ^

T o ta l soluble
P 2O 5

P e r c en t. P e r  cent.
of 

m an u re

31 .20  
50 .32

31 .14
50 .97

1.80  
2 .5 4  
2 .9 9

4 .7 0
6 .4 0
7 .67

1 .56 
1.39 
1.96

1.61
1.23
1.13

8 6 .7
54 .7
65 .6

34 .3
19.2
14.7

0 .2 9
0 .73
0.71

0.87
1.27
0.95

1.85
2 . 12
2.67

2 .4 8
2 .5 0
2 .0 8

102.S
83 .4
8 9 .4

5 2 .8
39 .1
27.1

0.02
0 .0 8
0 .13

1.78
3 .0 0
3 .67

1 .87 
2.20 
2 .8 0

4 .2 6
5 .5 0
5 .75

of to ta l  
PaOs

103.9
86.6
93 .7

90.7  
86.0
74 .7

originally present. In the m ixture the corresponding 
losses were 25.7 per cent, of the to ta l and 48.7 per 
cent, of the available phosphorus.

The data agree w ith  those of the previous experi­
ment, indicating pronounced suppression .of water- 
soluble and of available phosphorus as m easured b y  
the standard reagents used for estim ating these con­
stituents of manures. A t the close of the experi­
ment additional extraction  w ith  A Y  5 nitric acid re­
covered all but 6.3 per cent, and 25.3 of the total 
phosphorus in check and m ixture, respectively. In 
the latter sample, a t least, it appears th at some change 
other than simple reversion to tricalcium  phosphate 
occurred. Possible form ation of organic com pounds, 
especially of nuclein com pounds b y  the action of bac­
teria, appears w orth y of consideration as an explan a­
tion of the change.

Having found the phosphorus of ferm ented m anure- 
floats mixtures depressed in ava ila b ility  as measured 
by solvents in com mon use it appeared th a t the natural 
solvent formed b y  the m oisture of the ferm enting m a­
nure might be a more efficient extractive  agent. This 
solvent must contain considerable dissolved m aterial, 
chief among which w ould be presum ably am m onium

1 s toddart, W is. E x p t. S ta ., Research B u ll.  2, 59.

as an efficient solvent for soil phosphates since the 
tim e of Liebig. M any laboratory tests made to de­
term ine its solvent power for various phosphates also 
have dem onstrated its efficiency. In the present 
investigation a solution of CO, saturated  at room tem ­
perature proved about five tim es as efficient as water, 
or 0.07 per cent, amm onium  carbonate solution in 
dissolving phosphorus from  the rock phosphate. 
This extractin g agent w as applied also to the sam ples 
represented in T able I, after th ey  had ferm ented 
318 days. The results are given in T ab le  II.

T a b l e  I I .— P e r c e n t a g e s  o p  P h o s p h o r i c  A c i d  i n  D r y  M a t t e r  o f  M a n u r e  

a n d  M a n u r e - F l o a t s  M i x t u r e  a f t e r  318 D a y s  o f  F e r m e n t a t i o n

M anure
sam ple

C heck ............
M ix tu re ........

D ry  
m a tte r  

of 
m anure  

P e r 
cent. 

4 2 .7 0  
SI .85

W  ater-so lub le  
P2O5

P 2O5 soluble in  sa t. 
so lu tion  of CO2

T otal
P 2O5
P e r

cen t.
3 .0 8
6 .53

P e rc e n t.  P e rc e n t.  P e rc e n t. P e rc e n t.
of of to ta l of of to ta l 

m anure  P 2O5 m anure  P 2O5

0 .6 0  19.48 0 .8 7  28 .25
0 .2 2  3 .3 7  0 .3 3  5 .05

The data differ n otab ly  from those for the ex­
traction after 190 days of ferm entation (Table I, 
date of Febru ary  25th), since w ater recovered less 
than one-third of the phosphorus soluble in the check
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manure and only about one-fourth of that soluble 
in the m ixture at the earlier date.

This seems to indicate a marked conversion of 
phosphorus to forms less soluble in water, the effect 
being especially m arked where floats were present. 
Carbon dioxide was decidedly superior to w ater for 
it recovered about 50 per cent, more phosphorus from 
both samples than did the latter solvent. The re­
sults of this extraction are not comparable w ith those 
already reported for ammonium carbonate because 
of the great difference in condition of the manures. 
T h ey present evidence of greatly  depressed solubility 
of phosphorus in water at an extrem e stage of fer­
mentation. The superiority of the carbon dioxide 
solutions appears to indicate that some of the phos­
phorus previously involved in the process of ferm enta­
tion and rendered insoluble in water, had been liberated 
finally as inorganic phosphates insoluble in w ater but 
soluble in carbon dioxide solution. The results would 
seem to indicate, therefore, th at carbon dioxide m ay 
be the chief agent involved in finally placing insoluble 
phosphorus of manures at the disposal of growing 
crops.

The work already presented suggested two points

apparently strengthened b y  the w ork of Wüthrich 
and von Freudenreich,1 who found great numbers of 
bacteria in the fresh feces of herbívora; and by the 
w ork of M acNeal and others,3 who found that the 
bacterial cells of fresh hum an feces m ight amount to 
50 per cent, or more of the tota l d ry  m atter. It must 
be borne in mind also th at bacterial counts upon fer­
menting manure b y  the usual p latin g method, while 
indicating a rapid increase of flora, do not measure 
the extensive accum ulation of dead or inert bacterial 
cells which m ust occur.

In view  of the preceding observations an experi­
ment was planned in w hich the action of bacteria 
could be elim inated and the results compared with 
those of a normal ferm entation. The usual extractions 
were supplem ented b y  the use of a saturated  solution 
of carbon dioxide (at room tem perature) as a solvent 
to determine its efficiency w ith  a ctiv e ly  fermenting 
manure.

E X P E R IM E N T  W IT H  A N T IS E P T IC S

On April 15, 1911, three 25-pound samples of the 
usual m ixture of manures were prepared and mixed 
with floats3 in the proportion and m anner previously 
followed. One sample was allowed to ferment nor-

T a b i . u  I I I .— P e r c e n t a g e s  o f  P h o s p h o r i c  A c i d  i n  t h e  D r y  M a t t e r  o f  N o r m a l  a n d  T r e a t e d

•3 e.

5  0to
1. N orm al

A pr. 17................
M ay 12 ................
J  uly 6 ................

2. W ith  chloroform
A pr. 17 ..................
M ay 12..................
Ju ly  6 ................

3. W ith  form alin
Apr. 17..................
M ay 12..................
Ju ly  6 ..................

3  g 3 .
C >, ^  C nO O W « 9.

•S 6 «S £ 6 8

eJ ri £

= «- 0 2 o '-5 V rt 
t í  Si û  g

W ater-soluble ~  tí .o ß
I  “O u</) 5

P 2O5

i l > a *£ "O

P er cent. P er cent.
in of 

m anure  to ta l

21.57 
25 19.12 14.90
80 16.95 38.81

21.72 
25 22.05
80 21.82  1.13

2190
218

4

344
1
0.1

....................  21 .70  . . .  0
  25 21 .72  . . .  0 .1
  80 20 .57 1.61 0

o C itra te  ex trac ts  from  chloroform ed sam ple were lost

21 1.40 33 .26
71 0 .98  20.81
69 1.00 17.57

0 .63
0.88
1.11

A vailable P 2O 5

P er cen t. P er cen t.
in of

m anure to ta l

2 .03  48.21
1.86 39.55
2.11 37.08

M a n u r e - F l o a t s  M i x t u r e s

T o ta l so luble H 2CO3 soluble 
P2O5 P2O5

s -  8
•3 ~  °c = uxn o ?

3 .27

21 1.37 32.54  a
91 1.32 33 .76
13 1.16 28.11 0 .48

21 1.24 29.45 0 .69
90 1.23 31 .54  0 .47
91 1.05 26.85 0 .70
first and  second extractions.

1.64 39 .73  2 .15

1.93 45 .84
1.70 43 .59
1.75 44 .75  2 .18

P er P e r P er Per
cen t, in  cen t, of cent, in ccnt. of
m an u re to ta l m anure total

1.26 29.89
1.40 29.77

5 .3 8 94 .62 1.08 18.98

1.25 29.66
1.47 37.57

3 .7 9 91 .77 1.05 25.42

1.05 24.94
1.46 37.44

3 .93 100.40 0.S8 22.51

upon which it- would be im portant to direct further 
investigation:

First, the cause of the decrease of water-soluble 
phosphorus which was observed w ith manures and 
manure-floats mixtures.

Second, the efficiency of carbonated w ater as a 
solvent for phosphorus of actively  ferm enting manure.

Behrens1 states that microorganisms of manure 
cleave phosphoric acid and other ash constituents 
from organic compounds and use them in the elabora­
tion of their own cells. Stoklasa3 has shown also 
th at approxim ately 25 per cent, of the phosphorus 
of insoluble phosphates added to media m ay be as­
sim ilated b y  bacterial cultures in the presence of 
carbohydrates. The latter author states th at as 
much as 80 per cent, of the phosphorus of bacteria 
m ay occur in the form of nucleic acid. If these state­
ments are reliable, the. consumption of soluble phos­
phorus b y  bacteria m ight explain the depressions 
observed in the present work. This possibility is

1 L a fa r’s Handbuch d. Tech. M ykol., 3, 429.
2 Centrlb. Bakt., e tc ., A b t. I I ,  29, 400.

m ally. To a second sample, 250 cc. of chloroform were 
added and thoroughly incorporated. T he third sample 
was treated w ith a sim ilar am ount of 40 per cent, 
formalin. Care was taken to m aintain an excess of 
these antiseptics in their respective samples, the pur­
pose being to inhibit only m ultiplication of bacteria 
in the second sample while in the third sample the 
suppression of bacteria and prob ab ly  of enzymes 
should be complete. The sam ples were stored in 
pails and weighed at sam plings to follow  the losses 
of dry m atter. Bacterial counts were m ade as a check 
upon conditions favoring ferm entation. N/$ n’tr‘° 
acid was used only at the last extraction . The samples 
for extraction w ith carbon dioxide were taken simul­

taneously with those for extraction  w ith  water, trans­
ferred to sealed Mason jars, treated  w ith  a few cc. of 
chloroform, refrigerated and extracted  on the follow­
ing day. The data of this experim ent are given in 
Table III.

1 Centrlb. Bakt. (1895), A bt. I I .  1, 873.
2 Jour. Infect. Diseases, 6, No. 2, p. 123.
3 The sam ple of floats used here con ta ined  31.62 p e r cent, total FjOj
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A study of Table III  shows th at the w ater-soluble 
phosphorus of the norm ally ferm enting m ixture 
decreased during 80 days b y  15.6 per cent, of the to ta l 
and 47.2 per cent, of the am ount soluble a t the be­
ginning. The corresponding losses in m ixtures 2 
and 3 were 4.5 per cent, and 2.6 per cent, of the total, 
and 13.8 per cent, and 8.8 per cent, of the originally 
soluble phosphorus of the respective sam ples. The 
data indicate th at this readily soluble constituent 
of manure-floats m ixtures is seriously reduced b y  the 
process of ferm entation b u t rem ains p ractica lly  con­
stant when ferm entation is inhibited. Sam ples Nos. 1 
and 3 show losses of 23.1 per cent, and 2.4 per cen t.' 
of the phosphorus originally availab le in the respect­
ive cases. It  w ould be difficult to  explain  w h y the 
single figure for availab ility  in sam ple No. 2 fails to agree 
with the corresponding figure for sam ple No. 3, also 
treated with an antiseptic, b u t even the la tter sample 
shows a decrease a t the second analysis. T h e bacterial 
counts and losses of d ry  m atter seem to indicate th at 
this condition cannot be due to reactions accom pany­
ing the development of bacteria.

InsampleNo. 3 the water-soluble phosphorus w as lower 
throughout than in sample No. 1 a t the first stage and in 
sample No. 2 at corresponding dates of analysis. This 
condition m ay have been due to a coagulating or 
hardening action of the form alin upon the organic 
matter surrounding the otherwise soluble phosphorus 
compounds, which reduced the effectiveness of the 
solvent. N /5 nitric acid was more efficient than in 
earlier experiments, the added extraction  w ith  this 
solvent recovering all the phosphorus of sam ple No. 3 
and all but 5.3 per cent, and 8.2 per cent, of the tota l 
phosphorus in samples Nos. 1 and 2, respectively, a t the 
close of the experiment.

Comparing the efficiency of carbon dioxide solution 
with that of water, one finds the results less consistent 
for the former than for the latter solvent. T h e ir­
regularities m ay have been due to  changes occurring 
in the samples while standing previous to extracting. 
The fact that the efficiency was generally  low er for 
the carbon dioxide th an  for the w ater seems to indicate 
that with these sam ples conditions w ere quite d if­
ferent from those obtaining w here the solvents were 
compared upon floats alone or on m anure-floats 
mixture at the extrem e stage of ferm entation repre­
sented in Table II. In harm ony w ith  the results from  
extraction with water, the d ata  for carbon dioxide 
extracts give evidence of m arked suppression of solu­
ble- phosphorus where ferm entation and bacterial 
increase proceed freely, as in sam ple No. 1. These re­
sults agree w ith those of E g o ro v ,1 who found greater 
decreases of soluble phosphorus in norm ally  fer­
menting manure than in m anure treated  w ith  toluol. 
Considering the results of this experim ent in relation 
to the two specific points w hich it w as to cover, it 
appears that the developm ent of bacteria  is closely 
associated with a decrease of water-soluble phosphorus 

n̂d that the phosphorus of ferm enting m anure- 
°ats mixtures is not appreciab ly  more soluble in 

carbon dioxide solution than in w ater alone.
1 Loc. cit.

203

E X P E R IM E N T S  W IT H  B A C T E R IA

A s a result of the preceding experim ent atten tion  
w as directed to the relation of bacteria  to soluble 
phosphorus in culture media. M ixed flora of m anure 
organism s were grown upon the usual standard agar 
medium  (generally w ith 0.5 per cent. K 2H P 0 4 added). 
A fter  2 to s days the grow ths were rem oved b y  means 
of a sm ooth-edged glass slide, oven-dried and p u lver­
ized. These bacterial cells contained 4 per cent, to 
8 per cent, of P 20 5. A  w ater-extract of bacterial 
cells from  one culture of this sort, obtained in the 
presence of chloroform  and passed through a Pasteur- 
Cham berland porcelain filter, contained 60.9 per cent, 
of the total phosphorus of the cells. A  sim ilar analysis 
of the medium from w hich these cells were obtained 
showed th at it contained 8T.9 per cent, of its to ta l 
phosphorus in w ater-soluble form. This indicated 
a depression of 21 per cent, in so lubility  of phosphorus 
when assim ilated b y  bacteria  from  the m edium .

M ixed bacteria from  m anure were grow n upon agar 
m edia prepared from  an ex tra ct of fresh m anure- 
floats m ixture obtained b y  squeezing the la tter in 
a h eavy press. The phosphorus supply w as thus 
lim ited to the form s dealt w ith  in the preceding fer­
m entation experim ents. Check portions of the media 
and five-day cultures representing equal am ounts 
of the original m edia were extracted  w ith  w ater in 
the presence of chloroform  and the extracts were filtered 
through porcelain. The treatm ent w as thus essen­
tia lly  the same as th at applied in the experim ents 
w ith  manures. Tw o experim ents of this sort gave 
depressions of 40.6 per cent, and 26.5 per cent, of the 
soluble phosphorus of the m edia as a result of the grow th 
of bacteria. Since the conditions attending these 
extractions closely sim ulated those attending the in­
vestigation of manure, it seems reasonable to conclude 
th at bacteria  are d irectly  responsible for a t least a 
p art of the decrease of w ater-soluble phosphorus in 
ferm enting manures.

S T A T U S  O F  P H O S P H O R U S  IN - T H E  B A C T E R IA L  C E L L

In  order to determ ine w hether th is effect w as due 
to  changes occurring in the m edium  or to w ithdraw al 
of soluble phosphorus from  the medium b y  the bacteria, 
a stu d y  w as m ade of the status of phosphorus in bac­
terial cells. A  few  pure cultures b u t m ostly  m ixed 
organism s of m anure were investigated. T he grow ths 
were secured from  standard m edia in the m anner 
previously  described and incubated 3 days. W ater 
extracts were obtained from fresh intact cells, oven- 
dried cells and cells dried iu  vacuo over sulfuric acid 
a t room tem perature. Other sam ples of fresh cells 
were extracted  after m aceration w ith  glass in a porce­
lain m ortar until m icroscopic exam ination showed 
th at p ractically  all the cells had been crushed. This 
treatm ent m ust have elim inated, to a great extent, 
an y  p rotective action exerted against solvents b y  the 
cell wall.

Ten gram s of fresh cells, or its equivalent irl d ry 
cells, were shaken b y  m achine for three hours w ith  
500 cc. of w ater a t room tem perature. The extracts 
w ere filtered im m ediately through porcelain. Care



2 0 4 T H E  J O U R N A L  OF  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Mar., 1913

was taken to have chloroform present throughout 
the work and the filtrates were refrigerated when 
not analyzed im mediately. Phosphorus was de­
termined in 100 cc. aliquots of the filtrate taken at 
the initial tem perature of the solvent, using the Neu­
mann method. It  was found that an average of 48.9 
per cent, of the total phosphorus in the fresh bacterial 
cells was soluble in water. D rying did not appear 
to exert a marked influence on the solubility of phos­
phorus. In one case water was found to be as efficient 
when acting upon the fresh, intact cells for 10 minutes 
as when applied for three hours. This seemed to 
indicate a possible concentration of soluble phos­
phorus at the surface of the cell as a result of adsorp­
tion from the medium. In view  of this possibility 
determ inations of inorganic phosphorus were made 
on w ater extracts of several cultures, using the follow­
ing methods: H art and Andrews’,1 Forbes’ ,2 Em m et
and G rindley’s3 and Collisons’ .**

On the whole, there was considerable variation in 
the results and it must be concluded that they were

the same m anner as rock-phosphates for reenforcing 
farm  manure, it seemed desirable to follow  the changes 
of solubility of phosphorus in ferm enting mixtures 
of manure and acid-phosphate and com pare the re­
sults w ith those obtained from m anure-floats mixtures. 
On April 6, 1912, a m ixture of horse manure and 
a/3 cow manure w as pu t up as follows:

Sample 1. 25 pounds of manure.
Sample 2. 25 pounds of m anure + 390 grams acid- 

phosphate.1
Sample 3. 25 pounds of m anure +  390 grams acid- 

phosphate + chloroform  to saturation.
Sample 4. 25 pounds of m anure + 390 grams acid- 

phosphate +  50 gram s CaC 0 3.2
Phosphorus was added in th is experim ent in a 

proportion roughly approxim ating th a t followed in 
the rock-phosphate experim ents. On the dates in­
dicated in Table IV , the sam ples were extracted and 
data obtained in the usual manner. A n  additional 
extract was prepared b y  passing a portion of the usual 
w ater extract through Pasteur-Cham berland filters

T a b l e  I V . — P e r c e n t a g e s  o f  P h o s p h o r i c  A c i d  i n  t h e  D r y  M a t t e r  o f  C h e c k  M a n u r e  a n d  A c i d - P h o s p h a t e  M i x t u r e s

Sam ple num ber and 
d a te  of analysis

1. Check m anure
A pr. 6 .............................................   21 .70
J u ly  2 ( a ) ....................................................................... 14.12 40 .3

2. A cid-phosphate m ix ture
A pr. 6 .  ......................................................    23.80
Ju ly  2 .............................................................................. 18.10 32.3

3. A cid-phosphate m ix tu re  +  CHClj
A pr. 6 ...................................................................................23.85
Ju ly  2 .............................................................................. 23 .50

4 . A cid-phosphate  m ix tu re  +  CaCC>3
Apr. 6 ..............................................................................  24.05
Ju ly  2 .............................................................................. 16.47 44.5

(a) Period  of fe rm enta tion  =  87 days.

but rough approxim ations to the actual percentages 
of inorganic phosphorus. The average of the most 
consistent figures gave 31.5 per cent, of the total 
phosphorus as present in inorganic form. The average 
of water-soluble phosphorus recovered from these 
cultures was 37 per cent, of the total. From  the rough 
agreem ent of these percentages it would seem that 
the greater part of the water-soluble phosphorus of 
bacterial cells as prepared in this work was derived 
from inorganic phosphates adsorbed from the medium 
and concentrated a t the surface of the cells. The 
remaining phosphorus of the cells, which was p artly  
soluble in dilute alkali, probably represented that 
actually  assimilated b y  the bacteria and presum ably 
existed chiefly as a constituent of nuclein compounds. 
This condition would be sufficient to account for an 
appreciable depressing influence of bacteria upon the 
soluble phosphorus of ferm enting manures. 

E X P E R IM E N T  W IT H  A C ID -P H O S P H A T E  

In view  of the common use of acid-phosphate in
1 A m . Chem. Jour., 36, 478.
2 Ohio E x p t. S ta ., Bull. 215, 488.
3 J o u r . A m . Chem. Soc., 28, 35.
4 T h i s  J o u r n a l ,  4 ,  6 0 6 .
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sample total

21..70 6308 1 .93 1.22 63.21 0 .53 1.75 90.67 0 .05 1 .80 93 .2 6 1.12 58.03
14 .12 40 .3  27 2 .62 1.43 54.58 1.18 2 .61 99 .62 0 .0 7 2 .6 8 102.29 1.30 49.62

23 .80 5380 3 .70 2.03 54.87 1.07 3 .1 0 83.77 0 .0 7 3 .1 7 85 .66 1.77 47.80
18 .10 32 .3  60 4.43 1.47 33.18 2 .89 4 .3 6 98.42 0 .0 8 4 .4 4 100.23 1.22 27.54

23 .85 6740 3 .62 2 .10 58.01 1.09 3 .1 9 88.11 0 .0 4 3 .23 89.21 1.79 49.40
23 .50 0 .1 9  0 3 .71 1.26 33 .94 2 .00 3 .2 6 87 .85 0 .1 2 3 .3 8 91 .08 1.14 30.73

24 .05 9145 3 .42 1.30 38.01 1.91 3.21 93 .86 0 .1 0 3 .31 96 .78 1.11 32.50
16.47 44 .5  34 4 .82 0 .95 19.71 4.02 4 .97 103.11 0 .1 4 5.11 106.01 0.91 18.88

to insure the rem oval of bacterial cells. Sample No. 3 
was acid in reaction throughout the experim ent, 

while sample No. 2 changed from  w eakly  alkaline to 
w eakly acid. The other sam ples were distinctly al­

kaline throughout. Mold grow th w as especially evi­
dent on the surface of sample No. 2 and in the bacterial 
cultures obtained from this m anure. The analytical 

data are given in Table IV .
The losses of water-soluble phosphorus in this 

experim ent were 8.63 per cent., 21.69 Per cent., 24.07 
per cent, and 18.30 per cent, of th e tota l phosphorus 
of samples Nos. 1 to 4, respectively. These va lu es are 
equivalent to losses of 13.65 per cent., 39.53 Per cent'' 
41.49 per cent, and 48.15 per cent, of the originall} 

water-soluble phosphorus of the respective samples- 
The phosphorus passing through porcelain filters 
showed decreases of 14.49 P er cen t., 43.40 Per cei1̂ " 
37.79 per cent, and 41.91 per cent, from that soluble 

at the start in the same respective samples. These 
latter results indicate the presence in the water es-

1 T he acid-phosphate w as a  com m ercial b ra n d  con ta in ing  17.7 percent- 
m oisture, 13.88 p e r cen t, to ta l P 20 5 and  10.4 p e r  cen t, water-soluble V'fis-

~ T he calcium  carbonate  was a b o u t tw ice th e  am oun t required 
neutra lize  th e  acid ity  of th e  pho sp h ate  as  d e term ined  by  titration.
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tracts of only slight am ounts of organic or other phos­
phorus compounds incapable of passing through 
porcelain filters. The experim ent agrees w ith those 
described for rock-phosphate, w hich showed greater 
depression of solubility  in the m ixtures than in the 
check-manure. M oreover, the losses were of ap p roxi­
mately the same m agnitude as those observed during 
an equal period of ferm entationin earlierw ork. Sam ple 
No. 3, which was subjected to extensive loss of soluble 
phosphorus in the presence of chloroform , appears 
to indicate that other factors than bacteria function 
in the depression of w ater-soluble phosphorus in fer­
menting m ixtures of m anure and acid-phosphate. 
An absorptive effect of the m anure or chem ical combi-

20 5

presence of acid-phosphate in ferm enting manure 
differ from those pbtaining when rock-phosphate 
is present. In either case several factors m ay affect 
the status of phosphorus and the changes appear to 
be com plex.

E X P E R I M E N T S  W IT H  B A R L E Y  C R O P S

A s a practical check upon the results a lready pre­
sented it was desirable to know  the a v a ila b ility  of 
phosphorus in ferm ented m anure-phosphate m ixtures 
as measured b y  grow ing crops. Greenhouse cultures 
of barley were grown, therefore, upon soil fertilized 
b y  manure to which K ah lbau m 's c .  p . tricalcium  
phosphate and monocalcium  phosphate were added, 
w ith the purpose of com paring the influence of fer-

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 IN E E R IN G  C H E M I S T R Y

Cheek 
ferm ented 
manure 
Box 74

F erm en ted  
m anure  

+  t r i ­
p h o sp h ate  

Box 66

F erm en ted  
m anure 

+  m ono­
pho sp h ate  

Box 68

Ferm ented  
trip h o sp h a te  

m ix tu re  
Box 70

F erm en ted  
m o n o phosphate  

m ix tu re  
Box 72

I .  B a r l e y  C r o p  N o . 1, S e t  1, M a r c h  29, 1912

nation between the tw o w ould seem to be possible 
factors in the change. The high recovery of phos­
phorus in available form  from  the m ixtures a t the 
last extraction is a contrast to the results from  rock- 
phosphate and further indicates the effects of such 
factors as absorption or conversion to com pounds 
soluble in citrate solution. The change was pre­
sumably a conversion to dicalcium  phosphate in 
sample No. 4, where an excess of calcium  was present.

ne total soluble phosphorus underw ent changes 
similar to those observed for available phosphorus 
and the results m ay be due to the causes suggested 
ot the latter. W hile this single experim ent cannot 
e cons>dered as g iv in g  conclusive results it appears 

t0 justify the belief th at conditions atten din g the

meriting manure upon soluble and insoluble phosphates. 
On N ovem ber 22, 1911, five samples based upon the 
usual m ixture of manures were prepared as follows:

Sam ple 1. 10 pounds of manure.
Sample 2. 10 pounds of m anure + 55 gram s tri­

calcium  phosphate.
Sam ple 3. 10 pounds of m anure +  41.5 gram s mono­

calcium  phosphate.
Sam ple 4. 10 pounds of manure.
Sam ple 5. xo pounds of manure.
The phosphates supplied equivalent am ounts of 

phosphorus and corresponded to the proportions used 
in ferm entation experim ents. On D ecem ber 22nd, 
after 30 days of ferm entation, 55 gram s of tricalcium  
phosphate were added to sample No. 4, and 41.5 gram s
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of monocalcium phosphate to sample No. 5. The re­
enforced manures were mixed and analyzed for total 
and water-soluble phosphorus. Table V  gives the 
data.
T a b l e  V .— P e r c e n t a g e s  o f  P h o s p h o r i c  A c i d  i n  D r y  M a t t e r  o f  M a n u r e - 

P h o s p h a t e  M i x t u r e s  A p p l i e d  t o  B a r l e y

p2o5of h2o s 2
ex t. passing G g 

ti W ater-soluble porcelain c  S
I PaOj
a

§
el g

S £

filter «  r* .2
— ,1  -s -g

o S's 6 £ ° ”  0 .S* - -  .2 H +<
s I  ¡ 1
S a « 0

Sam ple p, (i (£, S  (S, ft K
1. Check m a n u re ..........................  18.95 ............................ ................. 1098
2 . T riphosphate  m ix tu r e   18.77 5 .5 0  1.22  22 .18  0.88 16.00 724
3. M onophosphate m ix tu r e . . .  20 .82  4 .9 8  2 .4 4  49 .00  2 .1 3  42.77  5470
4. M anure +  t r ip h o s p h a te . . .  18.55 5 .5 4  1.41 25.45 0 .9 6  17.33 . .
5. M anure 4- m onophosphate 18.47 5 .52  3 .25  58 .88  2 .89  52 .36

Detailed comment upon these results is unneces­
sary in view  of the explanations of preceding tables. 
The depression of solubility b y  ferm entation was 
much greater in case of the monophosphate than 
w ith the triphosphate; but the soluble phosphorus 
of the fermented monophosphate m ixture was twice
as great as th at in either of the samples treated w ith

T a b l e  VI.— W e i g h t  i n  G r a m s  o p  A i r - D r y  B a r l e y  o f  H a r v e s t  I f r o m  M a n u r e s  R e e n f o r c e d  w i t h  P h o s p h a t e s

most striking result of the experim ent is the superior 
yield  from  m onophosphate when applied with fer­
mented m anure as com pared w ith  its application in 
the fermented m ixture. The effect is more marked 
w ith the grain than w ith the straw.

The availab ility  of the' triphosphate, on the other 
hand, appears to have been influenced b u t slightly 
b y  the action of the ferm enting, m anure. It was 
also as efficient as the m onophosphate applied in the 
ferm ented m ixture. The equal yields from  triphos­
phate are in harm ony w ith  the approxim ately equal 
soluble phosphorus in the m anures containing it. 
The m onophosphate in the ferm ented mixture fails 
to g ive an increased yield  corresponding to its excess 
of soluble phosphorus over th a t of the manures con­
taining triphosphate. In  the case of the mono­
phosphate, however, the ferm ented manure plus 
phosphate contained 20 per cent, more soluble phos­
phorus than did the ferm ented m ixture and gave an 
increase of .37 per cent, in y ie ld  of grain. The ex­
tensive bacterial flora in the ferm ented mixture of 
monophosphate would seem to be a possible cause 
of the low availab ility  observed for th at sample. 
A pparently the soluble phosphorus is retained, possi-

M anure
applied

F erm en ted  
m anure  4- triphos.

F e rm en ted  
m anure 4- raonophos.

F erm ented  
m ix tu re  w ith triphos.

F e rm en ted  m ix tu re  
w ith  m onophos.

Check 
fe rm en ted  manure

Box A ver­ A ver­ A ver­ A v er­ Aver­
num ber 65 66 age 67 68 age 69 70 age 71 72 age 7S 74 age
G ra in ......... . .  20.92 24.82 22.87 26.42 29.92 28.17 19.13 26 .96 23.05 17.06 24 .02 20 .5 4 21 62 21.16 21.39
S tra w ......... . .  35 .38 42.18 38.78 42. SS 44.. 18 43.53 33.17 41.84 37.51 35 .44 34 .18 34.81 39 .68 36 .84 38.26
T o ta l.......... . .  56 .30 67.00 61.65 69.30 74.10 71.70 52 .30 68.8  > 60.55 52 .50 5 8 .2 0 55 .35 6 1 .3 0 58 .00 59.65

triphosphate. These manures were applied in dupli­
cate at the rate of 100 gram s each to 15 kilogram s of 
uniform clay  loam 1 in wooden boxes. Applications 
were m ade as follows:
Box No.

65
66
67
68

J- Ferm ented  m anure +  tricalcium  phosphate

j- Ferm ented  m anure + m onocalcium  phosphate  

69 )
_Q j- F erm en ted  m ix tu re  of m anure  and  tricalcium  phosphate  

' * j- Ferm ented  m ix tu re  of m anure and m onocalcium  phosphate  

^  j- Check ferm ented  m anure

On Decem ber 23rd, the boxes were planted to barley 
of the variety  Oderbrucker No. 6. The crops were 
thinned to sixteen per box on January 3rd. Several 
sprayings w ith atom ic sulfur preparation were re­
quired to suppress mildew. Sm ut or stripe-disease 
rendered sterile 3 plants in box 66 and 2 plants each 
in boxes 72 and 74. On M ay 3, 1912, the mature 
crops were harvested, dried at about 500 C. and allowed 
one m onth to attain  an air-dry condition. Seed and 
straw  were then separated and weighed. The data 
are given in Table V I.

The difference in yield of duplicate boxes m ay have 
been due to slight differences in the greenhouse en­
vironm ent of the two sets of boxes. T h ey run so 
nearly parallel, however, th at the average yields, 
apparently, m ay be considered reliable data. The

1 T he soil contained  0.3 per cent, to ta l and  0.15 p e r cent. HCl-soluhle 
P2O3 on th e  a ir-d ry  basis.

bly b y  adsorption, in a form  readily recovered by water 
and y e t assim ilated w ith difficulty b y  the roots of the 
barley plant. The yields of straw  show the same 
general relations as those of grain.

A  second crop of barley w as plan ted  in the soils 

of the previous experim ent on M ay 8th. Chevalier 

barley was chosen on account of its resistance to mil­

dew, and the selected seed w as treated  w ith formalin 
in the usual manner to destroy sm ut spores. The 
plants were thinned to 16 per box on M ay 21st. They 
were free from disease throughout grow th. Nitrogen 

and potassium were liberally supplied to the odd- 

numbered set of boxes in the hope to m ake phosphorus 

the chief factor lim iting fertility  b u t these crops failed 

to produce seed and the yields are omitted. The 
normal crops were harvested on A ugust 13th and cured 

as before. The data are given in T able V II.

T a b l e  VII.— W e i g h t  i n  G r a m s  o f  A i r - D r y  B a r l e y  o f  H a r v e s t  II from 
M a n u r e s  R e e n f o r c e d  w i t h  P h o s p h a t e s

F e r­ F e r­ F e r­ F e r
m ented m en ted m en ted m ented
m anure m anure m ix tu re m ixture

4- 4- w ith w ith Check

M anure applied to crop t r i ­ m ono- tri- mono- fermented
of h a rv est I p hosphate  pho sp h ate  p h o sp h ate  phosphate manure

B ox num ber 66 68 70 72 74
G ra in ................... 3 .3 8 4 .0 7 3.75  0.51
S tra w ................... 14.12 14.23 14.55 16.79
T o ta l.................... 17 .50 18.30 18.30 I '-30

In this second harvest from  the original applied 
tion of manures the triphosphate of the fermented
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Check 
ferm ented 

m anure 
Box 73

F erm en ted  
m anure  

-f t r i ­
pho sp h ate  

B ox 65

F erm en ted  
m an u re  

-F m ono­
p ho sp h ate  

B ox 67

fe rm e n te d  
trip h o sp h a te  

m ix tu re  
Box 69

re rm e n te d  
m onophosphate  

m ix tu re  
B ox 71

I I .  B a r l e y  C r o p  N o . 1 , S e t  2

slight variations (from 0.9 per cent, to 1.08 per cent.)
of PjOj in the air-dry grain crops. The P 20 5 content 
of the air-dry straw  w as 0.16 per cent, in the crops 
from check m anure and ferm ented m ixtures, 0.12 
per cent, from ferm ented m anure -f triphosphate 
and 0.21 per cent, from  ferm ented m anure +  m ono­
phosphate. Calculations based on yields and P j0 5 
content show th at the follow ing w eights in m illi­
grams of P j0 5 were assim ilated from  the boxes indi­
cated:

Check manure (box 73) 288; ferm ented m anure +  
triphosphate (box 65) 229, +  m onophosphate (box 

3541 fermented m ixture w ith  triphosphate (box 
69) 246, with m onophosphate (B o x 71) 241.

According to H all1 barley straw  shows variations 
‘The S o il,”  seco n d  e d it io n , p. 156.

M a r c h  2 9 ,  1 9 1 2

mono- and of triphosphate, check m anure and fer­
m ented manure 4 - m onophosphate.

I t  is m anifestly unsafe to draw  conclusions from  the 
preceding experim ents w ith  pure phosphates and apply 
them  to com mercial m aterials, such as rock-phosphate 
and acid-phosphate It  would seem reasonable, how ­
ever, to expect the same general conditions to obtain 
for both classes of phosphates and th at, consequently, 
acid-phosphate will g ive the highest im m ediate re­
turns when w ithheld from  con tact w ith  ferm enting 
manure until the la tter is applied to the soil. R ock- 
phosphate m ay be expected, apparently, to g ive  the 
same im m ediate returns w hether applied in ferm ented 
m ixture or sim ultaneously w ith  ferm ented m anure. 
Succeeding crops, however, ought to g ive superior 
results from  ferm ented m ixtures; and this condition

mixture gave 23 per cent, more yield  of grain than 
did triphosphate added to ferm ented m anure. Mono­
calcium phosphate showed a com plete reversal of 
efficiency from th a t recorded for the first harvest. 
In harvest I the freshly added phosphate gave an 
increase of 37 per cent, in yield  of grain over the 
fermented m ixture while in harvest II the y ield  of 
grain from the ferm ented m ixture was 11 per cent, 
greater than from  the ferm ented m anure w ith freshly 
added phosphate. The results indicate increasing 
availability of the phosphorus in the ferm ented m ix­
tures with duration of exposure in the soil.

Determinations were m ade of the am ounts of 
phosphorus rem oved from  the odd-num bered set of 
boxes by harvest I, using the official m ethod of in­
cineration w ith M g(N 0 3)2- The results showed only

of P 2O s content from w hich the a va ila b ility  of the 
soil supply can be interpreted. I f  this be true, the 
preceding results indicate th at the phosphorus of 
soluble and insoluble calcium  phosphates w as equally  
available after prolonged contact w ith ferm enting 
m anure. Phosphorus of triphosphate appears to 
have been equally, if not more, available after con­
tact w ith ferm enting m anure than when applied with 
manure previously ferm ented.

In the case of m onophosphate higher ava ilab ility  
w as shown b y  the m anure reenforced a t the tim e of 
application than b y  the ferm ented m ixture. The 
results agree w ith the yields of crop produced. On the 
basis of total P 20 5 assim ilated the m anures showed 
increasing efficiency in the following order: ferm ented 
manure + triphosphate, ferm ented m ixtures of
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agrees with the delayed action of rock-phosphate 
frequently observed in field practice.

W hile this investigation has indicated th at com­
plex relations exist between fermenting manure and 
reenforcing phosphates, it seems also to have indi­
cated reasons which m ay explain the results and 
correlate them with observations from farm practice. 
I t  m ay be stated that, apparently, bacteria are a di­
rect and im portant factor in depressing the soluble 
phosphorus of fermenting m ixtures of manure and 
rock-phosphate. This effect seems to be due chiefly 
to the formation of insoluble nuclein compounds in 
the bacterial cell. W hen acid-phosphate is added to 
manure there is a depression of soluble phosphorus, 
even when the development of bacteria is practically 
inhibited. This result is apparently due to absorption 
of the phosphate by the manure.

In the case of rock-phosphate these changes appear 
to have no significant influence upon immediate re-

ously its efficiency for im m ediate returns of crop. 
The indications are th at it is inadvisable to allow 
prolonged contact of this phosphate w ith  manure 
in a ferm enting m ixture. F or reenforcing purposes it 
seems best to add it to the m anure when the latter 
is applied to the soil.

SU M M A R Y

Ferm entation over periods of four to six months 
caused a decrease of water-soluble phosphorus in 
manures and m ixtures of m anures w ith  rock-phos­
phate. The losses were greatest in the mixtures, 
where they am ounted to more than one-half the solu­
ble phosphorus originally present. Am m onium  citrate 
solution and iV/5 nitric acid did not recover this de­
pressed phosphorus in all cases and hence other changes 
than simple reversion to insoluble phosphates ap- 
pai'ently occurred.

Amm onium  carbonate solution of the strength ex­
isting in the moisture of ferm enting manure was no

Check 
ferm ented  
m anure 
Box 74

F erm en ted  
m anure 4- t r i ­

phosphate  
Box 66

F erm en ted  
m anure 4- m ono­

phosphate  
Box 68

Ferm en ted  
trip h o sp h a te  

m ix tu re  
B ox 70

Ferm ented
m onophosphate

m ixture  
Box 72

I I I .  B a r l e y  C r o p  N o . 2 ,  S e t  1 , U n f e r t i l i z e d , J u l y  1 9 , 1 9 1 2

turns of crop. E ither the phosphorus affected by 
ferm entation is as readily available as that of the 
phosphate, or the phosphate unaffected meets the 
demands of the crop as efficiently as the original supply. 
W hen a second crop is grown the phosphorus involved 
in-ferm entation of the m ixture is apparently more 
available than th at of the phosphate added to fer­
mented manure. This condition m ay explain the 
delayed efficiency of rock-phosphate observed in 
field practice. It  probably results from the action 
of soil organisms and other factors b y  which the bac­
terial cells of the manure are destroyed and the ab­
sorbed and assimilated phosphorus is liberated in 
forms available to the crop. The final result is ap­
parently advantageous.

In the case of acid-phosphate the apparent effect 
of contact w ith ferm enting manure is to reduce seri-

more efficient than w ater as a solvent for phosphorus 
in fermented manures and m anure-phosphate mix­
tures.

A  saturated solution of CO, w as not superior to 
w ater as a solvent for phosphorus in manures and 
m ixtures which had ferm ented about two and one- 
half months, and in w hich bacteria  were active, but 
was superior when ferm entation had covered ten 
months and the bacteria had becom e practically inert. 
It  was five tim es as efficient as w ater or the a m m o n iu m  

carbonate solution in solvent pow er for phosphorus 
of rock-phosphate.

The addition of either chloroform  or fo r m a ld e h y d e , 

which practically inhibited bacterial action, greatly 
reduced the losses of w ater-soluble phosphorus in 
m ixtures of manure and rock-phosphate.

D ry bacterial cells of m anure organism s grown on
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agar media contained four to eight per cent. P ,0 5. 
The growth of m anure organism s upon m edia supplied 
with the soluble phosphorus of fresh m anure-rock 
phosphate m ixtures depressed the water-soluble phos­
phorus of the m edia b y  am ounts w hich were com parable 
to the losses of water-soluble phosphorus observed 
in fermenting manures. A b o u t one-half the phos­
phorus of fresh in tact bacterial cells was soluble in 
water. This phosphorus w as apparen tly  derived 
chiefly from inorganic phosphates adsorbed from the 
media. The rem aining phosphorus of the cells was 
probably present in nuclein com pounds.

Acid-phosphate incorporated w ith  ferm enting m anure 
underwent essentially the sam e changes of so lu bility  as 
did rock-phosphate. In the presence of chloroform , 
however, the acid-phosphate decreased m arkedly 
in solubility, while w ith  rock-phosphate no decrease 
occurred.

Application of m onocalcium  phosphate to barley 
in pot experiments g av e  greater im m ediate returns 
when the phosphate was applied w ith  previously 
fermented manure than when it w as applied in a fer­
mented m ixture of m anure and phosphate. The 
immediate returns from  tricalcium  phosphate were 
the same whether it w as applied w ith  previously 
fermented m anure or in a ferm ented m ixture. A  
second crop of barley from  the original application of 
reenforced manures g av e  a superior yield  from  the 
fermented m ixture for both phosphates.

The conclusions derived from  this w ork require 
confirmation under field conditions before th ey  can 
be applied to direct agricultural practice. H ow ever, 
so far as pot experim ents indicate conditions in field 
practice, the final results from  m ixing rock-phosphate 
with fermenting m anure appear to be advantageous. 
In the case of acid-phosphate it appears inadvisable 
to mix the m aterial w ith  ferm enting m anure. I t  is 
probably better practice to add it to the m anure at 
the time of application to the field.

Ihe authors desire to  express appreciation to P ro­
fessor E. B. H art for helpful suggestions and criticism  
received during this investigation. The results will 
appear in detail as a technical bulletin from  the 
Wisconsin Experim ent Station.
A g r i c u l t u r a l  C h e m i s t r y  a n d  B a c t e r i o l o g y  L a b o r a t o r i e s  
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1 his old and well-known m ethod of determ ining 
silver is, in bullion work, so far superior to the furnace 
assay that it is looked upon w ith reverential awe b y  
many, if not b y  users, and its ease of execution
^*th proper equipm ent com m ends it h ighly where 
much commerical bullion w ork on silver is required. 

The method is so thoroughly well know n th at a 
escription of it here m ay seem to be unnecessary, 
ut many thousand determ inations are annually

,, Published by  perm ission o f th e  D irec to r of th e  M in t an d  jo in tly  w ith  
e -^merican In s titu te  of M ining E ngineers.

Assayer, B ureau of th e  M int.

made b y  it in the U nited States Mint Service and its 
practice is there reduced to an art. This is necessary 
both for the sake of econom y of tim e and because high- 
grade w ork w ith it requires constant practice. I t  is 
useless for a person who uses it only occasionally to 
expect to attain  high accuracy w ith it, w ithout spend­
ing more tim e upon a determ ination than is warranted 
in a busy com mercial laboratory.

It  is alw ays em ployed in the Mint service whenever 
possible, but its chief field is in the determ ination of 
silver in standard silver (ingots and coin), w hich is 
900 fine in silver and 100 fine in copper, and I shall 
first briefly outline its use on this m etal and then take 
up various points in detail, especially as related to the 
accuracy of the results obtained.

For this determ ination 1115  m illigrams of standard 
m etal are weighed and transferred to  a glass-stoppered 
bottle, the m etal is dissolved in nitric acid and 100 cc. 
of a standard solution of NaCl run in. The bottle  is 
then vigorously shaken and a measured portion of a 
decim al salt solution added. The bottle is again shaken, 
more decim al solution added, and again shaken, if 
necessary. These operations are repeated until the 
silver is precipitated.

Standard m etal being 900 fine, 1115  mg. should 
carry 1003.5 mg. of silver, w hich is a convenient 
figure to w ork by. L egally, standard m etal m ay va ry  
3 in fineness above or below 900. P ractically, howeve^'TT}? 
it seldom runs below 898 or above 901 fine. Therefog§! 
the variation in actual silver present above or below
1003.5 mg. is not excessive. For testing the stan1̂ -fa?diTEa 
salt solution we weigh up 1004 mg. of proof siryeij.
F or convenience and accuracy we have single weiglitgj  S & 
of 1115  mg. and 1004 mg.

The bottles should be of perfectly  w hite glass, 
carefully made and well annealed; 8 oz. is a convenient 
size often used, the bottles are m ost conveniently 
handled in a circular frame or basket, holding ten.
F or dissolving the silver, both the am ount and strength 
of nitric acid used m ay v a ry  considerably w ithout 
apparent effect upon the accuracy of the results,
8 cc. a t 1.30 sp. gr. to 25 cc. a t 1.20 sp. gr. being 
allowable. Some operators heat the bottles to rem ove 
nitrous fumes, others do not.

The standard salt solution is designed to have 100 
cc. precipitate exactly  1 gram  or 1000 mg. of silver, 
b u t it seldom “ shows” this exact strength. The word 
“ shows” is used instead of “ is”  because the equivalent 
of the solution depends upon other factors besides its 
composition.

In general, tw o proofs should be used in every  set 
of 10 bottles, unless several sets are to be run in rapid 
succession, when one proof in each set m ay answer. 
Some operators run an independent proof occasionally 
during the day and om it the proofs in the sets, but this 
proceeding is objectionable.

The next step in the m ethod is the addition of xoo 
cc. of the standard salt solution (often im properly 
called “ norm al” salt solution). This is a very  simple 
operation, but it requires the utm ost care and con­
stant attention to  details if high accuracy is desired 
in the results. O nly a  m inute variation in the
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am ount of solution added will make a sferious variation 
in the fineness of silver shown.

The Stas pipette is the one universally used in the 
Mint service. It  is a simple pipette open at both ends 
and securely mounted on a wall bracket. The upper 
end is drawn out to .a  fine opening and is provided 
with a collar-cup to catch the drip. The lower end is 
com paratively large and must have a free and smooth 
discharge. The lower end is connected, through a 
rem ovable rubber tube, provided w ith a pinchcock, 
with an elevated tank containing the salt solution. 
No stopcocks, floats, or graduations of any kind can 
be used on or in the pipette if rapid work is to be done. 
It  is also questionable if any such arrangement can be 
as accurate as the simple filling of the Stas pipette and 
letting its contents run directly into the silver bottle.

In operating the Stas pipette the rubber tubing is 
slipped over the lower end and the pinchcock opened. 
A s soon as the solution comes out of the upper end of 
the tube, it is closed b y  the first finger of the left hand 
and the pinchcock closed. The operator must now 
be sure that there are no air bubbles in the pipette. 
If such should appear they must be allowed to collect 
a t the top of the pipette; the pinchcock must be 
opened, the finger mom entarily removed from the 
upper end of the pipette, and the pinchcock closed 
again. W hen the pipette is full of solution and the 
pinchcock closed, the rubber tube is withdrawn from 
the lower end of the pipette. This end must now be 
carefully examined to see th at there is no surplus 
solution adhering to it or th at the air has not com­
menced to ascend the tube.

If the lower end of the tube is in proper condition 
the silver bottle is now placed directly under it, the 
finger rem oved from the upper end and the solution 
allowed to flow into the bottle. The solution should 
flow out rapidly in a smooth, solid stream. Just as 
soon as the flow stops, the bottle must be removed 
from under the pipette. It  is absolutely fatal to 
accuracy to attem pt any adjustm ent of the drip of the 
pipette. There should be only just easy clearance 
between the bottom  of the pipette and the top of the 
bottle.

The pipette is supposed to contain 100 cc. and on 
various accounts it is desirable that it should be fairly 
accurate, but it is not at all necessary that it should 
be absolutely accurate. The absolutely essential 
point about it is that it should deliver exactly  the same 
am ount of solution to each one of the ten bottles 
composing a set. The amount delivered m ay be a 
trifle more or a trifle less than 100 cc. or it m ay vary 
slightly from a hot day in summer to a cold day in 
winter, but it should not vary  between the first and 
last bottles of a set. I t  is a  good plan to fill and em pty 
the pipette a few  tim es before beginning to fill the set. 
A fter withdrawing the bottle from under the pipette 
the stopper is dipped in distilled w ater and inserted 
into the neck of the bottle w ith care.

H aving filled the set, the carefully stoppered bottles 
are placed in a shaking machine and agitated for 
3 to 5 minutes to settle the precipitate. The bottles 
are next placed upon a black shelf, technically called

a “ board,” w ith a black background about as high as 
the shoulder of the bottle and about 3 inches back of 
the bottle, the whole being installed in a window, 
preferably w ith a northern exposure.

Up to this point in the m ethod, the procedure is 
substantially the same in all the laboratories, but 
from here on there are slight differences in the manipu­
lations. In common w ith m any volum etric methods, 
there is difficulty in this one in determ ining the end 
point. In m any descriptions of the method the 
operator is directed to add decim al salt solution in 
small measured am ounts, w ith agitation between the 
additions, until no more precipitate is formed on adding 
the salt solution. Too much salt has now been added 
and this excess m ust be determ ined b y  the addition 
of small measured am ounts of decim al silver solution 
and the am ount of silver present in the m etal deter­
mined b y  balancing these amounts.

This m ethod is open to tw o serious objections. 
W hen exactly  the proper am ount of salt has been 
added to precipitate the silver present, a condition of 
equilibrium in the solution results, w hich is disturbed 
b y  the addition of either reagent w ith  the separation 
of a precipitate. This obscures the end reaction. 
These alternate dosings and shakings consume too 
much time for rapid work, and after m any shakings 
the solution does not clear well.

In  the Mint service, therefore, the operation known 
as “ reading the cloud” has been substituted for these 
alternate dosings of the solution. This operation is 
far more rapid, but it requires a great deal of skill 
and constant practice to yield  the best results. In 
reading the cloud, after the addition of the 100 cc. of 
standard salt solution and shaking, a measured amount, 
1 or */j cc., of decim al salt solution is added to each 
bottle. The delivery end of the pipette is placed 
against the neck of the bottle as far down as possible 
and the solution allowed to flow gen tly  down the side 
of the bottle so th at it will rem ain on the surface of 
the solution in the bottle w ith the minimum amount 
of m ixing; b y  a slight rotary  m otion of the hand the 
decimal solution is then m ixed w ith the upper portion 
(about */,) of the bottle solution. This produces a 
cloud of A gC l in the solution and the next step is 
based upon the appearance of this cloud. Here the 
skill and visual condition, together w ith the personal 

equation, of the operator are of the utm ost importance.
If the cloud be very  h eavy  tw o or more portions of 

decimal salt solution are added, the am ount depending 
upon the density of the cloud, and the bottles shaken 
in the machine again. I f the cloud is light, only one 
dose of decimal is used. If the cloud is very  light the 
bottle is again shaken b y  hand to bring more of the 
solution into reaction and the cloud again examined. 
A s the result of this treatm ent one dose of decimal 
m ay be used, or the bottle m ay be shaken by hand 
again to bring the balance of the solution above the 
precipitate into the reaction. Here again a dose of 
decimal m ay be used, or the final reading of the cloud 
m ay take place. In  the final reading the operator 
estimates from the density of the cloud w hat portion 
of the dose of decimal solution w as consumed in pre"
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cipitating the silver. M any operators estim ate to 
0.25 cc., others claim to be able to estim ate to o.x. 
The results of the investigation given beyond indicate 
that on standard m etal estim ating to 0.1 is not profit­
able under present conditions.

All the bottles are eventually  brought down to the 
final cloud, and a t the end the am ount of decim al 
solution added to each bottle is recorded. The records 
of the assays are then com pared w ith  the proofs and 
the fineness of the samples determ ined. The actual 
fineness of a sample is shown entirely b y  the am ount 
of decimal solution used as com pared w ith  the am ount 
of decimal required b y  the proof. I t  is entirely inde­
pendent of the am ount of standard solution used. 
Therefore in determining the fineness of a  sam ple we 
simply compare the am ount of decim al used w ith  the 
amount used in the proof, m aking allowance for the 
0.5 mg. more of silver in the proof above the silver in 
1115 mg. of metal at the exact standard of 900, and 
taking into consideration the w eight of the sample 
used. For instance, if the sample required 0.5 cc. 
less than the proof, the sample would be reported at 
900. This is not strictly  exact because 0.25 cc. of 
decimal salt solution equals 0.25 mg. silver, but 0.25 
mg. is only 0.22 fine on 1115  mg. and 0.5 cc. would 
be only 0.44 fine. H ow ever, this variation  is too 
slight for practical consideration, and in general the 
finenesses are read d irectly  from  the difference between 
the sample and proof. Generally also, the differences 
are read in quarters of a cc.

Practically we deduct 2/4 from  the am ount of decim al 
solution used on the proof and call it standard. Then 
for each quarter’s difference from  standard we add or 
subtract, as the case m ay be, from 900 in accordance 
with the following tabulation:

For 1/4............................... 0 .2
For 2 /4 ............................... 0 .4
For 3 /4 ............................... 0 .7
For 4 /4 ..............................  0 .9
For 5 /4 ............................... 1 .1

F o r 6 /4 ........................... 1.3
F o r 7 /4 ..........................  1 .5
F o r 8 / 4 ........................... l .S
F o r 9 /4 ..........................  2 .0
F o r 1 0 /4 ........................... 2 .2

A second method of determ ining the end point, 
which appears to be even more exact, b u t which re­
quires more time, consists in adding only 0.25 cc. of 
the decimal solution after m achine shaking, then 
estimating the num ber of quarters the solution will 
stand. These are added and the bottles shaken in 
the machine. This is continued until the quarter 
added after shaking produces no precipitate, in which 
case the last quarter is not counted, or else such a 
slight precipitate is produced th at the quarter is 
counted but the bottle is not shaken again. The read- 
mg.of the results is the same as before described.

In both these m ethods great care is exercised to 
avoid the addition of so m uch salt as to require back- 
titration with decimal silver. B ack  titration  is re­
garded with much disfavor.

In the regular work of the M int Bureau it becam e
esirable to ascertain just how m uch reliance could be

P aced upon the results obtained b y  the G ay-Lussac
method as ordinarily executed in the service and an
extensive investigation was undertaken for this pur­
pose.

Six samples, representing three m elts of ingots, were

distributed am ong four laboratories in the service 
w ithout informing an y of the institutions just w hat 
the samples were. Table I sum m arizes the results 
reported :

T a b l e  I — A s s a y s  o f  T h r e e  I n g o t  M e l t s

No. 1 No. 3

F ineness A B A B A B
89S.3 1
898 .4 2 1 2 2 1
898 .6 2 4 2 2 3 2
898.7 1
898. S 2 1
898 .9 5 5 5 5 6 6
899 .0 2
899.1 10 9 8 7 S 7
899.2 1 2 1
899 .3 1 1
899 .4 1 - 1
899.5 1 1
899 .6 2

T o ta l......... 20 21 21 21 21 19

N otw ithstanding the great preponderance of results 
from  898.9 to 899.1 shown here, the ingot m elts were 
reported b y  the assayer of the m int where th ey  were 
made as follows:

No. 1 898 .5  fine in  s ilver .
No. 2 898.25  fine in  silver
No. 3 898.. 5 fine in  silver

This table was subm itted to the various assayers for 
criticism  and com m ent and suggestions for im prove­
m ents in the method. F ive reasons were advanced to 
explain, in part a t least, the differences shown in the 
table, as follows:

(1) Difference in samples taken for assay.
(2) Non-hom ogeneity of the m etal.
(3) W orking on a sample on different days.
(4) The personal equation of the operator.
(5) Accidents.
Tw o assayers suggested th at perhaps under the 

actual, every-day working conditions of our service, 
the m ethod is not so accurate as it is supposed to be.

I t  was quite impossible a t this time to deal w ith the 
personal equation of the operator or the chapter of 
accidents, but, in order to meet the first tw o of these 
reasons, a small bar of standard silver was prepared 
in the Bureau laboratory w ith especial care to avoid  
segregation of the m etal. I t  w as then rolled out and 
cu t into small oblongs, of w hich 30-35 were required 
to weigh 1115  mg. To meet the third reason, four 
samples of the oblongs, each weighing approxim ately
T a b l e  I I —t A s s a y s  o f  2 2  S a m p l e s  o f  a  S m a l l  B a r  o f  S t a n d a r d  S i l v e r

3 assays showed 899.1
6 assays showed 899 .3
6 assays showed 899.5  

10 assays showed 8 9 9 .6
1 assays showed 899.7
4 assays showed 899.8
7 assays showed 899 .9  

14 assays showed 900 .0
2 assays showed 900.1
4 assays showed 900.2
8 assays showed 900.3
1 assay  showed 900 .4

66

3-75 gram s, sufficient for three determ inations of the 
silver, were sent to each one of the same four labora­
tories at one tim e. Subsequently, one laboratory ran

fine in  silver
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two more samples. In all 66 assays were made and 
practically all of the bar was used for these assays. 
Table II summarizes the results reported.

This table was also subm itted to the four assayers 
for comment and criticism, and the investigation was 
continued upon six sets of ingot samples and six 
special samples. These samples were sent out to the 
four institutions for com parative test assays, in a long 
series. In no case was any institution informed as 
to the source of the metal, or given the results of any 
previous assays. The samples were sent out in lots 
of four in all cases but one. In several cases all four 
samples in a lot were the same and in tw o cases this 
fact was stated in sending them out. In m any cases 
two or three samples in a lot would be the same, but 
this fact was not disclosed. In one case six samples,

T a b l e  III— A s s a y s  o f  T h r e e  M e l t s  o f  I n g o t s  
M elt No. 132

T est assays
O riginal assays <■ *---------------------------- »
M int of origin M int of origin In dependen t

Fineness A B A B A B T otal
898 .3 2 1 1 1 5
898.4 2 2
898.5 1 1
8 98 .6 1 2 x3 4 10
898.7
S9S.8
898 .9 3 9 12
899 .0
899.1 1 1 3 1 2 2 8
899.2
899.3 3 ' 3
S99.4
S99.5 I 1 2 2 2 6

T o ta l___ 2 2 6 6 13 22 47
R ep o rt S99.3

M elt No. 133
898.3 1 2 1 4
S9S.4 3 1 4
S98.5 2 1 3
898 .6 1 6 2 S 5 21
898.7
S98.8
898 .9 3 4 y
S99.0 1 1
S 9 9 ,1 I 1 2 4 6
S99.2
899 .3 1 1
S99.4
899.5 I 1
900 .0 1

— — —  _ _ __

T o ta l . . . . 2 2 6 6 IS 18 4S
R ep o rt 899.1

M elt No. 13S
S98.6 9 2 11
898 .7
S9S.8 1 I
898 .9 4 7 11
S99.0 2 2 4
S99.1 1 6 6 2 5 19
899.2 1 i

899.3
S99.4
S99.5 1 2

— — —  — _ ,_
T o ta l___ 2 2 6 6 IS 17 47
R ep o rt S99.5

representing the three regular samples of a melt of 
ingots, were sent out with this statem ent, but it was 
not shown which were the duplicate samples.

In the ordinary operations of m elting ingots and 
taking samples from the melts, it is quite possible that

there m ight be some slight difference in the samples 
themselves. The two following tables, however, indi­
cate th at in the present condition of the method such 
differences would be m asked b y  differences in the 
results due to the m ethod itself.

The regular samples from  a m elt of ingots are gen­
erally too small to allow a sufficient number of test 
assays to be made. From  three m elts one mini 
supplied larger samples and th ey were sent to the four 
laboratories for test assays and T able III  summarizes 
the results reported, together w ith  the original assays 
made at the mint of origin of the samples.

This table indicates th at there w as a very decided 
tendency at this m int to report their ingots high.

Another mint supplied tw o sets of ingot samples 
that were sent out to the four laboratories in the 
general series of samples, and Table IV  summarizes 
the results reported and gives the original assays 
made at the mint:

T a b l e  IV  

M elt No. 175

T e s t assays
Original assays .---------------------------------- *------------------------- ■n
M int of origin M int of origin Independen t

Fineness A B C A B C A B c Total
898 .4 1 1
898.5
898.6 1 1
898.7
898. S
898 .9 5 l 6
899 .0 1 1
899. 1 1 2 2 1 5
899.2 1 I
899.3 1 1 1 3 1 3 2 9
899.4
899.5 1 8 7 1 17
899 .6 1 1 3 3
899.7 2 1 2 5
899.8 3 3 4 10
899.9 2 2
900.0 1 5 6
9 0 0 .1
900.2
900.3
900.4 2 2 4

T o ta l___ 2 2 2 6 6 '6 is 17 IS 71
R eport S99.3

M elt No. 176
S98.9 3 3 3 9
899.0
8 9 9 .1 1 3 1 5
899-.2
899.3 2 1 1 2
899.4
S99.5 6 2 11 19
899.6 2 2 1 2 1 2 > 6
899.7 2 3 1 6
899.8 2 1 1 1 4
S99.9 1 1 2
900.0 5 11 2 IS
900.1
900.2 1 1

— _ _ _ __ _ — —
T o ta l___ 2 2 2 6 6 6 IS IS IS 72
R eport 899.5

A  third set of samples from the second mint wa*
sent out in a set of six  and the institutions informed 
that th ey represented a m elt of ingots, but the du­
plicates were not indicated ; T able V  summarizes the 
results reported, together w ith the original mint assays-
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T a b l e  V — S a m p l e s  o f  a n  I n g o t  M e l t  A s s a y e d  a t  o n e  T i m e  
M e l t  No. 1 8 0

T es t assays
Original assays
M int of origin M int of origin In d ep e n d en t

Fineness A B C A B C A B C T o ta l

S99.3 1 1 1 1
899.4 1 2 3
899.5 6 5 9 20
899.6 2 1 1 1 1
899.7 1 1 2
899.8 2 1 4 5 4 16
899.9 3 2 5
900.0 6 4 5 3 2 2 22
900.1 1 1 2

T otal.. 2 2 2 6 6 6 18 18 18 72
Report 8 9 9 .5

The general tendency of the original reports on these 
three melts appears to be a trifle low, and this is sup­
ported by the low test assays on m elt No. 176, made 
at the mint of origin.

In the last three tables all the results reported have 
been given. U ndoubtedly, some of these were vitiated  
by accidents. These tables also indicate th at there is 
a general laboratory equation sim ilar to the personal 
equation of an operator.

In order to elim inate differences in the sam ples as 
a source of difference in the assay results, one m int 
prepared two special sam ples in regard to w hich the 
assayer wrote: “ I have prepared tw o samples of
standard silver (6 oz. each). I used coin ingot m elted 
a number of times w ith  stirrin g; finally cast in a closed 
mold that had been chilled w ith  ice; poured silver at 
as low temperature as possible. R esulting bars were 
very free from oxidation. T h ey  were, however, 
thoroughly cleaned, and rolled into strips and c u t.”

The samples cut into oblongs, of .which it took 
about 30 to weigh n  15 mg., w ere ' forwarded to the 
Bureau, where th ey were further m ixed and portions

T a b l e  V I— A s s a y s  o k  T w o  S p e c i a l  B a r s  

B a r  No. 1. T e s t assays 
Original assays  -------------------------------*   *

M int of M int of L ab . L ab . L ab .
Fineness origin origin No. 1 No. 2 No. 3 T o ta l

898.4 6 3 9
898.5 2 2
898.6 10 18 11 19 20 63
898.7 8 8
898.8 1 . 1
898.9 6 11 17
899.0
899.1 2 6 S

Eliminated 3 4 7

Total . . 10 30 30 30 30 120
B a r  No. 2

898.4 1 5 4 9
898.5 4 4
898.6 5 14 12 14 12 52
898.7 2 2
898. S 3 3
898.9 4 7 1 13 21
899.0 1 1
899.1 3 15 18

Eliminated 4 3 3 10

Total . . 10 30 30 30 30 120

laboratory m ade 30 determ inations of silver on each 
of the larger samples, m aking a total of 120 assays 
on each, b u t in tabulating the results reported a certain 
am ount of discretion has been exercised. In  general, 
results a t either extrem e in fineness have not been 
included in the table unless th ey were reported at 
least tw ice b y  tw o laboratories, or five tim es b y  one 
laboratory; Table V I  sum m arizes the results, together 
w ith the original assays at the m int of origin.

A nother mint (Lab. No. 3 above) prepared tw o 
special granulation samples in regard to w hich the 
assayer wrote: “ I am subm itting tw o samples of
six ounces each of the m ost homogeneous standard 
silver th at I have been able to prepare. These samples 
were prepared as follows: Standard silver ingot
granulations assaying from 899.1 to 899.8 and weighing 
in the aggregate a little  over 30 ounces were m elted 
w ith frequent stirring and the entire m elt granulated. 
Tw o samples of about 8 ounces each were then segre­
gated  and 18 assays m ade from  different portions of 
the sample. Seventeen of these assays went 899.5.”  

These samples were divided into portions weighing 
3.75 gram s each, a t the Bureau. It  w as not noticed 
a t first th at th ey were really only one sam ple so th at 
11 envelopes of No. 1 and 9 envelopes of No. 2 were 
sent to each one of the four institutions. Table V II  
sum m arizes the results reported, together w ith the 
original assays at the m int of origin.

T a b l e  V I I — A s s a y s  o f  S p e c i a l  G r a n u l a t i o n s  

T est assays
O riginal assays--------------------------------- *-------------------------------- >

M int of M int of Lab. Lab. L ab.
F ineness origin origin No. 1 No. 2 No. 3 T o tal

P o rtio n  No. 1
89S .6 8 8 1 17
898.7 6 6
898 .8 5 5
898 .9 3 13, 13 29
899 .0 3 3
899.1 10 1 12 12 • 35
899 .2 2 2
899 .3 2 6 8
899 .4
899.5 17 23 1 1 25

E lim inated 1 2 2

T otal IS 33 33 33 33 132
P o rtio n  No. 2

S 98.6 2 11 5 18
898.7 5 , 5
898 .8 7 ‘ 7
898 .9 3 7 12 22
899 .0
899.1 9 15 14 38
899 .2
899 .3 1 1
8 99 .4
899 .5 17 16 1? 17

E lim in a ted 1

T o ta l . . . 18 27 27 27 27 108

In this case Lab. No. 3 is the one th at supplied

01 3-75 grams weighed out into sm all envelopes, g ivin g 
ample material for three determ inations of silver in 
each envelope. Ten envelopes were sent a t various 
times to each one of the four institutions. E ach

special bar samples, 
special granulation samples is the sam e one th at 
forwarded ingot samples Nos. 132-3-8, and the same 
tendency to obtain high results is again shown here.

More than 15 years ago, in an article entitled “ T he 
A ctu al A ccu racy of Chemical A n alysis,1 in speaking

1 Trans. A .  / .  M . E .,  26, 370 (1896); Jour. A m . Chem. Soc., 18, No. 9, 
p . 80S (S ep t., 1896).
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of the “ degree of accuracy exhibited in actual every­
day practice” I said: “ In estim ating this, little or no 
weight will be given to the evidence afforded b y  the 
agreement of duplicate or multiple determinations 
b y  the same chemist, for I am convinced that such 
agreement is a delusion and a snare.”  The results 
reported on these granulation samples afford a striking 
illustration of the soundness of this position. This 
m etal was assayed 257 times. The laboratory pre­
paring it reported it 56 times at 899.5 fine> t>ut t he 
other laboratories reported this figure only 3 times 
and one of these determinations was questioned by 
the laboratory reporting it. On the other hand the 
work of the other laboratories shows that this m etal 
could not have been over 899 fine.

Another small bar was prepared in the Bureau 
laboratory with especial care, and cut up into oblongs 
requiring 30-35 to weigh 1115 mg. These oblongs 
were thoroughly mixed and small samples of 3.75 
gram s put into envelopes. Ten of these envelopes 
were sent to each one of the four institutions and 
Table V III  summarizes the results reported:

T a b l e V III— A s s a y s B u r e a u  S p e c i a l S a m p l e  N o . 2

L a b . L a b . L a b . L a b .
Fineness N o .  1 N o .  2 N o .  3 N o .  4  T o t a l

8 9 9 . 1 6 6
8 9 9 . 2
8 9 9 . 3 6 3 9
8 9 9 . 4
8 9 9 . 5 5 6 11
8 9 9 . 6 4 4
8 9 9 . 7 12 12
8 9 9 . 8 9 9
8 9 9 . 9 6 6
9 0 0 . 0 2 13 9 17 41
9 0 0 . 1
9 0 0 . 2 5 3 8
9 0 0 . 3
9 0 0 . 4 1 ? • 13  14

T o t a l . . . . . . .  3 0 3 0 3 0 3 0  1 2 0

ae laboratories here are numbered the same as

Lab. Lab. Lab. Lab.
Fineness No. 1 No. 2 No. 3 No. 4 T otal

89S.6 4 4
S98.7
898 . S
898 .9 7 2 9
899 .0 1 1
S99.1 1 12 S 21
899 .2 4 4
899 .3 6 6 12
899 .4 2 2
899.5 9 12 6 20 47
8 9 9 .6 6 6
899.7 3 3
899. S 1 4 5
8 99 .9
9 00 .0 2 2
L ost 4 4

— — — _
T o ta l . . , . . 30 30 30 30 120

The laboratory numbers here are the same as in 
Table V III.

A s a final test of the m ethod when practically 
applied to ingot work, three large sam ples were taken 
from each one of nine m elts of ingots and assayed 
in various laboratories. E ach  sam ple was assayed in 
duplicate five tim es and in triplicate once, making a 
total of 39 determ inations on each m elt. Table X 
summarizes the results reported.

T a b l e  X — A s s a y s  o f  N i n e  C o i n  I n g o t  M e l t s

M elts ,

Fineness 1 2 3 4 5 6 7 8 9 Total
897.7 1 1
898.0 1 1 1 3
898.2 1 2 1 4
898.4 1 1
898 .6 7 5 7 3 1 23
898.7 1 1
898.8 3 3 1 7
898 .9 7 1 3 1 3 15
899 .0  • 2 2 1 5
899. 1 12 4 10 15 10 7 2 3 5 6S
899.2 2 2
899.3 1 4 4 . 6 7 2 8 32
899.4 2 5 7
899.5 5 8 8 13 14 15 16 19 17 115
899 .6 2 1 4 3 5 15
899.7 3 3 3 1 10
899.8 1 1 4 1 1 8
900.0 7 1 3 1 5 2 8 27
900.1 1 4 5
900.4 2 2

T o ta ls . . . 39 .39 39 39 39 39 39 39 39 351

 ----- —-----   ̂ w ^ i i u m w v i v u  tn v , OCH1

Table V II , and No. 4 is the m int of Table V II.
A  final sample was made up at the Bureau by uniting 

the oblongs left over from the regular coin work of 
the Bureau, which were of widely varying finenesses, 
and, w ithout any special m ixing, weighing up samples 
° f  3 -7 5  grams. Ten envelopes were sent to each one 
of the institutions and Table IX  summarizes the 
results reported. A s this sample had no claim to 
uniform ity all the results reported are given:

T a b l e  I X — A s s a y s  o f  B u r e a u  C o in - S c r a p  S a m p l e

As a general conclusion from  the elaborate tests 
herein given, it m ay be stated th a t two operators, 
working upon identical samples of standard silver and 
making four determ inations each, m ay differ as much 
as r fine in their reports. H avin g thus established 
the capacity  of the m ethod as a t present carried on 
as a commercial operation, atten tion  is now being 
given to improving the m ethod so as to reduce the 
allowable limit of difference.

It m ay seem unnecessary to m any of m y readers, 
but m y experience shows th at there is much confusion 
and uncertainty in stating the com position of precious 
metal bullion. This is generally done in parts per 
thousand or fineness. It  is sim ilar to stating com­
position by percentage, b u t in bullion work there is 
much misunderstanding regarding the decimal point. 
Intelligent people who would never think of expressing 
fifty  per cent, by “ .5 0 % ” habitually  write five 
hundred, fine as “ .500 fine” and incorrectly use the 
decimal point before the num erals in stating fineness. 
W henever “ fine” or “ fineness”  or an equivalent ex­
pression is used in stating the com position of bullion 
the decimal point should not be used unless the figures 
following it express a qu an tity  less than 1 fine. Again, 
some people incorrectly use a prelim inary “ o" when 
the fineness is less than 100. T h ey  would not think of 
writing “ 05 p ercen t.” but habitually  do write “ 052 fine. 
Again, some people m istake fineness as being the exact 
equivalent of percentage, but it is only I/I0 of Per" 
centage, and in considering the accuracy here shown 
by the Gay-Lussac m ethod it should be noted that 1 
fine is the equivalent of 0.1 per cent.

W ashington , D. C.



Mar., 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 215

THE S U L F O C Y A N A T E -PE R M A N G A N A TE  M ETH OD  FO R 
C O P P E R  IN O RES

B y  D .  J .  D e m o r e s t  

R cccived N ovem ber 12. 1912

Under the proper conditions copper m ay be precipi­
tated practically com pletely as cuprous sulfocyanate. 
It is true that a q u alitative  test for copper m ay be 
obtained in the filtrate from  the cuprous sulfocyanate 
when potassium ferrocyanide is added b u t this is 
due to the presence of only about o .oooi gram  of copper, 
as the writer has found b y  colorim etric m easurements. 
Furthermore, the w riter has found th at p ractically  
all the-copper added to the solution before precipita­
tion may be recovered from the precipitate b y  elec­
trolysis.

In Guess’s m ethod for copper the cuprous sulfo­
cyanate is dissolved on the filter w ith  sodium  hydroxide, 
leaving the cuprous hydroxide on the filter while 
sodium sulfocyanate goes through. The filtrate is 
then made acid w ith sulfuric acid and is titrated  w ith 
permanganate. T heoretically, the titration  reaction is

5HCNS + 6KM nO < +  4H 2SO j

= SH CN  + 3K ,SO , +  6 M nS0 4 +  4H ,0

Practically, however, the oxidation in acid solution is 
never complete and an em pirical factor m ust be used 
amounting to about 5 per cent, of the copper present, 
according to Guess’s tables of correction given  in 
Low’s “ Technical M ethods of Ore A n alysis.”  This 
is also in accord w ith  the w riter’s experience and w ith 
that of Grossman and Hoi ter.1

It occurred to the w riter th at if th e perm anganate 
were added to the sulfocyan ate in alkaline solution 
until about as m uch w as added as w ould be required 
to titrate the sulfocyan ate in acid solution and if 
then the solution were m ade acid, the titration  m ight 
be finished b y  a few  drops, and in this w ay  com plete 
oxidation might be brought about and no em pirical 
factor would be needed.

It is easy to tell when enough perm anganate has 
been added to the alkaline solution b y  testing a drop 
or so on a white plate w ith  a drop of an acid solution 
of ferric chloride. If not enough perm anganate has 
been added a red color develops b u t if enough has 
been added no red appears. I t  is not necessary to 
run in permanganate until no red is obtained on test­
ing. When the red color of the test is ve ry  faint 
the solution m ay be m ade acid and the titration  finished 
in the usual w ay.

P R O C E S S  O F  A N A L Y S IS

Weigh out enough of the ore to  have from  0.05 
gram to 0.30 gram  of copper present. Transfer the 
sample to a 200 cc. beaker, add 5 cc. of strong h ydro­
chloric acid and heat for several m inutes; then add 
10 cc. of nitric acid and digest on a hot plate until 
the ore is com pletely decomposed. Then add 10 cc. 
of 1 : i sulfuric acid and boil dow n until fum es of
C A

3 appear. Cool and add 5 0  cc. of w ater containing 
3 grams of tartaric acid and heat until all soluble 
salts are in solution. Cool and add am m onia until

1 Grossman and H olter, Chem. Ztg., 33, 348.

the solution turns a deep blue, then add sulfuric 
acid until the liquid becomes acid, then add one cc. 
more. Now add one gram  of sodium sulfite dissolved 
in 20 cc. of water, heat nearly to boiling and add slow ly 
and w ith vigorous stirring one gram  of potassium  
sulfocyanate dissolved in 20 cc. of water. H eat at 
a nearly boiling tem perature for several m inutes to 
coagulate the precipitate and dissolve out of it all 
tartaric acid. Cool som ewhat and filter while still 
hot through, preferably, an asbestos m at on a  Gooch 
filter. W ash well w ith w ater and rinse out the suc­
tion  flask. Then pour through the crucible 30 cc. 
of a hot 10 per cent, sodium hydroxide solution and 
wash well w ith water.

W arm  the filtrate to about 500 and proceed to t i ­
trate. Run in slow ly a t first, while the flask is vigor­
ously shaken, the standard perm anganate solution. 
T he solution in the flask turns green, due to the ICM nO , 
formed. A fter  about 10 cc. have been run in take out 
a drop of the solution and place it in a drop of strong 
hydrochloric acid on a paraffined w hite p late; then 
add a drop of a 10 per cent, solution of ferric chloride. 
I f  a red color appears continue to add the perm an­
ganate solution, testing after each 5 cc. until- the red 
becomes weak, then test more frequently until the red 
color of a test becomes quite faint. Then add 30 cc. 
of 1 : 1 sulfuric acid and shake the flask until the MnO, 
all dissolves and finish the titration  to the usual per­
m anganate end point. This w ill require perhaps one 
cc. of perm anganate.

N O T E S  ON  T H E  P R O C E S S

F airly  close results m ay be obtained b y  titrating 
carefully  in the alkaline solution until five drops of 
the solution give no red color w ith  ferric chloride. 
B u t it is easier and more accurate to titrate  only to 
an approxim ate end in the alkaline solution and finish 
in an acid solution. It  is im portant th at the pre­
cipitation be made as above directed w ith vigorous 
stirring and th at the solution be digested on the hot 
plate after precipitation.

U nder the conditions of titration  the perm anganate 
is reduced in the alkaline solution thus: 2KM nO , = 
K 2M rib4 +  Mn0 2 +  2O. The oxygen possibly o x i­
dizes the sulfocyanate to tetrathionate, b u t of this the 
w riter is not sure. He has proved b y  filtering off 
the Mn0 2 and weighing it and b y  titratin g  the mangan- 
ate in the filtrate th at the perm anganate is reduced 
as above w ritten. However, it m akes no difference 
w hat reaction takes place in the oxidation of the sulfur 
in the alkaline solution, since the test for sulfocyanic 
acid is m ade on the plate in a strongly acid  solution 
and the reaction between the sulfocyanate and the 
m anganate and manganese dioxide com pletes itself 
there. The manganese dioxide does not settle out 
of the solution unless it stands a long tim e.

According to the titration reaction g iven  in the 
second paragraph of this article 5 atom s of copper 
are equivalent to 6 molecules of K M nO , or 30 atom s 
of iron. Therefore, the iron value of the perm anganate 
m ultiplied b y  Cu/6Fe or 0.1897 gives the copper 
value of the perm anganate. The perm anganate used
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b y  the writer equals o .oi gram  Fe, or 0.001897 gram  
Cu per cc.

A fter the filtrate has cooled, a crystalline compound 
of tartaric acid m ay separate. Hence the solution 
should be filtered hot.

The following are some results obtained b y  the above 
m ethod:

C o p p e r  C o p p e r

Present Found P resen t Found

0.1S70 0.1S90 0.0600 0.0596
0.1503 0.1511 0.0605 0.0603
0.1117 0.1125 0.1610 0.1630
0.1666 0.1668 0.0663 0.0667
0.0940 0.0930 0.1103 0.1109
0.2005 0.2017 0-1140 0.1147
0.2220 0.2224 0.1000 0.1001
0.2220 0.2210 0.1000 0.0999

The later results were the most accurate and were ob­
tained after the necessity of digesting the precipitate 
in the hot solution was learned.

No elements interfere except, according to Low, 
silver. This is easily removed. I f there is any lead 
present, the lead sulfate obtained after evaporating 
to fumes of SO, should be filtered off after the soluble 
salts are dissolved.

D e p a r t m e n t  o f  M e t a l l u r g y  

O h i o  S t a t e  U n i v e r s i t y  

C o l u m b u s

E L E C T R O L Y T IC  D ETER M IN ATIO N  * OF C O PPER  IN ORES, 
CONTAINING ARSEN IC, ANTIM ONY OR BISM UTH

B y  D .  J .  D e m o r e s t  

R eceived N ovem ber 1, 1912

Ores containing arsenic, antim ony or bism uth have 
been best analyzed for copper b y  the iodide method, 
for the copper m ust be separated from these elements 
before it can be accurately determined electrolytically. 
To separate the copper from these interfering elements, 
b y  the old method of precipitating the sulfides, dis­
solving the arsenic and antim ony sulfides in sodium 
sulfide and then the copper sulfide in potassium c y ­
anide is tedious and troublesome. The following 
m ethod greatly  reduces the tim e required and gives 
very  accurate results.

I t  has long been known that under the proper 
circumstances copper can be precipitated free from 
arsenic, antim ony or bism uth as CuCNS. Guess’s 
perm anganate method is based upon this precipita­
tion. However, owing to the solubility of the CuCNS 
as ordinarily precipitated, a considerable correction 
factor was necessary.

W hile working on the analysis of B abbitt m etals 
high in antim ony and tin, the writer observed that 
the copper was apparently entirely precipitated as 
CuCNS from a solution containing ammonium sulfate, 
ammonium tartrate and tartaric acid. W hen the 
m ethod was applied to the analysis of impure ores, it 
proved successful. I t  is as follows:

One gram, or more if the sample is low in copper, 
is treated w ith 7 cc. of H C1 and 7 cc. of H N 0 3. Thé 
solution is heated until the ore is decomposed, then 
5 cc. o f sulfuric acid are added and the liquid evaporated 
to copious fumes of sulfuric acid. Now 30 cc. of water 
containing 3 gram s of tartaric acid are added, and the

solution is heated until all soluble salts are dissolved; 
then it is cooled som ewhat and am m onia is added 
until a lkalin ity  is reached. N ow  H,SO< is added until 
the solution becomes acid, and then one cc. more. 
To the solution, which will now be hot, is added 2 grams 
of sodium sulfite, and the solution is stirred until it is 
all dissolved. Then 1 gram  of K C N S  dissolved in a 
few cc. of w ater is poured in. The copper precipitates 
im m ediately as CuCNS. The solution is stirred vigor­
ously and heated to boiling; then the precipitate is 
allowed to settle for a few  m inutes. The precipitate 
is very  dense. The solution is filtered through a dense 
filter and washed several tim es w ith  a solution con­
taining about 1 per cent, of K C N S  and the same amount 
of tartaric acid.

Onto the filter paper, w hich should be held in a 
rather large funnel, is poured 18 cc. of 1 : 2 nitric acid 
and the funnel is im m ediately covered w ith a watch 
glass to prevent loss b y  spraying, due to  the vigorous 
action of the nitric acid on the CuCN S. When the 
acid has run through, the filtrate is heated to boiling 
and poured through again; the paper, funnel and watch 
glass are washed well w ith water, care being taken to 
keep the volum e of the filtrate as small as possible. 
The solution is now heated to  vigorous boiling for 
five minutes to destroy .the H CN S, w ater is added to 
make the volum e about 123 cc., and the copper is 
precipitated b y  electrolysis, using a gauze cathode, 
a drop of potential of three vo lts and a current of three 
amperes. Precipitation should be com plete in from 
th irty  minutes to an hour. The copper should pre­
cipitate in a beautiful and crystalline condition. If 
it does' not the solution w as not boiled long enough.

If the ore contains lead, some w ill precipitate when 
the sodium sulfite is added, b u t this does no harm. 
The tartaric acid prevents the precipitation of antimonic 
acid.

The sulfocyanic acid m ust be com pletely destroyed 

before electrolysis or the copper will come down in 

a spongy and non-adherent form. Instead of dissolv­
ing the CuCNS in nitric acid, the precipitate and 
filter paper m ay be ignited in a porcelain crucible 

until all carbon is burned off and the CuO dissolved 

in 5 cc. of nitric acid, diluted and electrolyzed.

The following are some results obtained with the 
m ethod:

G r a m s  o f  M e t a l s  P r e s e n t G rams

C opper

Copper A rsenic A ntim ony B ism uth Iro n Lead FOliOT

0.1000 0.07 0 .07 0 .100 0 .1 0 0 0 .100 0.099/
0.1000 0.07 0 .07 0 .100 0 .100 0.100 0.0999
0.1000 0.07 0 .07 0 .100 0 .100 0.100 0.0995
0.1000 0.07 0 .07 0 .100 0 .100 0.100 0.1000
0.1500 0.07 0 .07 0 .100 0 .100 0.100 0.1495
0.1500 0.07 0.07 0 .100 0 .100 0 .100 0.1495
0.1500 0 .07 0.07 0 .100 0 .100 0.100 0.1500
0.1500 0 .07 0 .07 0 .100 0 .1 0 0 0.100 0.1500
0.1500 0.07 0 .07 0 .100 0 .100 0.100 0.1499

It is the w riter’s belief th at this is the most a c cu ra te  

and usable electrolytic m ethod for copper, on oreS 
containing arsenic, antim ony or bism uth.

D e p a r t m e n t  o f  M e t a l l u r g y  
O h i o  S t a t e  U n i v e r s i t y  

C o l u m b u s
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AN ELECTROLYTIC M ETH O D  F O R  T H E  D E T E R M IN A T IO N  
OF TIN  IN CANN ED FOOD PR O D U C T S

By A l l e r t o n  S. C u s h m a n  a n d  E v e r e t t  B . A V e t t e n g e l  

R eceived N ovem ber 18, 1912

The issuance b y  the U nited States D epartm ent of 
Agriculture under date of Septem ber 30, 1910, of Food 
Inspection Decision, No. 126, governing salts of tin in 
food, which allows no more than 300 mg. of tin to the 
kilogram of m aterial, has been the occasion of a 
number of laboratories being called upon to m ake a 
special study of the subject. These investigations 
have necessitated thousands of determ inations of tin 
in every conceivable form  of canned food. The usual 
analytical method for estim ating very  small quantities 
of tin contained in foods is difficult, tedious, and re­
quires the evaporation of from 150 to 200 cc. of strong 
acids. When a considerable num ber of determ ina­
tions have to be made, the question of a hood and 
draft, which will take care of such large quantities of 
acid fumes, presents a very  difficult problem.

The gravim etric m ethod as used in the laboratories 
of this Institute is briefly as follows: The entire
contents of a can is pulped b y  m aceration in a large 
porcelain mortar: 50 gram s of the sample are trans­
ferred to a 9-inch evaporating dish. From  50-150 cc. 
of strong nitric, and from  20-50 cc. strong sulfuric 
acid are added, according to the nature of the sample. 
(Beets, spinach, asparagus, etc., require less acid 
than beans, sweet potatoes, com , or fruit, to which 
a large amount of sugar has been added.) The m ix­
ture in the evaporating dish is covered w ith  a w atch 
glass and heated over a strong Bunsen flame until 
sulfuric acid fumes begin to com e off. N itric acid 
is added repeatedly until the solution is colorless. 
The solution is diluted w ith a large volum e of w ater 
and neutralized w ith  strong am m onium  hydroxide, 
making a total volum e of 300-500 cc. The solution 
is made slightly acid w ith  H C1, transferred to a flask

F i g . 1— F r o n t  E l e v a t i o n

and a slow stream of TI,S passed through it for two 
hours. The flask is heated on the w ater bath  for an 

°ur or allowed to  stand over night to settle the tin 
sulfide. The solution is then filtered and the pre­
cipitate washed alternately  w ith a solution of am ­
monium acetate and w ater. The tin sulfide is dis- 
S0 vec  ̂ through the filter w ith three successive portions

of yellow  amm onium  sulfide and reprecipitated w ith  
glacial acetic acid. The tin  sulfide together with 
some precipitated sulfur is filtered on a weighed gooch, 
dried in a w ater oven, ignited over a M£ker burner, 
and weighed as stannic oxide, Sn 0 2. F acto r for 
m etallic tin, 0.7882.

If occasion requires, a single determ ination can be 
rushed through b y  the above m ethod in one working

day, but in the usual routine in which the sam ples 
are worked in batches, from  tw o to three days are 
consumed in getting  out results. The hoods and flues 
suffer great dam age from the acid fum es and the cost 
of the acids consumed in to ta l destruction of the 
organic m atter is v e ry  high.

These objections to the current m ethod of analysis 
led us to investigate all possible w ays of shortening 
and im proving the m ethod, w ith the principal object 
in view  of avoiding the destruction of the organic 
m atter b y  long digestion in nitro-sulfuric acid. 
In  the prelim inary experim ents, the expedient was 
tried of cooking the slightly  acid sam ple in an alum inum  
pan w ith the object of. separating the tin  from the 
organic m atter prelim inary to its re-solution in stronger 
acid and preparation for separation b y  electrolysis. 
It  w as believed th at this m ethod w ould aid in the sep­
aration of tin from the organic colloids in w hich it was 
held, but subsequent experim ent showed th at the 
prelim inary cooking in an alum inum  utensil was 
unnecessary and the simple m ethod as finally worked 
out is as follows: 50 gram s of the pulped m aterial
are placed in a 600 cc. beaker and brought to a slow boil 
w ith 50 cc. of concentrated hydrochloric and 25 cc. of 
nitric acid. The m ixture is stirred continuously and 
the boiling continued five m inutes unless there is dan­
ger of foam ing, in w hich case the flame is rem oved and 
the m aterial allowed to digest for ten m inutes. The 
solution is then diluted w ith about an equal q u an tity  
of water, made alkaline w ith  strong am m onia and 25 
cc. of saturated amm onium  sulfide. The m ixture 
is digested for a. few m inutes w ith  thorough stirring, 
and all insoluble organic m atter filtered out on a 
ribbed filter. The washing is done w ith  boiling w ater 
containing a little  am m onium  sulfide. A b ou t 150 
cc. of wash w ater are used in five separate washings,
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m aking the total solution to 400 cc. The solution is 
then electrolyzed hot, using 1.5 amperes at 6 volts. 
A  rotating cathode is used. The end of the revolving 
spindle carries a rubber stopper over which a clean 
weighed platinum  crucible is slipped. The apparatus 
which has been found convenient for carrying out the 
electrolysis of a number of determinations at the same 
tim e is shown in front elevation in Fig. 1 and in side 
elevation in Fig. 2. From  one to four hours is necessary 
to complete an electrolytic run, two hours being 
generally sufficient, except in cases in which the tin 
content is very  high. A t the end of a run the crucibles 
are cleaned by heating in a solution made by m ixing 
100 cc. of 10 per cent, oxalic acid w ith 100 cc. of con­
centrated nitric acid.

Numerous experiments were made with the electrolytic 
apparatus which showed th at tin could be recovered 
w ith  a fair degree of accuracy from an ammonium 
sulfide solution. Some of these results are given in 
Table I.

T a b l e  I
Sam ple T in added Tin found
No. mg mg Tim e taken

1........... ___  1.0 1.1 1 h ou r
2 ................... ___  1.0 1.0 1 hour
3 ........... ___  10.0 9 .8 2V 4 hours
4 ................... ....... 10.0 9 .9 2V 4 hours
5 ................... ......... 10.0 10.0 2V3 hours
6 ........... ___  10.0 10.0 2 l/ 3 hours
7 ................... ___  25 .0 24 .6 23/* hours
S ................... 50 .5 4 hours

The next step was to study the effect of organic 
food m aterial on the method. Tom atoes were put 
into glass bottles with 50 cc. of a ten per cent, sodium 
chloride solution, and 10 mg. of tin in solution were 
then added to  each bottle. The bottles were corked 
and autoclaved under pressure in a manner similar 
to the processing of canned foods. The results of 
analysis are given in Table II.

T a b l e  I I

Tin added Tin recovered Tim e of
mg. m g. electrolysis

*............................... 10 9 .9  2 hours
 2............   10 9 .2  2 hours
 3............................... 10 10.1 2 hours
 4............................... 10 9 .9  2 hours

In run No. 2 the cork blew out of the bottle during
T a b l e  I I I

T in f o u n d  Mg. per kilo
1 1-----------—' Time,

M a t e r i a l  R u n  I  R u n  I I  h o u r s

A pple b u tte r  A ..................................................... 17S iso 3
A p p le  b u tte r  B ..................................................... 142 142 2 .5
A pple b u tte r  A ..................................................... 16S 16S 2^5
A pple b u tte r  B ..................................................... 142 i 42 2 5
B lackberries ..........................................................  28 26 2 s
R h u b a rb  A .....................................................   170  . 174 2 .5
String  b ean s ..........................................................  72 64 2.5
Beef soup(o) (so lid )............................................ IS 22 2 .5
T o m ato  soup .........................................................  74 74 2 ^
Bouillon soup ........................................................ 2S 26 2 5
O x ta il soup (solid).............................................. 66 76 2 J
V egetable soup  (solid)....................................... 22 36 2 5
M ock tu rtle  soup (so lid )..................................  20 2o -> 5
B aked  beans w ith  to m a to  sauce .................  40 42 2 i
B ak ed  beans w ith o u t to m a to  sauce  s 10 2 5

(o) All th e  soups excep t th e  bouillon and  to m a to  were solid and  con­
ta in ed  large am ounts of m e a t an d  vegetables.

processing and it w as known th at a slight amount of 
the contents had been lost. These results were very

encouraging as the determ ination of sm all amounts of 
tin in the presence of an excess of organic food material 
must be but a fair approxim ation of the truth  at the 
best. The next step was to try  the m ethod on a large 
variety  of food products. The results of a number of 
duplicate runs are given in Table III.

The results given in Table III  show th at it is possible 
to produce satisfactory check results when working in 
duplicate by the method, and, in fact, the checks are 
generally much closer than can be expected when 
working w ith the longer gravim etric method. In 
each analysis the insoluble residue, consisting of food 
pulp, was carefully exam ined for tin, b u t if any was 
present it was in such small am ount th at it could not 
be found b y  qualitative tests.

In Table IV  the results are given of a series of analy­
ses of various foods when the gravim etric and electro­
lytic methods were both used.

T a b l e  I V
Tin found Mg. per kilo 

E lec tro ly tic  Gravimetric
M a t e r i a l m eth o d method

T om ato  so u p ....................................... ..............  145 130
R h u b a rb ................................................ ..............  112 102
S q u ash ................................................... ___ •. . . 316 314
S p inach .................................................. ..............  35 22
S tring  beans (liquid p o rtio n )........ .............. 94 70
S tring  beans (solid p o rtio n ).......... ..............  340 356
S tring  beans ( to ta l ) .......................... ..............  229 226
B eets (solid p o rtio n )........................ ..............  70 2 7 (a)
C uthbert raspberries........................ ..............  24S 222
Sw eet p o ta to e s ................................... ..............  40 39
Pork  and  beans .................................. ..............  64 73
S au e r-k rau t.......................................... ..............  12 13
A p p le -b u tte r....................................... ..............  142 112
B lackberries......................................... ..............  27 17

(a) R esu lt probab ly  low.

Vn inspection of Table IV  shows a generally
satisfactory agreem ent betw een the results obtained 
b y  the two methods, and it should be stated that these 
are not selected results but are g iven  directly in the 
order in which th ey were obtained b y  tw o different 
workmen. O nly about three hours are required to 
get out a series of results b y  the electrolytic method, 
the number in the batch being lim ited only b y  the num­
ber of electrolytic cells available in the laboratory. 
W ith the gravim etric m ethod usually the best part of 
three days is required to  produce a batch  of deter­
minations, the num ber being in this case limited by the 
hood and flue space available. In the saving of time, 
acids and other reagents consumed and in destruction 
to flues and the laboratory generally, the advantage 
is all on the side of the electrolytic method. If con­
siderable work of this kind has to be done, the first 
cost of the electrolytic apparatus is fu lly  justified.

T h e  I n s t i t u t e  o f  I n d u s t r i a l  R e s e a r c h  

W a s h i n g t o n , D .  C .

PO TASSIUM  PE R M A N G A N A T E  IN T H E  Q U A N TITA TIV E ESTI­

M ATION OF SOM E O R G A N IC COM POUNDS1
’

B y  C. M. P e n c e

Potassium  perm anganate has been m ost general!)' 
used in the volum etric-estim ation of iron. Some un­
certainties form erly existed since it w as impossible to ob­
tain a chem ically pure article and insufficient data were

1 R e a d  b e f o r e  t h e  I n d i a n a  S e c t i o n  o f  t h e  A m e r i c a n  C h e m ic a l  S ocirf). 
M a y  1 0 . 1 9 1 2 .
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at hand as to proper methods of preparation and stand­
ardization of its solutions.

At present, these objections have been largely 
overcome and alm ost all of our text-books on quanti­
tative analysis contain an extended treatise on proper 
means of preparation and standardization of vo lu ­
metric perm anganate solutions.

One of the most com m only known organic com pounds 
that is quantitatively  determ ined b y  the use of vo lu ­
metric perm anganate is oxalic acid. N ow  oxalic 
acid and iron are determ ined in acid solution, but the 
procedure most applicable for the oxidation of all 
types of aromatic com pounds as well as carbohydrates 
and hydrocarbons is w ith  alkaline perm anganate. 
Oxidations in acid solution are less energetic than 
those with alkaline K M nO , and in the latter case 
the final product of a com pleted decom position of 
the organic com pound is oxalic acid instead of C 0 3 
and H,0 .

Among the substances m entioned in the literatu re1 
as being oxidized to oxalic acid are propylene, iso­
butylene, amylene, acetone, fa tty  acids; butyric, 
lactic, succinic, and tartaric acids; dextrose, sucrose, 
glycerol and phenol. N ow when an organic com ­
pound is oxidized to oxalic acid, a further oxidation 
to CO, and H 30  readily follows upon acidifyin g and 
warming the solution. Such a procedure forms the 
nucleus of a m ethod for the determ ination of the 
compounds previously enum erated. Tocher made use 
of this method and found th at phenol could be de­
termined. His m ethod w as substan tia lly  as follows: 
Dissolve 1 gram  phenol in 1000 cc. distilled w ater 
and take 10 cc. for titration. Add 3-4 gram s N aH C O s 
together with a little  distilled water. Then add 50 
cc. KMnO, and boil for five m inutes. Set aside to 
.cool and gradually add dilute H 2SO, to decided ex­
cess; warm to 6o° C. and titrate  the excess of N /10  
KMnO, with N /10  oxalic acid.

I his method was found to be open to the following 
objection: th at the. m anganese dioxide formed as a 
result of the action of Ar/ i °  K M nO , upon the phenol 
did not reduce readily enough w ith consequent solu­
tion upon direct titration  w ith  Ar/ io  oxalic acid. 
I hus the solution w as full of oxide w hich not only 
obscured but rendered the end point of little  value, 
m that the oxide w as not com pletely reduced before 
the permanganate end point was obtained.

The following m odification of T ocher’s m ethod was 
found to give good results:

Dissolve 0.4 gram  phenol in 1000 cc. distilled water. 
Place 50 cc. N /10  K M nO , and 3 to 4 gram s N aH C 0 3 
in a 500 cc. glass-stoppered E rlenm eyer flask. A dd 
25 cc. of the phenol solution w ith  gentle rotation. 
Boil 5-10 minutes (with stopper rem oved). Cool 
«ask to about 600 C. A cid ify  w ith dilute H 2SO „ 
e stand about 2 m inutes; cool to room tem perature.

j . .  Oxidation of O rganic Com pounds w ith  A lkaline P e rm a n g an a te ,”  
th U h Donath and H u e °  D itz, J .  prakt. Chem., [2] 60, 566-576 (1899; 
K r o l  J  Chem- Soc-  [1] 78, 197 (1900). "C o n trib u tio n  to  the  

n°\\ e ge and D eterm ina tion  of th e  C arb o h y d ra tes.” J .  K önig, W . 
■reitenhagen and A. Scholl, Z . N ahr. Genuss m.. 22, 705-723 ; th rough  A bstr. 

Ph** 7; <~'̂ lc1n' Soc.. 6, 901 (1912). “ V olum etric  D e term in a tio n  of

D ilute w ith distilled water, add 5 cc. 20 per cent. 
K I  and titrate the liberated iodine w ith N /10  thio- 
sulfate solution, using starch as indicator. . The num ber 
of cc. of Ar/ io  thiosulfate subtracted from  the num ber 
of cc. K M nO , originally added = no. cc. of K M nO , 
consumed b y  the phenol.

1 cc. N /10  KM nO , = 0.000336 gram  phenol.

If a glass-stoppered E rlenm eyer flask is not ava il­
able an ordinary Erlenm eyer m ay be used and its 
contents transferred to a glass-stoppered bottle  before 
acidifying. A n y  oxide adhering to the Erlenm eyer 
is easily rem oved b y  the addition of a little distilled 
w^ter acidified w ith H 2SO, and containing a few  drops 
of 20 per cent. K I .

In considering the nature of the oxidation w ith 
KM nO , in acid and alkaline solutions it is observed 
th at each molecule of KM nO , in acid solution liberates 
2.5 atom s of oxygen according to following equation:

2 KM nO , =  K 20  + 2MnO + 5O 
or 2 KM nO , + 3H 2SO,

= K jS O , + 2MnSO, + 3 H ,0  + 5O 
N ow in alkaline solutions the tw o molecules of MnO 
are im m ediately oxidized to 2 MnO, at the expense 
of 1 atom s of oxygen, so th at we a ctu a lly  have 

2KM nO, = K jO  + 2MnO, + 3O 
Hence, for each m olecule of K M nO , used, only i*/, 
atom s of oxygen are available for our oxidation 
process. This fact m ust be recognized in providing 
sufficient KM nO , to readily com plete the oxidation 
process, and it w ould necessarily enter into a calcula­
tion of the value of N /10  K M nO , in term s of phenol 
if the Mn0 2, or rather its hydrated  form, were filtered 
from  the solution before acidifying and adding the 
K I . B u t since the procedure is not lengthened b y  
a filtration the MnO, is reduced to its m anganous 
form w ith the liberation of free iodine, and we m ust 
calculate our factor b y  considering th at reaction pro­
ceeds as in acid solution with 2.5 atom s of oxygen 
available per molecule of KM nO , although such is 
not literally  the truth.

T o com pletely oxidize phenol, 14 atom s of oxygen 
are required, according to the following equation: 

C9H 5OH + 14O = 6 C 0 2 + 3H , 0  

Since only 2.5 atom s of oxygen are available per 
molecule of KM nO , then 5.6 molecules of K M nO , 
would be required for every  molecule of phenol and 
the factor for N /10  K M nO , in terms of phenol becomes: 

Mol. w t. phenol
2.5 X 2 X 10 X 5.6 X 1000

Experim ents w ith a phenol solution containing
0.0005 gram  of phenol, per cc. as determ ined b y  the 
K oppeschaar bromine method, resulted as follows:

E xp . No. G ram s phenol tak en  P e r cen t, phenol found
 1..................  0.0050 99.65
 2................... 0.0050 100.18
 3................... 0.0075 99.65
 4................... 0.0076 * 99.86
5 . . . :   0.0100 99.86
6................... 0.0100 99.72

Now when the cresols were run in the same m anner as 
phenol it was found th at th ey  were not com pletely
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oxidized and that they varied slightly as to the rate 
with which oxidation proceeded; hence, any per­
manganate method for their accurate determ ination 
must depend upon definitely fixed conditions.

Likewise, it was obvious th at commercial creosote 
and guaiacol could not be determined b y  this pro­
cedure, since they are m ixtures of several more or less 
related phenols that are not present in like proportion 
in different specimens. However, w ith single solu­
tions of several common phenols and closely related 
compounds, fairly gratifying results were obtained. 
Pyrogallol, pyrocatechin, resorcinol and hydroquinone, 
from all of which the CH 3 group is absent, were readily 
and com pletely oxidized.

Benzoic acid was very slightly attacked while under 
similar conditions salicylic acid and salol were com­
pletely oxidized. Thus it would seem that the 
phenolic OH group predisposes towards a complete 
oxidation and that m any uninvestigated phenols and 
closely related compounds would give analogous re­
actions. In m aking up solutions of the several 
phenols, sufficient N / 2 N aOH  was added when 
necessary, to insure ready solution.

The following table is self-explanatory:

P e r ­ P e r ­
c e n t a g e c e n t a g e

S u b s t a n c e F o u n d S u b s t a n c e F o u n d

Pyrogallo l................... f 100.4 
! 100.1 H ydroqu inone ........... ( 99 .49  

t  99 .56

P y ro ca tech in ............. ( 100.2 
( ‘)9 . 9

Salicylic ac id ............. j  99 .79  
( 100.2

R esorcinol................... ( 100.5 
t 100.4 S alo l.............................. j  99.77

1 99.91

The alkaline perm anganate m ethod is especialh'
applicable for the quantitative estim ation of the 
above compounds when they occur individually in 
very  small amounts in single solutions or in conjunction 
with substances not readily oxidized.

D e p a r t m e n t  o f  C h e m i c a l  R e s e a r c h  
E l i  L i l l y  & Co.. I n d i a n a p o l i s

SOM E P R O P E R T IE S  OF K O JI-D IA STA SE
B y  G .  K i t a  

R eceived Sep tem ber IS, 1912

The properties of the saccharifying enzyms of 
koji (a culture of aspergillus orvzae on steamed rice) 
have been studied b y  m any investigators and are sup­
posed to be com paratively well understood. There 
are, however, certain obscurities which exist in re­
gard to the identification and classification of these 
enzyms. T hey m ust be cleared up on account of their 
scientific and practical importance.

I have lately  been occupied in a series of investi­
gations relative to Soya or Shoyu (Japanese sauce 
fermented from beans, wheat and salt) making, and 
incidentally cleared up certain of the above points.

1. IS  SACCH A R IF IC A T IO X  O F  S T A R C H  BY K O JI-D IA S T A S E

C A R R IE D  O U T  BY T W O  D IF F E R E N T  E X Z Y M S, D IA S T A S E  

(A M Y L A S E ) A N D  G L U C A S E , S U C C E S S IV E L Y ?

It has been generally thought th at koji contains 
two kinds of saccharifying enzyms, viz., diastase 
(amylase) and glucase, and it is supposed th at the 
glucose present in a liquid saccharified b y  means of

koji is produced b y  the tw o enzym s above mentioned. 
It  has been affirmed b y  some investigators that while 
the glucase present in koji does not act rapidly, yet, the 
sugar finally produced in the saccharification of starchy 
m atters w ith koji is in variab ly  glucose, and that mal­
tose is present only in a negligible quantity. Evi­
dence in support of the above assertions is still 
meager and I was led to th in k  th at there may be 
present in koji another new enzym , which is alto­
gether different from glucase, and w hich can convert 
starch directly to  glucose w ithout interm ediate steps. 
The following experim ents were made:

Experiment i .— To each 200 cc. of a 2 per cent, 
solution of m altose (moisture = 4 .25 per cent.) and 
also starch (moisture =  16.99 Per cent.), 20 cc. of 
the solution of enzym s (corresponding to  2 grams of 
koji) were added. A fter  allow ing the enzyms to 
act for three hours a t 50° C., the reducing action of 
the digested liquid on Fehlin g’s solution was tested 
and a rough estim ation of glucose w as m ade by mean? 
of the glucosazone reaction.

In the determ ination of the osazone, 100 cc. of 
each liquid were boiled i t / 2 hours w ith  4 grams of 
phenylhydrazine hydrochloride and 6 gram s of sodium 
acetate, filtered and washed w ith  100 cc. boiling 
water. This, of course, cannot be said to be a per­
fect method either for the isolation or determination 
of glucosazone, but is sufficiently accurate for com­
parison of results.

S olution  acted  upon  by  enzym s S ta rch  Maltose
Cc. saccharified so lu tion  requ ired  to  reduce 50 cc.

Fehling’s so lu tion ............................................................  18 .6  21.0
G ram s of glucosazone ob ta in ed  from  100 cc. of

saccharified so lu tion .......................................................  0 .2575 0.1164

Experiment 2.— A  like experim ent w as performed 
w ith Taka-diastase. In this case each too cc. of a 
2 per cent, solution of m altose and starch, respectively, 
was hydrolyzed w ith 20 cc. of a 1 per cent, solution 
of the enzym . For the determ ination of glucosazone 
50 cc. of each solution were taken:

K ind  of so lution acted  upon by  enzym s S ta rc h  Maltose
*Cc. saccharified so lu tion  requ ired  to  reduce 50 cc.

F e h lin g ’s s o lu t io n ............................................................. 3 0 .0  23.6
G ram s of glucosazone o b ta ined  from  100 cc. of

sa c c h a rifie d  s o lu t io n .......................................................  0 .2088 0.0772

As will be seen in the above experim ent, the reducing 
power of the starch solution after digestion is so 
strong th at we can hardly com pare the rate of hy­
drolysis of maltose to th at of starch. Moreover, the 
quantity of glucosazone from  the starch solution is 
very much higher. The presence of dextrine in the 
production of glucosazone does not seem to possess 
remarkable influence, but the presence of maltose 
has a tendency to  g ive  an increased qu an tity  of glu- 
cosazone when phenylhydrazine hydrochloride is used 
in excess. Therefore, in the hydrolysis of starch by 
means of koji-diastase, it  is evident th at glucose is 
not produced principally b y  the action of glucase, but 
directly w ithout the aid of it. Dr. N ishisaki1 asserts 
that in the case of saccharifying starch b y  means of 
koji, the sugar produced th ereby is composed in its 
first stage, of maltose, on account of the weak activity

1 J .  Chum. Soc., Tok}v , 29, 325.
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of glucase. B ut this m ust have arisen from  an error 
because of his presum ption of the presence of m alt- 
diastase in koji.

I I . IN F L U E N C E  O F S A L T  ON  E N Z Y M S  IN  K O JI

It is a well-known fact th at enzym ic a c tiv ity  is 
lost by heating, b u t so far as I know  the effect of 
heating it in the presence of salt has not y e t been in­
vestigated. In the soya mash, enzym s act in salt solu­
tion and it is, therefore, necessary to find out the re­
lation of enzym s tow ard heat in the presence of salt. 
With this object in view, I m ade the following experi­
ments which have fortu n ately  proved th at NaCl 
has a protecting influence on koji-diastase but not on 
malt-diastase; while N a2H P 0 4, asparagin, and H ,S 0 4 
have an injurious effect even on koji-diastase.

Experiment 3 .— One hundred cc. of a 2 percen t, starch 
solution, taken in each of three different vessels, were di­
gested for two hours at 50° C. w ith  5 cc. solution of 
enzyms (100 gram s k o ji or m alt m acerated in 1,000 
cc. water for 10 hours), into tw o of w hich 20 gram s 
of NaCl were added in tw o w ays: one from  the begin­
ning and the other after digesting for three hours. 
The remaining one was k ep t blank for control.

No. OF CC. OF TH E SA C C H A R IF IE D  SO L U T IO N  U S E D  FOR T H E  R E D U C T IO N  O F 50 
c c .  F e h l i n g ' s  S o l u t i o n

Enzym ic
so lu tion Dried G reen

No. K ind  of digestion from  koji m a lt m a lt
1 Not heated 5 0 .2 41 .4 25 .2
2 Heated 3 lirs. a t  50° C. and  added  NaCl . .  6 7 .6 9 0 .0 2 5 .2
3 Heated 3 hrs. a t  50° C. a f te r  ad d itio n of over

NaCl........... 5 5 .6 200 .0 5 7 .4

Experiment 4 .— The experim ent was carried as 
in Experiment 3, excep t th at N a2H P 0 4, asparagine 
and H,S0 4 were used instead of NaCl. F or 100 cc. 
koji extract, 5 gram s N a ,H P 0 4, 5 gram s asparagine 
or 14 cc. of 1 per cent. H 2S 0 4 solution were added.

Xo. OF CC. OF THE S A C C H A R IF IE D  S O L U T IO N  U SED  FOR T H E  R E D U C T IO N  O F  50
c c .  F e h l i n g ’ s  S o l u t i o n

E nzym ic solu­
tio n  w ith

N’o. Kind of digestion asparag ine  N a2H P 0 4 HjSO<
1 Not heated .........................................................  3 5 .2  5 7 .0  87 .5
2 Heated before a d d it io n ................................  4 4 .5  6 5 .4  100.0
3 Heated a fte r a d d itio n ...................................... 92 .5  112.4 140.0

H I. T H E  IN F L U E N C E  O F  S A L T  O N  S A C C H A R IF Y IN G  .

A C T IV IT Y  O F  K O J I-D IA S T A S E

The results obtained b y  previous investigators 
with regard to the influence of salt, acid, etc., on 
the saccharification b y  m alt- and koji-diastase agree 
on the point that a v e ry  sm all q u an tity  of these sub­
stances acts favorably, but th at increase of the same 
is injurious.

Among various authors, Dr. S a ito 1 says th at the 
activity of koji-diastase is injured b y  the presence of 
salt, for instance, in a ten per cent, salt solution its 
activity is lessened to 1 1 .3 %  and in tw en ty  per cent, 
solution to 7.6  per cent. S. M ori,3 however, says 
that a large q u an tity  of N aCl gives no inhibitory in­
fluence on koji, but he attrib uted  this observed influence 
to a peculiarity of some kinds of koji. His result is 
inaccurate since a developm ent of organism s took

J Ce"trbl. Bakt., I I  Abt., 17, 102.
'  J- Pharm. Soc., Tokyo, 311, 1-10.

place in his experim ent. A t th at tim e, I 1 also ob­
served the sim ilar curious phenomenon which led me 
at once to entertain an opinion like Mori. Men em ­
ployed in soya-m aking alleged th at in practice where a 
considerable q u an tity  of salt is present in mash, no 
retarding of enzym ic action is noticed. Such d iversity  
of opinion was found lately  to have originated in the 
fact th at when the enzym ic solution is concentrated 
a large q u an tity  of sodium chloride does not appar­
en tly  exert an inhibitory influence, while in a less 
concentrated enzym ic solution even a sm aller quan­
t ity  of salt will have a very  injurious action. In 
general, the influence of salt on diastase is related to 
the concentration of the enzym  solution. The fo l­
low ing experim ents show this relation clearly:

Experiment i .— One hundred cc. of a 20 per cent, solu­
ble starch solution w ith or w ithout 40 gram s NaCl were 
saccharified w ith 100 cc, koji ex tra ct (200 gram s 
w heat koji extracted  in 1000 cc. water) and were 
filtered after 16 hours standing at 50° C. The iodine 
reaction of the solution w ithout salt was purple or 
light red after 10 or 30 min., respectively, w hile th at 
of the salt-containing solution was som ew hat deeper 
in color. A fter 30 min. 5 cc. concentrated caustic 
alkali solution were added in order to inhibit further 
diastatic action and then sugar was determ ined after 
diluting the solutions to five times their own volum e. 
To the digestion which did not contain NaCl the same 
am ount of NaCl w as added as was in the other, so 
th at the conditions m ight be sim ilar in conducting 
the sugar determ inations.

No. cc. o f  t h e  D i l u t e d  S u g a r  S o l u t i o n  t o  R e d u c e  25 cc. F e h l i n g ’s  

S o l u t i o n

D igestion w ith  NaCl D igestion w ith o u t NaCl
16.5 15.0

Experiment 6.— One hundred cc. of a 2 per cent, or 20 
per cent, soluble starch solution were saccharified w ith  
to cc. of the koji extract a t 50° C. wherein 20 gram s 
NaCl were added before or after digestion. A fte r  
the digestion was over, NaCl was added to the one 
which did not contain the same, as w as done in the 
previous experim ent.

The reaction of iodine tow ard these liquids w as 
tested and the following result was obtained:

2 p e rc en t, s ta rch  so lu tion  20 p e rc e n t ,  s ta rch  so lu tion
D u ra tio n  of

digestion D igestion D igestion D igestion D igestion
in m inu tes w ith  NaCl w ith o u t NaCl w ith  NaCl w ith o u t N aCl

20 purple red  blue blue
30 red red  blue blue
60 piirplc purp le

120 red red

Sim ilar digestion w as repeated after 30 m inutes; 
 ̂ cc. caustic alkali solution were added in one case, 

and in the other after 120 m inutes, so th at further 
diastatic action is entirely arrested. Then, diluting 
the digestion in case of 30 m inutes duration to five 
tim es and in case of 120 m inutes duration to ten tim es 
its original volum e, it was tested how m any cc. of 
such dilution can com pletely reduce 25 cc. of F ehlin g ’s 
solution.

i J .  Chem. Soc., Tokyo, 13, No. 145, pp . 221—235.
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N o. cc. o f  t h e  D i g e s t i o n  t o  R e d u c e  25 cc. F e h l i n g ’s  S o l u t i o n  

30 m inu tes digestion 120 m inutes digestion

w ith  NaCl w ithout NaCl 
2 3 .2  17.5

with NaCl w ithou t NaCl
45 .5  30 .3

Experiment f .— Two grams soluble starch in 500 cc. 
water with different quantities of NaCl were sacchari­
fied w ith 10 cc. koji extract at 50° C. A fter 30 min., 
10 cc. alkali solution and NaCl wrere added so that 
each solution contained 100 grams NaCl in total solu­
tion.

R e a c t i o n s  t o w a r d  I o d i n e  

No. of gram s 
Xo. of of NaCl added 

solution before reaction A fter 10 m in. A fter 30 min.
1 0 red red
2 20 purple red
3 100 purple purple

No. of solution 
1

No. Cc. of sugar solution to  
reduce 5 cc. Fehling’s solution

17.0
26 .0
45 .0

other kind of diastase w hich produces glucose di­
rectly from starch w ithout the aid of glucase.

II. Common salt has a protecting action on kojj- 
diastase under heating but not on m alt-diastase, while 
N a3H P 0 4, asparagine and ITjSOj im pair its activity 
more quickly.

III. The inhibitory action of salt on koji-diastase 
has a certain relation to the concentration of diastase. 
In a dilute enzym ic solution it is very  strong but not 
in a concentrated enzym ic solution. It  is therefore 
necessary in every case to note concentration of dias­
tase when we consider the influence of some- salt 
upon it.

IV . The a ctiv ity  of koji-diastase is conserved in 
brine for a long period.

D e p a r t m e n t  A p p l i e d  C h e m i s t r y  

T o k y o  I m p e r i a l  U n i v e r s i t y

In Nos. 5 and 6 we see that the influence of NaCl 
depends upon the concentration and not on the ratio 
of starch to the enzym ic quantity. The more dilute 
is an enzym ic solution the stronger is the inhibitory 
action of sodium chloride.

From Exps. 6 and 7 it is clear that the inhibitory 
action of NaCl does not relate to dilution when the 
proportion of NaCl to enzym  is constant.

IV . CAN K O JI-D IA S T A S E  B E  P R E S E R V E D  IN  B R IN E ?

The stability  of the koji-diastase in brine is not yet 
well known and it is a very im portant factor in soya 
m aking, where a long period of activ ity  is necessarily 
maintained. I have kept diastase in brine for a month 
in summer and compared it with th at kept in a dried 
condition in a desiccator. The result was as follows:

Experiment S .— One hundred cc. of a 2 percent, starch 
solution was saccharified for 3. 5 hours at 50° C. w ith an 
enzym ic solution (1 gram  Taka-diastase, 15 grams NaCl 
in 100 cc. water), and its reducing power was deter­
mined.

No. cc. of sacchari­
fied solution 

to  reduce 25 cc.
No. P reservation  of D iastase F ehling’s solution
1 In  b rin e ...........................    30 .8
2 In dry condition with envelope of black glazed paper 28 .3
3 In  d ry  condition  in th in  layer exposed to  sun ligh t. . . .  33.4

It  will be seen from these results that the diastatic 
power of the enzym  in brine was stronger than that 
w hich was exposed to sunlight. The gelatine liqui­
fying power of the same diastase was in the same order. 
From  this and other data I have, I believe the strong 
diastatic power exerted in the old mash which w'as 
kept about a year was principally due to the koji 
originally used.

SU M M A R Y

I. Though koji m ay contain tw o different sacchari­
fying enzyms, viz., am ylase and glucase, the total 
q uantity  of the glucose in a saccharified solu­
tion could not be produced from maltose by the ac­
tion of glucase alone; hence, koji m ust contain some

APPLICATIO N  OF T H E  AM M ONIUM  C A R B O N A T E  METHOD
FO R T H E  D E TER M IN A TIO N  OF H U M U S TO  HAWAIIAN 

SO ILS1
B y  J .  B .  R a t h e r  

R eceived N ovem ber 12, 1912

The ammonium carbonate m ethod for the deter­
mination of humus in soils2 has been used on a number 
of samples of T exas soils, of different types met with 
in the United States, including the T ravis, Orange­
burg Houston, Laredo, N orfolk, L ufkin  and Cameron 
series, and in every case the results have been entirely 
satisfactory, the " a s h ”  averaging less than 0.40 per 
cent. W hile this m ethod has proved to be reliable in 
this laboratory, it has been shown b y  K elley and 
McGeorge3 th at on certain soils of H aw aii the method 
does not give good results. This is due to the nature 
of the clay  and not to the am ount of c lay  present, for 
we have precipitated the c lay  com pletely in a solution 
containing 33.45 per cent, “ a s h ” as determ ined by the 
official method.

K elley  and M cGeorge modified the ammonium 
carbonate m ethod b y  adding 4 gram s ammonium 
carbonate per hundred cubic centim eters instead of
0.5 gram . This coagulated the c la y  in most cases, 
but they claim th at the organic m atter was partially 
precipitated.

These investigators propose a m ethod for the re­
m oval of the clay  b y  filtration b y  means of red u ced  

pressure through a Pasteur-Cham berland tube and 
washing w ith amm onia as was done b y  A lw ay, et al-* 
In connection w ith this it m ight be of interest to state 
th at the filtration of humus solutions b y  reduced  

pressure has been done b y  Fraps and H am ner,3 " ’ho 
themselves do not claim  origin ality for the process. 
Fraps and Ham ner state th at the m ethod is very 
tedious and th at organic m atter m ay not pass through 
the filter. Neither Cameron, who first used the 
porcelain tube, Fraps and H am ner, nor A lw ay, et al, 
recommended the method.

1 U nder the genera! direction o f G . S . Fraps, chem ist. Read at the 
m eeting of the A ssociation  of O fficial A gricu ltu ra l Chem ists, Washington. 
D. C.. Septem ber, 1 9 1 2 .

2 T h i s  J o u r n a l ,  3 ,  6 6 0 .
3 Ibid., 4, 9 .  6 0 4 .

4 N ebraska E xp . S ta ., B ull. 115.
5 T exas E xp . S ta ., Bull. 129.
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Although the typ es of soil such as are found in 
Hawaii may not occur in this country, on account of 
the simplicity and convenience of the am m onium  
carbonate method it w as thought desirable to secure 
such a modification as would include such soils.

The soils used in this stu d y were H aw aiian soils 
kindly furnished b y  Mr. M cGeorge. A fter  a num ber 
of trials to ascertain the m ost suitable conditions, the 
following method was adopted:

Prepare the solution as described in the official 
method, but decant the solution instead of filtering. 
Place 100 cc. in a graduated  flask, add 2 gram s am ­
monium carbonate, and heat on the steam  bath  for 
one hour. A llow  to stand over night, p ipette off 
50 cc. of the supernatant solution, and evaporate to 
dryness in a tared dish. D ry  three hours a t io o °  C., 
weigh, ignite, and weigh again. The loss in w eight 
represents the humus.

The results for humus and hum us ash are shown in 
the table along w ith  the hum us and ash b y  the official 
and original am m onium  carbonate m ethods.' A ll 
determinations here reported were m ade on the same 
solutions.

N o. 61S5 No. 61S7

M ethod H um us Ash H u m u s Ash
O f f ic ia l .....................................................  5 . 4 4  7 . 9 0  7 . 3 1  3 4 . 8 0

A m m o n iu m  c a r b o n a t e   5 . 1 6  6.6 8  5 . 1 3  1 7 . 2 0
f. r  ■ ( 3 . 8 0  0 . 1 8  2 . 7 0  0 . 1 0

Th's m odification.....................  { 3 6g o .4 0  2 . 75 0 . 1S

The original am m onium  carbonate m ethod reduced 
the ash b ya b o u t 15 p ercen t, in No. 6185 and b y  about 
50 per cent, in No. 6187. This m odification of the am ­
monium. carbonate m ethod reduced the ash in sample 
No. 6185 from 7.90 to 0.29 per' cent., and in No. 6187 
from 34.80 to 0.14 per cent.

The humus which w as 5.44 per cent, in No. 6185 b y  the

THE NEW H IGH  FO R M  OF S U L F U R IC  A C ID  C H A M B E R

B y  F .  J .  F a l d i n g  a n d  W .  R .  C a t h c a r t  

R e c e i v e d  J a n u a r y  2 0 .  1 9 1 3

Since the Sulfuric A cid  Cham ber-process has existed, 
the two im portant factors w hich have been upper­
most in the minds of m anufacturers, engineers, and 
chemists, are: First, econom y of cham ber space, 
which of course means economy- of le a d ; and Second, 
economy of nitration. These economies have been ac­
complished in a very  high degree and in a m ost satis- 
lactory manner, b y  the use of a new form  of lead cham : 
ber, which embodies a scientific principle heretofore 
’Snored on account of a m isconception of its im por­
tance.

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

The evolution of the Cham ber-process is well known. 
At first interm ittent— then continuous b u t w ithout 
recovery of nitrogen oxides— next the addition of

1 Covered by  u .  S. P a te n t  No. 932,771 and  C anad ian  P a te n t No.
-132, owned by  th e  Chem ical Im p ro v em en t C om pany, 220 B roadw ay , 

- "Vork City. Also p a te n te d  in E n g lan d , G erm any , F rance , B elgium  
a°d other countries.

official m ethod was reduced to 3.74 per cent, b y  this 
m odification of the amm onium  carbonate m ethod, 
and in No. 6187 was reduced from 7.31 to 2.73 p ercen t. 
The differences do not represent humus, but are prob­
ably entirely due to the loss of w ater on ignition of the 
hydrated  clay and oxides of iron and alum inum .

The solutions obtained b y  this m odification were 
free from  all turbidity. It  w as found th at w ith  these 
soils the clay  could not be filtered off and the aliquots 
were therefore rem oved w ith a pipette. The intro­
duction of the ammonium carbonate increases the 
volum e of the solution, and after standing over night, 
it is about 100.5 c c - This would m ake the results 
about 0.01 per cent, too low (in percentage of humus in 
soil). Since this is well w ithin the lim it of error w ith  
these soils, it is disregarded.

The H aw aiian soils studied are said to be of volcanic 
origin and are very  rich in iron. A lthough the original 
ammonium carbonate m ethod gives unsatisfactory re­
sults w ith these soils, we believe soils of this typ e  w ill 
rarely be met w ith in the U nited States, since as stated 
before the method has given entire satisfaction on a  
num ber of the soil types of this country..

SU M M A R Y

The ammonium carbonate m ethod for the rem oval 
of c lay  from humus solutions has g iven  uniform ly 
good results on a num ber of the soil types of the 
U nited States, but on exceptional soils, like some of 
those of H awaii, a slight m odification of the m ethod 
is necessary to rem ove the clay. The m odification 
consists essentially in increasing the am ount of am m o­
nium carbonate to 2 gram s per hundred cubic cen ti­
meters, and heating for one hour.

T e x a s  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n  
C o l l e g e  S t a t i o n , T e x a s

G ay-Lussac towers, and finally the G lover tow er.
The chambers, however, have been alw ays sim ply 

a series of enlargem ents of the flue or gas conduit 
connecting, a t first, the sulfur burners w ith the outer 
air or exit, and later the G lover and G ay-Lussac tow ­
ers. These enlargem ents of the flue retarded the speed 
of the gases, perm itting them  to mingle and react.

As the cham bers have been alm ost universally 
framed w ith tim ber construction, the height and 
w idth have varied principally in conform ity w ith  con­
siderations of carpentry, a w idth of th irty  feet and a 
height of tw enty-four feet having been rarely exceed ed ; 
whereas a length of one hundred to tw o hundred 
feet or over, for each cham ber, used to be quite com ­
mon. Lead cham bers have been constructed em ­
pirically, and of m any shapes and sizes. Som etim es 
the gas would pass through from four to ten  cham bers 
in series having a tota l length of from four hundred 
to one thousand feet in all.

The principal dimension of the chamber space has been 
always the horizontal axis in  the same direction as the 
travel of the gas.

LABORATORY AND PLANT
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It  is an adm itted observation that, irrespective of 
the length of the first cham ber of a series, all the active 
work of such a chamber is performed within the first 
th irty  or forty feet of its length. The remainder of the 
cham ber is practically inactive, and reaction is not re­
sumed until the gas has been again mixed b y  passing 
through a com paratively small flue or special apparatus 
in the nature of a surface condenser, when a new zone 
of a ctiv ity  is induced in a succeeding chamber. The 
condition existing in the first chamber is reproduced, 
but in a lesser degree of intensity, due to the dim in­
ished percentage of the sulfur dioxide content of the 
gas, as evidenced by a reduced tem perature of the 
active  zone. The same conditions with increasing 
reduction of activ ity  apply to all subsequent cham ­
bers of the series, • until the absence of sulfur dioxide 
in the final chambers sometimes actually permits

space. These attem pts have been know n as efforts 
“ to reduce the cham ber sp ace.”  Am ong the schemes 
tried are the following:

(1) The French "systèm e intense,”  the principle 
of which is to increase the proportion of nitrous oxides 
to the sulfur dioxide in circulation— thereby increas­
ing the speed of the initial reaction.

(2) Shortening the first cham ber and passing 
■the gas through surface or spray condensers before 
admission to succeeding cham bers so as to increase 
the intensity o f secondary reactions (Lunge plate 
columns, Gilchrist pipe columns, H offmann intensi- 
fiers, P ratt converters, etc.).

(3) Division of the initial volum e of gas into two 
or more cham bers in parallel instead of in series with 
a reduction of the secondary cham ber space.

(4) The M eyer tangential adm ission of the gas into

the conversion of the nitrous gases into nitric acid 
and nitrogen peroxide, causing severe losses of niter 
and rapid destruction of the lead. It  has even been 
the practice in some cases to adm it a fresh supply 
of burner gas into the last cham ber to counteract 
such condjtions. (Benker.)

Mention should be made of the fact that, in earlier 
days, the cham ber space consisted in some instances of 
a single, long, horizontal chamber, and, th atth e reaction 
was completed in this chamber, and to that extent 
was quantitative. This was accomplished, however, 
at so great an expense of cham ber space relatively 
to the volum e of gas reacting, th at it was long since 
discontinued and a series of chambers adopted.

In recent years various attem pts have been made 
to secure a quantitative reaction, or a t least an in­
tensive reaction in the first part of the chamber

cylindrical chambers w orking on the assumption that 
the spiral passage of the gas near to the cool chamber 
sides would accelerate the reaction.

Most of these propositions have produced consid­
erable economies but none have been entirely success­
ful. The first reaction has not been quantitative and 
the inert gas leaving the first zone of reaction has con­
tained sufficient unoxidized sulfur dioxide to make 
succeeding chambers, w ith further zones of reaction 
of decreasing intensity necessary.

The first considerable alteration  in the shape oi 
the lead chamber was introduced b y  Dr. T h e o d o r  

Meyer in January, 1900. To use his own w ords, 

quoting from a pam phlet issued b y  him at Halle in 
1907: “ A  tangent cham ber is a hollow cylinder 01
approxim ately the same diam eter and height, whose 
feed pipe is attached near the top in the direction of a
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tangent, and whose exhaust pipe is in the center of 
the floor of the cham ber. A n  im portant factor in a 
large capacity is the height of the cham bers (as I 
considered probably as early as 1900), for the highest 
capacity is shown b y  those tw o plants, whose cham ­
bers are highest: Griffith & B oyd, Baltim ore, and
Guilini Works, Ludw igshafen on R h. (w ith 35 and 42 
feet height). The height of the old oblong cham ­
bers has also been increased lately. H artm an & 
Benker built theirs up to 32.8 feet high. W hile this 
figure, however, is near the lim it of profitable use of 
chamber-room (for oblong cham bers), there is no such 
limit to the tangent cham bers, for it is only  necessary 
to keep width and height in proper proportion. If 
a chamber were to be changed into a tow er the conse­
quence would p robably be a gradual retardation of

Hour ending

8 a.m................
9 a .m ........................

10 A .M ............................

11 A.M........................
12 Noon...................

1 P.M......................
2 P.M......................
3 P.M......................
4 P.M......................
5 P.M...............
6*p .m ..........................

7 P.M.......................
8 P.M.......................
9 P.M......................

10 P.M.......................
11 P.M.......................
12 M idnight...........

1 A.M........................
2 A.M........................
3 A.M........................
4 A.M..................... ..
5 A.M..................... ..
6 A.M........................
7 A.M........................

Total.......................
Average, 24 hours

the spiral-movement tow ard the low er part. The 
best ratio is an approxim ate eq u ality  of diam eter and 
height.”

I his proportion has been observed in all his in­
stallations. In the U nited States the Griffith & B oyd  
chambers are 33 feet diam eter and 35 feet high and 
the chambers of the M ountain Copper Com pany in 

alifornia are 39.4 feet w ide b y  42.6  feet high.
Again to quote from  Dr. M eyer: “ Aside from  the

small end chambers the m ost rational shape and size 
°f a tangent cham ber is a cylin der of 32 ft. to  48 ft. 

eight and w ith a cap acity  of 28,000 to 72,000 cubic 
ect. This w ou]d g ive  respectively a diam eter of 

3 3-5  feet and 44 feet.

A s regards the Benker cham bers, L un ge1 quotes 
from  a personal com m unication from  Benker, who 
states he “ em ploys only narrow cham bers, say  18 to 
20 feet wide, and from 25 to 33 feet high. Such cham ­
bers are, in the first instance, better adapted  for w ater 
spraying, but th ey  also afford a better m ixture of the 
gases, especially if the sides are cooled, b y  em ploying 
an open bratticing for the side passages (21 / 2 in - laths 
w ith i ' / 2 in. clear space) and a roof-rider. The cold 
gases descending along the sides m ust rise again in 
the center; but in the case of very  wide cham bers a 
dead space rem ains where the velocity  is v e ry  slight, 
and where the m ist of nitrous vitriol sinks down w ith ­
out acting on the gaseous constituents. Benker ob­
jects to M eyer’s tan gential cham bers th at there is 
no question of tangential action, th a t in the center o f

D rip s  
0 B . 
4 6 #  
4 6 #
4 7  
4 7 2

4 7 -
4 8
4 8  

5 0
5 0
5 1

4 9  
4 8  

'4 8  
4 8

4 8
4 8 #
4 8#
4 8 #
4 8 #
4 8 #
4 9

4 8 #
4 S
4 7

4 8  +

these circular cham bers gases of different concentra­
tions get m ixed up, and th at th ey  w ould be too e x ­
pensive if the only proper w ay  w as followed, viz., 
building m any sm all circular cham bers in a se t.” 

N either in the case of M eyer or Benker does the 
question of the convection currents seem to  have been 
seriously considered. B en ker’s cham bers are of the 
long horizontal typ e 75 to  85 feet long and are ar­
ranged in a series of three chambers.

M eyer eviden tly  considered th at the question of 
height is m erely a question of cham ber space and 
says th at “ If a cham ber were changed into a  tow er 
the consequence w ould p robably be a gradual retarda-

1 "S u lfu ric  A cid and  A lka li,"  Vol. I ,  3 rd  E d ., page 459.

A l g o m a  S t e e l  C o r p o r a t i o n , L i m i t e d — C o k e  P l a n t  D e p t . ,  S a u l t  S t e . M a r i e , O n t .

D aily  R ep o r t of Sulfuric A cid P lan t, fo r 2 4  hours  ending  7 a .m . Sunday , Dec. 2 9 ,  1 9 1 2

S o o
rt . — 'z, i* G ay-L ussacs C h a m b e r

u 1  o 5 5 -3  G lover g 2  j  P ercen ta ge . •---------------------
y y § B o tto m  C, 3  o N 2O 3 Tem ps, a t  s ta tio n s, ° I i . D ifference, ° F.
§ fc 5  *S P  i 2    *___ ______________*_____________________i_________

£ £ ° F . °  B . P* ”  P< No. 1 No. 2 1 2 3 1-2 2 - 3 1 - 3

. 7 . 5 4 2 3 2 5 8 5 . 0 0 2.00 0 . 8 7 1 6 7 1 4 7 6 5 20 9 2 102
4 2 3 2 5 8 5 . 0 0 2.00 0 . 8 7 165 1 4 7 6 7 18 8 0 9 8

. 7 . 5 4 2 3 2 5 8 5 . 0 0 2.00 0 . 5 0 1 6 7 1 4 9 6 9 18 8 0 9 8
4 2 3 6 5 8 5 . 0 0 2.00 0 . 5 0 16 S 1 5 0 6 9 18 8 1 9 9

. 7 . 5 4 2 3 7 5 8 2 5 . 0 0 2.00 0 . 5 0 1 7 0 1 5 3 6 9 17 8 4 101
4 2 3 7 5 8 2 5 . 0 0 2.00 0 . 5 0 1 7 5 1 5 6 6 9 19 8 7 1 0 6

. 7 . 5 4 2 3 7 5 8 2 5 . 0 0 1 .86 0 . 5 0 1 7 6 1 5 8 6 9 18 8 9 1 0 7

4 2 3 7 5 8 2 5 . 0 0 1.86 0 . 5 0 1 7 9 1 6 0 6 9 19 9 0 1 0 9

. 7 . 5 4 2 3 7 5 8 2 5 . 0 0 1 .86 0 . 5 0 1 8 0 1 6 0 7 0 19 9 0 1 0 9

4 2 3 6 5 8 2 4 . 6 0 1 .86 0 . 5 0 1 81 1 6 2 71 19 9 0 1 0 9

. 7 . 5 4 2 3 6 5 8 2 4 . 6 0 2.00 0 . 4 5 1 8 3 1 6 2 7 2 21 9 0 111
4 2 3 6 5 8 2 4 . 6 0 2 . 1 5 0 . 5 0 1 8 3 1 6 3 7 2 20 91 111

. 7 . 5 4 \2 3 6 5S 2 4 . 6 0 2 . 1 5 0 . 5 0 1 8 3 1 6 3 7 2 20 9 1 1 1 1
4 2 3 6 5 S 4 . 6 0 2 . 1 5 0 . 5 0 1 8 3 1 6 3 7 2 20 91 111

. 7 . 5 4 2 3 7  - • 5 S 4 . 6 0 2 . 1 5 . 0 . 5 0 1 S 4 1 6 4 7 3 20 9 1 111
4 2 3 7 5 8 4 . 6 0  ■*. 2 . 1 5 0 . 5 0 185 1 6 6 7 3 1 9 9 3 112

. 7 . 5 4 2 3 7 5 8 4 . 6 0 2 . 1 5 0 . 5 0 1 8 6 1 6 7 7 4 19 9 3 112
4 2 3 7 5 8 4 . 6 0 2 . 1 5 0 . 5 0 1 8 6 1 67 7 4 19 9 3 112

. 7 . 5 4 2 3 7 5 8 * 5 .0 0 2.00 0 . 5 0 1 8 6 1 6 6 7 4 20 9 2 112
4 2 3 7 5 8 5 . 0 0 2.00 0 . 6 3 1 8 4 1 6 5 7 4 1 9 9 1 110

. 7 . 5 4 2 3 6 5 8 5 . 0 0 2.00 0 . 6 3 1 8 2 1 6 3 7 3 19 9 0 1 0 9

4 2 3 5 5 8 5 . 0 0 2.00 0 . 6 3 1 7 5 1 5 9 7 2 1 6 8 7 1 0 3

. 7 . 5 4 2 3 5 5 8 5 . 0 0 2.00 0 . 6 3 1 7 4 1 5 8 7 2 1 6 86 102
4 2 3 5 5 8 5 . 0 0 1 .86 0 . 6 1 1 7 5 15S 7 2 17 86 1 0 3

9 6

. 7 . 5 5 8 4 . 8 5 2.02 0 . 6 0 1 7 8 1 5 9 71 19 88 1 0 7

r a w  m a t e r i a l  u s e d  

N am e of ore— " H e le n  M ine." P e r  cen t. S— 40.34
P o u n d s charged  in 24 hours— 2 0 ,700  P e r  cen t. S availab le— 40
P e r cen t. NaNOg on S— b u rn t, 1 .16  P e r  cen t. S  in cinder— 0 .3 6  a .m . ,  0 .4  p .m .
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tion of the spiral movement toward the lower p a rt.” 
He therefore increases the diameter in proportion with 
the height.

In this short history of the lead chamber, it has not, 
of course, been possible to mention all the forms of 
chambers which have been used at different times, 
but it is subm itted that they all contain the same de­
fect, in th at they practically ignore the convection 
currents of the reacting gases, that they are all virtually  
enlargements of the horizontal axis of the flue and 
that they all involve a series of reaction zones of de­
creasing intensity.

The practical ignoring o} the laivs oj convection is 
responsible jor the comparative failure oj the above 
described forms of chamber construction.

T H E  T H E O R Y  O F T H E  H IG H  C H A M B E R

The technical gas m ixture adm itted to a chamber

Mar., 1913

process. This 5 per cent, excess oxygen will be 
found in the exit gases.

During the passage of this gas m ixture through the 
G lover tow er the percentage of sulfur dioxide it con­
tains is further reduced b y  partial oxidation to the tri­
oxide (S0 3) and p artly  b y  the addition of nitrous oxides, 
and p artly  b y  w ater vapor derived from the evapora­
tion taking place in the Glover.

The gas on leaving the G lover tow er enters the lead 
chambers, and just a t this point it is better fitted in 
every respect to react rapid ly and quantitatively, 
than it will be at an y subsequent stage of its passage 
toward the exit; and an y  means th at can be devised 
for holding the active  zone a t this point, until the re­
action is com pleted, and securing a rapid separation 
of the inactive from the active  gas, permitting only 
the inactive gas to go forward to the Gay-Lussac

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 IN E E R IN G  C H E M I S T R Y

T e n n e s s e e  C o r P E R  C o .  A c i d  C h a m b e r s ,  S h o w i n g  S t o r a g e  T a n k s  ( 7 0 0 0  T o n s )  a n d  G a s  F l u e

sulfuric acid system  is diluted with a large percentage 
of nitrogen. This nitrogen takes no active part in 
the chemical reactions, but absorbs and carries aw ay 
a large am ount of the heat of the exothermic reactions 
taking place in the chamber.

A  good technical gas mixture, when produced from 
the oxidation of pyrite, will contain approxim ately, 
om itting minor impurities:

P er cent, volum e
Sulfu r d ioxide.....................................................  7 .5
O xygen.....................................................................  9 0
N i t r o g e n ..................................................................................... 8 3 . 5

100.0 ,
Such a gas m ixture will contain oxygen sufficient 

for the oxidation of the sulfur dioxide to the trioxide, 
and also provide the necessary excess of 5 per cent, of 
oxygen for the satisfactory operation of the chamber

towers and exit, will surely be advantageous.
Rem em bering that the gas m ixture under considera­

tion is dilute in active constituents and contains a 
large percentage of nitrogen which does not enter 
into the reaction at all. and th at the reactions entered 
into b y  the active gases are strongly exothermic, it 
follows th at if proper opportunity  is given for the 
action of convection, there will result a rapid and com­
plete separation of the heat-producing gases and the 
inactive and non-heat-producing gases.

To secure this separation b y  convection would 
clearly necessitate increasing the height of the cham­
ber in relation to the horizontal sectional area so as 
to allow relative zones of reaction and inaction therein, 
the incoming gas being adm itted  to the zone of re" 
action, and the outgoing gas being drawn from the 
zone of inaction.



ip
The horizontal sectional area of the cham ber w ould th e  r e su l ts  of th e  high ch a m be r  in  p r a c t ic e *

have to be proportionate to the volum e of gas ad- The considerations which have been m entioned
mitted and the height proportionate to the tim e neces- appeared to have such forC6i th at jn M arch,
sary for the quan titative  reaction of such volum e, and these view s as to this high cham ber construction were
the gas travel w ould be vertica lly  downward, subject placed befQre the United gtates Stee] Corporation,
to convection currents, m stead of horizontally for- wh<J were about tQ efect a sulfuric a d d  p]ant T h ey

uarc '̂ . decided to adopt this construction and a p lant was
Bearing these considerations in mind, ,t becomes ultim ately  erected a t V andergrift, Pa., consisting of

clear what m ay be the effect of increasing the length Qne cham ber so feet square b y  feet hjgh> together
of the vertical axis of the cham bers or, in other words, with Qne G loyer tWQ G ay. Lussacs and a sm all un.
the height in relation to other dimensions. packed CQoling tow0r g . feet squafe b y  so ffiet high

The gas m ixture, adm itted to the cham ber, imme- located between the cham ber and the G ay-L ussac
diately sets up a strong exotherm ic reaction. If the towers. This plant w as put into operation on January
chamber is high, convection currents will be induced 1, 1907, and the results am ply justified expectations,
and the reacting gas w ill im m ediately tend to rise and proved the following facts:

A l g o m a  S t e e l  C o r p o r a t i o n , L i m i t e d — C o k e  P l a n t  D e p t . ,  S a u l t  S t e . M a r i e , O n t .

D a i l y  R e p o r t  o f  S u l f u r i c  A c i d  P l a n t ,  f o r  2 4  h o u r s  e n d i n g  7  a . m . ,  J a n .  1 9 , 1 9 1 3

E °  6  9 .
^  — %  u  /S G a y - L u s s a c s  C h a m b e r
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1  “ 1 O O
B o tto m o *5 S nt2o 3 Tem ps, a t  s ta tions, ° F. Difference. ° F.

D rip s,
x d, a

H our ending £ ° P . 0 B. No. 1 No. 2 1 2 3 1-2 2-3 1-3 ° B.
8 A.M.............................. ..............  7 .5 8 241 59 4 .3 2 .9 0 0.61 180 161 79 19 84 101 47
9 A .M .............................. 8 59 176 156 78 20 78 98 47

10 A .M ..................................... ..............  7 .5 7 240 59 4 .3 2 .8 0 0 .58 172 154 78 18 76 94 46 M
11 A .M ..................................... 5 59 174 154 77 20 77 97 46 K
12 N oon...........................................  7 .5 4 240 59 4 .3 2 .33 0.57 174 154 77 20 77 97 46 M

1 P.M ..................................... 4 59 176 157 76 19 81 100 47
2 P.M ..................................... ..............  7 .5 . 4 240 59 4 .3 2 .33 0 .5 6 178 ‘ 158 76 20 82 102 48
3 P.M ..................................... 4 59 178 159 76 19 83 102 48
4 P.M ..................................... ..............  7 .5 4 240 59 4 .3 2 .33 0 .5 0 178 159 76 19 83 102 48
5 P.M ...................................... 4 59 178 159 75 19 84 103 48
6 P .M ..................................... 4 240 59 4 .3 2 .33 0 .4 6 178 159 75 19 84 103 48
7 P.M ..................................... 4 59 178 158 75 20 83 103 48
8 P.M ..................................... 4 240 59 4 .3 2 .33 0 .5 0 178 158 75 20 83 103 48
9 P.M ..................................... 4 59 176 155 73 21 82 103 47

10 P.M ..................................... 4 240 59 4 .3 2 .33 0 .4 6 176 155 73 21 82 103 47
11 P .M ..................................... 4 59 176 156 73 20 83 103 47
12 M idnight................. ................  7 .5 4 240 59 4 .6 2.33 0 .4 6 176 157 73 19 84 103 47 'A

1 A .M .................................... 4 59 176 157 73 19 84 103 47 %
2 A .M .................................... 4 238 59 4 .6 2 .5 4 0 .5 6 178 158 73 20 85 105 ' 47 lA
3 A .M ............................... .. 4 59 178 159 73 19 86 105 47 lA
4 A .M .................................. 4 238 59 4 .6 2 .54 0 .6 2 178 159 74 19 85 104 48
5 A .M .................................... 4 59 172 153 77 19 76 95 48
6 A .M .................................. .. 4 240 59 4 .6 2 .54 0 .72 177 158 78 19 80 99 46
7 A .M .................................. 4 59 178 160 78 18 82 100 45 A

T o ta l.......................... 108
Average, 24 h ou rs . . . ................. 7 .5 59 4 .4 2 .47 0 .55 177 157 76 20 81 101 47V<

R aw Ma t er ia l  U sed D iary

Xame of ore— “ H elen M ine.”  P e r cen t. S— 40 .3 4  C ham ber m an  increased soda from  4 to  6 lbs. du ring  n igh t. T his w as n o t
Pounds charged in  24 hou rs— 21.000 P e r  cen t. S available— 4 0 .0 0  necessary. Took i t  off first th in g  th is  m orning.
Per cent. N a N 0 3 on S— b u rn t, 1.29 P e r cen t. S in c inder— 0 .3 2  a .m .. T he 172° top  te m p e ra tu re  a t  5 a . m . was due to  p u m p  breakdow n. H ad  no

0.42 p .m . acid u p sta irs  to  ru n  over G lover tow er. w . E . t.

and to remain a t the top so long as the reaction goes ( i)  A  large production of sulfuric acid w ith  a min-
on, only the inert, non-reacting, non-heat-producing, imum of cham ber space.
and therefore cooler gases tending to return to the (2) A  quan titative reaction in the single cham ber,
bottom of the cham ber. I f the relationship of the the S 0 2 being com pletely converted in the cham ber
height to the area and the volum e of gas adm itted is itself as proved b y  tests a t the cham ber exit,
correct, the reaction taking place in the cham ber . (3) A n insufficiency of cooling cap acity— the gases 
will be quantitative and the gas drawn from  the cham - on leaving the cooling tow er being too hot and too
ber at the bottom  w ill consist entirely  of nitrous com- moist to perm it the best work in the G ay-Lussac
pounds and inert nitrogen w ith some oxygen. In towers.
other words, the process will be com pleted in one (4) T h at in spite of this insufficiency of cooling
chamber and the necessity of further cham bers (which cap acity  a reasonable consum ption of niter could be
cost just as m uch as the first active  cham ber) for attained— 1. <?., an average between 2 and 3 per cent,
more and more sluggish processes (or decreased ef- of N a N 0 3 based on the sulfur burned,, while fre-
ficiency in w ork done) will be obviated  and a great quen tly  for days together the consum ption of N aN O j
economy in cost of cham ber space will be secured. did not exceed 1 .5  per cent. The insufficiency of
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cooling capacity clearly interfered with a maximum 
output of product and a minimum consumption of , 
NaNOj.

Before this plant had been completed, the Tennessee 
Copper Com pany, who were being pressed by the 
Government to abate the nuisance caused by the sul­
fur dioxide fumes produced in their copper smelting 
operations, decided to erect a plant at Copperhill, 
Tennessee, consisting of tw elve chambers of the same 
dimensions as those at Vandergrift. This plant now 
consists of th irty-six  of these chambers. The work, 
from a technical standpoint, is not perfect, as it en­
tails a considerable consumption of N aN 0 3. H ow­
ever, the Com pany claims th at their net profits from 
the production of sulfuric acid are equal to their profits 
from copper and other sources. This irregularity of 
working is due to the character of the smelter gases 
which contain from 4 to 6 per cent, of C0 2, and in 
which the percentage of S0 2 fluctuates greatly.

a concentrating tower. No additional labor is in­
volved in the concentration, and the fuel cost is repre­
sented b y  a consumption of 100 pounds per hour 
of a m ixture of coke breeze and slack coal fed b y  means 
of a special smokeless stoker, or a ' consumption of 
less than 70 pounds of fuel per ton of 66° B. acid.

(2) For the Dominion Iron and Steel Company, 
Lim ited, at Sydney, Cape Breton, N ova Scotia, a 
cham ber 50 feet square b y  70 feet high; specified capac­
ity  in 24 hours, forty  to forty-five tons of 600 B. 
sulfuric acid. This p lan t includes one G lover tower 
10 feet in diam eter b y  26 feet high, tw o Gay-Lussacs
9.5 feet square b y  50 feet high and tw o packed cooling 
towers of the same dimensions as the Gay-Lussacs, 
placed between the cham ber and the Gay-Lussacs.

(3) For t h e ' Algom a Steel Corporation, Limited, 
at Sault Ste. Marie, Canada, a cham ber 33 feet square 
b y  70 feet h ig h ; specified cap acity  in 24 hours, twenty 
to tw en ty-five tons 600 B. sulfuric acid. This

T e n n e s s e e  C o p p e r  C o . S m e l t e r  a n d  A c i d  P l a n t

W ith the advantage of the data obtained at Vander­
grift and Copperhill three plants have been subse­
quently erected as follows:

(1) For the Cleveland Cliffs Company, a t its Pioneer 
Iron W orks plant at Marquette, Michigan, one cham ­
ber 50 feet square b y  70 feet high; specified capacity 
in 24 hours, th irty  to thirty-five tons of concentrated 
66° B. sulfuric acid. This plant includes one Glover 
tower 10 feet in diameter b y  26 feet high, tw o Gay- 
Lussacs 10 feet in diam eter b y  50 feet high, and two 
packed cooling towers xo feet in diameter b y  50 feet 
high, placed between the chamber exit and the Gay- 
Lussacs. The p yrite used at this plant is a rem ark­
ab ly  pure concentrate, practically free from dust and 
arsenic; and the arrangement of the towers is such 
th at the hot Glover tow er acid is run directly b y  g rav­
ity  from the G lover tower at a tem perature of 310° 
to 320° F ., b y  means of fused silica conduits into

plant is equipped w ith one G lover tow er 8 feet in diam­
eter b y  25 feet high, tw o G ay-Lussacs 8 feet in diam­
eter b y  50 feet high, one packed cooling tow er follow­
ing the cham ber ex it and one Petersen regulator tower 
between the cooling tow er and the G ay-Lussac, both 
these towers being of the same dimensions as the Gay- 
Lussacs.

N ot one of the above installations has been made 
for a concern previously engaged in, or fam iliar with, 
the m anufacture of sulfuric acid. In every  instance 
the operatives are drawn from the ordinary labor 
available in the locality. In  a t least tw o cases the 
trained chemists in charge of the process had never 
previously seen a sulfuric acid plant. In  view  of these 
conditions, it is subm itted, th at the results of actual 
operation are entirely satisfactory. In each case 
(with the exception of the Tennessee Copper Com­
p an y ’s plant, where for obvious reasons no r e g u la r i t y
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could be assured) the consum ption of niter of not over 
an average of three per cent, w as stipulated, and also 
a minimum output as stated in the preceding p ara­
graph. This output in term s of cham ber space was 
as follows:

(1) One pound of sulfur to 7 . 8 cubic feet of cham ber 
space;

(2) One pound of sulfur to 7 .2  cubic feet of cham ­
ber space;

A n a l y s is  o k  R e c e n t  T y p i c a l  D a i l y  R e p o r t s  o f  t h e  V a n d e r g r i f t  a n d  
A l g o m a  S t e e l  C o r p o r a t i o n  S u l f u r i c  A c i d  P l a n t s

F irs t P la n t erected L a s t P la n t e rected
U . S. Steel L ake  Superior
C orporation C orporation  L td .
V andergrift(a) A lgom a Steel(ft)

P la n t C orp’n  L td . P la n t
Averages— Daily re­ b rim stone p y rites— “ fin e s '’

ports. etc. (Dec. 29, 1912)
Pyrites “ fines”  charged

in 24 hours (pounds). . 20 ,700
Pyrites contain su lfur

per cent............................ 40 .34
Cinders contain su lfur

per cen t............................ . 0 .3 8
Sulfur charged (p o u n d s). 15,345 8 ,3 5 0
Sulfur available o r burned

(pounds).......................... 8 ,2 8 0
Per cent, of SO2 in gas.. . 10.4 ' 7 .5
Nitrate of soda—per cent.

on'sulfur ch arg ed ......... 1 .56 1.15
Nitrate of soda—per cent.

on sulfur b u rn ed ........... V 1 .16
Per cent. N2O3 in Petcr-

sen regulator.................. 4 .85
Per cent. N2O3 in n itrous

vitriol............................... 2 .6 0 2.02
Per cent. N0O3 in final

Gay-Lussac tow er......... 0 .17 0 .6 0
Temp, of gas— 8 ft. from

top of cham bcr(c)......... 205 0 F . 179° F.
Temp, of gas— 5 ft. from

bottom of ch am b e r ... . 190° F . 160° F .
Temperature of gas a t  e n ­

trance to  G ay-Lussacs. 127° F . 72° F .
Difference of tem pera tu re  

between top  and  b o t­
tom.of cham ber............. 15° F . 19° F .

Difference of tem pera tu re
between bo ttom  of 
chamber and G ay-L us­
sacs.................................... 63° F . . SS° F .

Drip—Degrees U. S. B . . . 4 6 .5 °  B. 48° B.
Average streng th  of acid ,

in chamber pan  (U. S.
B .) ........................................................ 52 to  53° B. 53 to  5 4 °  B.

Average streng th  of fin-
ished acid........................ 62° B. 58 to  59° B.

Dimensions of cham ber
(feet).......................... .. 5 0 ' X 5 0 ' X 70 ' h igh 3 5 ' X 3 5 ' X 7 0 'high

Outside dimensions of 
towers—except G lover
^ ect) ..................................... 9 '6* X 9'6* X 5 0 ' h igh S ' d iam . X 5 0 ' high

Outside dimensions of
Glover tower ( f e e t) . . . . 9 '6" X 9 ' 6" X 24 ' h igh  8 '  d iam . X 24 ' high
(a) The V andergrift P la n t h a s  been  in o p e ra tio n  som e years and  was the

Rt °f this charac te r of p la n t b u ilt.
(b) The Algoma P la n t has been  o p era ted  less th a n  th re e  m onths.
(c) T em p era tu res  ta k e n  o n  s id e  o f  c h a m b e r  w it h  u s u a l b e n t  th e rm o m e te r .

(3) One pound of sulfur to 6 .4  cubic feet of cham ­
ber space, or a m axim um  output of one pound of
sulfur to 6 cubic feet of cham ber space, or a minimum
°utput of one pound of sulfur to 8 cubic feet of 
chamber space, or an average output of one pound of 
sulfur to 7 cubic feet of cham ber space. In  all cases 
these specifications have been carried out and easily 
exceeded. The plants have been taken over and paid

for and are operating to the satisfaction of the ow n­
ers.

T E M P E R A T U R E  OF R E A C T IO N  IN  T H E  H IGH  C H A M B E R

In the ordinary operation, readings are taken from 
the usual bent therm om eters placed, the one about 
12 feet from the top of the cham ber in the side lead, 
and the other about 4 feet from the bottom  of the pan, 
in the side lead. In practice the tem peratures are 
read only on one side of the cham ber. A t  first ther­
mometers were placed on all four sides of the cham ­
bers, and not only, near the middle of the sides, but also 
near the corners, until it was found th at the varia­
tion in these therm om eters a t equal height in the 
cham ber was practically  nil.

W hen the cham ber was first used, therm om eters were 
placed also vertica lly  5 feet apart on all four sides of 
a cham ber, and an extended series of readings taken, 
all of which showed a gradual dim inution of tem pera­
ture from the top to the bottom . This decrease in 
tem perature, of course, was more .rapid in the lower 
part of the chamber, but was d istin ctly  m arked after 
the first fifteen feet from the top, or the first tw o read­
ings.

The difference between the upper therm om eter (10 
feet from the top) and the bottom  therm om eter will 
range from 22° F. to 7 0 F., according to the inten sity  
w ith w hich th e,system  is being driven, i. e., the pro­
portion of the am ount of sulfur burned to the cubic 
feet of cham ber space.

W hen the system  is in normal operation, repeated 
tests show no more than the usual traces of S 0 2 in 
the gases leaving the cham ber. The packed cooling 
tower which follows the cham ber serves to dry the 
gases leaving the cham ber (by condensing the mist 
of sulfuric acid) before admission to the G ay-Lussac 
towers, and a further cooling of from 75 0 to io o °  F. 
takes place in this apparatus, bringing the final tem ­
perature of the gases entering the G ay-Lussac towers 
to 60 0 to 800 F.

D R IP S

One drip reading has been found, b y  elim ination, 
to be sufficient. This has been placed, b y  reason of 
convenience, near the lower therm om eter about four 
feet from the bottom  at the m iddle of the cham ber 
side. If this drip is carried a t 47°~48° B., the pan 
acid will be found invariably between 52 0 and 540 B. 
A t one plant a table drip has been em ployed, and the 
readings respectively of the table drip, the side drip 
and the cham ber acid as drawn to the storage tank, 
were 550 B., 4 7 ° B ., and 5 3 .6 °  B.

C O N S U M P T IO N  OF N IT E R

Some of these plants are of course not doing as 
regular work as th ey  would do if operated b y  skilled 
labor. The consum ption of nitrate of soda is fre­
quently for considerable periods as low as x to x '/j 
per cent., a record w hich undoubtedly could be 
uniform ly m aintained b y  com petent operatives (see 
tables).

T H E  A D V A N T A G E S  O F T H E  H IGH  C H A M B E R

The advantages of this cham ber are notew orthy:
I. The Saving of Lead .— For purposes of com parison,



take a,cham ber fifty feet square and seventy feet high, 
representing a capacity of 175,000 cubic feet (4952.5 
cubic meters). This comparison has no reference w h at­
soever to the actual efficiency of such chamber space. 
The largest chambers which Meyer has built are probably 
those of the Mountain Copper Company, which he states 
are 12 meters in diameter and 13 meters high. These 
would therefore have a capacity of 1470 cubic meters

23o T H E  J O U R N A L  O F  I N D U S T R I A L

the top, and five feet a t the bottom . The straps for 
the sides six-pound, and for the top seven-pound. 
(These straps consist of a five-inch strip of lead 
burned onto the cham ber sides, and extending hori­
zontally continuously around the cham ber at vertical 
intervals of about 5 ft. The straps are then bolted 
by means of clam p bars to horizontal angles-, in such 
a w ay  th at the side lead does not touch the support-

A N D  E N G I N E E R I N G  C H E M I S T R Y  Mar., 1913

V a n d iv Kg r i f t  P l a n t  i n  C o u r s e  o f  E r e c t i o n — T w o  T o w e r s  N e a r l y  C o m p l e t e d

each. Three chambers of this size would be required, 
together with a small chamber 9 meters diam eter and
6 .5  meters high to give the same capacity  as one high 
cham ber 50 feet square b y  70 feet high. In actual 
construction the weights of lead used in this chamber 
are as follows:

The top and bottom , seven-pound lead; the sides, 
six-pound lead, rolled to eight-pound for two feet at

ing angles or posts at any place.) The total weight 
of lead, including everything in connection with the 
chamber, is 141,000 pounds. A  corresponding plant, 
according to the M eyer system , w ould require at 
least 220,000 pounds of lead, while a plant of three 
chambers of equal cubic cap acity , built according to 
the old rectangular, horizontal system , would require 
from 240,000 to 300,000 pounds of lead. The saving
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in lead, therefore, is from  35 per cent, to more than 
50 per cent, for equal cubic cap acity , even supposing 
that the high cham ber space is not more efficient.

II. Greater Efficiency of the High Chamber Space.—  
An efficiency of cham ber space representing from  6 
to 7 cubic feet of cham ber space to one pound of 
sulfur burned, w ithout the assistance of any auxiliary  
apparatus such as surface condensers, needs no 
further comment.

III. Great Economy of Ground Area and Founda- 
iions.— The fifty-foot cham ber, allow ing seven feet 
to the outside of the building for the w idth of the 
trusses, occupies only 4,096 square feet, whereas in 
the case of the old horizontal cham bers the same 
chamber space would occupy about three tim es this 
area, and the M eyer Tangential System  would require 
from two to three tim es this am ount, depending on 
the size of the cham bers.

IV. Fire-proof and Storm-proof Construction.— The 
method of construction, being en tirely  of steel and re­
enforced concrete, is fire-proof and storm -proof. The 
cost of this construction is about the same or rather 
less for equal cham ber ca p a city  than w hat is con­
sidered a good typ e of construction of the old 'cham ber 
plants, where wooden frames and buildings are used.

V. Economy of Labor.— The com pact arrangem ent 
of this Plant reduces the am ount of labor required to 
the minimum. For an y  P lan t up to 100 tons of 66° 
B. sulfuric acid in 24 hours the labor is as follows 
(12-hour sh ift):

When using brimstone, one cham ber m an who is 
also day foreman, one cham ber man who is also 
night foreman, one d ay  burner man, one night burner 
man— four men in 24 hours.

When using " fin e s '' pyrite, one or tw o laborers 
will be required to  handle the ore and cinder, m aking 
a total of 5 to 6 men in 24 hours.

When using lump pyrite, additional men will be 
needed, depending on the construction of the lum p 
burners.

The operation of the high cham ber (towers, pum p­
ing, concentration, etc.) requires only one man per 
shift of 12 hours.

The scope of this article could scarcely be consid­
ered as including a detailed description of the methods 
of steel construction and lead w ork.1 I t  is sufficient 
to say that the difficulties connected w ith the same 
have been solved in a m ost satisfactory  manner, 
both with reference to protection against fire and 
storms, and the d urability  of the lead work. The 
plants which have been longest in operation have 
demonstrated th at the item  of repairs has been con­
siderably reduced, being approxim ately  only about 
20 per cent, of the am ount usually atten din g the 
horizontal cham ber construction.

2 2 0  B r o a d w a y

N e w  Y o r k  C i t y

1 Ingenieur Awe in an  a rtic le  on  th e  co n stru c tio n  of lead-cham ber 
s [z - ange-Ji. Chem., 25, 2523-2524 (1912)) describes a  m e th o d  of con­

struction which w as first u sed  on  th e  "F a ld in g  H igh C ham ber"  several
iears ag0 and has been con tinuously  used since in a ll of th e  F a ld in g  in ­
stallations.

T E C H N IC A L ACCOU NTIN G AND  C H E M IC A L  CO N TRO L IN 
SU G A R  M A N U F A C T U R E 1

B y D a v i d  L .  D a v o l l , J r .

IN T R O D U C T IO N

For the technical supervision of the m anufacture 
of sugar, whether from beet or cane or w hether the 
purpose be to m ake raw  sugar or refined granulated, 
the activities of the chem ist m ay well be directed along 
three lines of endeavor.

First, The sampling and analysis of all raw  m aterial 
such as coal, coke and lim estone or lime. A lm ost 
w ithout exception in the beet industry and in excep­
tional cases w ith the cane, this includes the d aily  
system atic valuation of beets and sugar-cane deliveries 
for purposes of purchase. Further, it will include the 
analysis of field, samples to determ ine m atu rity  of 
crop in general and the effect of certain influencing 
factors in particular districts.

Second, The frequent and rapid testing of initial 
material, intermediate products at the several “ sta­
tions” of m anufacture and the final products, together 
constituting w hat is known as “ chem ical control.”

Third, The keeping of the sugar account and the 
daily calculation of the efficiency of the various pieces 
of m achinery and of the several interm ediate processes 
of m anufacture.

Chemical control is essentially diagnostic in char­
acter and takes advantage of the know ledge we have 
of how the sugar-bearing m aterial should behave at 
the “ stations” as now inteipreted through chem ical 
tests' and of w hat constitutes recognized, unavoidable 
losses, to put in the hands of the' foremen in charge 
the proper data.

Successful sugar accounting calls for good organiza­
tion first and conscientious, well-trained chem ists to 
carry it out. Success or failure depends upon the 
presence or absence of suitable conveniences, accurate 
factory weights and measures, calibration of utensils 
and the exercise of great care in the sam pling, sub­
sampling, com positing and preserving.

In the beet industry the polarization is practically  
the true sucrose (with raffinose absent) while in the 
cane industry the polarization is never the true sucrose 
but is the algebraic sum of the several optical activ i­
ties, of all the participating bodies, not rem ovable b y  
lead acetate. Therefore, in this article the term  
polarization or “ sugar”  signifies the polariscopic 
reading when reduced to terms of 26 gram s of 
m aterial in 100 m etric cubic centim eters. Sucrose re­
fers to the Clerget figure.

A  few terms, peculiar to the cane industry, m ay 
well be defined here.

Norm al Ju ice .— S tric tly  sp eakin g th is is the w hole ju ice  of 
the cane as i t  exists in the tissues, or th e  com bined ju ice  of all 
the m ill units w hen m illin g w ith o u t th e  ap p licatio n  of w ater of 
Satu ration. I t  still has considerable significance in can e w ork 
b u t none in th e beet. I t  u su ally  runs from  0.1 to 0.7 degree 
B rix  low er th an  the so-called F irs t M ill Juice; it  is also low er in 
p u rity . O w ing to its v aria b ility  under changing conditions it  
should be determ ined b y  actu al run, w ith o u t w ater, a t  stated  

intervals.
1 P a p e r  p resen ted  a t  the  F if th  A nnual M eeting of th e  A m erican  In s t i ­

tu te  of Chem ical Engineers, D e tro it, D ecem ber, 1912.



I t  does n ot appear th a t a proper figure can be obtained in 
less than i/ 2 hour’s run. Its  B rix , taken  in conjunction w ith  
th a t of the m ill raw  juice, is used in calcu latin g the e x ten t of 
the dilution due to  the w ater of saturation.

M ill Extraction .— T he percentage of the sugar in the cane 
th a t has been rem oved b y  the m illing process.

Retention.— T h e am ount of sugar in the form  of com m ercial 
sugar, expressed in term s of percentage of the sugar obtained 

in th e  m illing process.
Total Efficiency.— The tota l sugar in  the form  of com m ercial 

sugar expresses in term s of percentage of th e sugar in the cane. 
I t  is th e product obtained b y  m ultip lying th e extraction  b y  the 

retention.
Blanc .— A  product of vacuum -pan boiling upon v ery  low prod­

ucts variously term ed " f i le te ”  and “ strin g-proof.”  I t  is not 
boiled to grain, b u t is m ade very  concentrated and the density 
judged b y  pulling a sm all qu an tity  ou t to form a  “ str in g ”  or 
rolling a  sm all ball in cold w ater and noting the hardness. '

I t  is th e  final boiling in all houses not provided w ith crystal- 
lizers, the product being set aside in storage for slow cooling 
and crystallization , for from  tw o to three w eeks or more.

A  very brief account of the processes of sugar manu­
facture m ay assist in making clear the purpose of chem ­
ical control and scheme of sugar accounting. United 
States beet and Cuban raw sugars only are considered.

B E E T  SU G AR

The factories of the United States make standard 
white granulated sugar in one operation from the 
sugar beet, which has a sugar content of from 14 
per cent, to 23 per cent, average for the entire crop 
or “ cam paign,”  according to territory, season and 
seed pedigree.

1. d i f f u s i o n  j u i c e .— The beets are washed and 
then sliced into strips 3V2 to 7 mm. wide and 2-4 mm. 
thick, with cross-section V-shaped and the sugar 
extracted b y  a highly developed process of diffusion, 
a t definite temperatures, leaving behind the “ pulp,”  
of sugar content 0.25-0.30 per cent. There results 
a very  clean, but dark colored liquor, warm to hot, of 
density 0.8-0.9 th at of the original juice of the cossettes 
(sliced beets), which goes to duplicate tanks for meas­
urement, after which it is forced b y  centrifugal pumps 
to tall, closed tanks.

2. L IM IN G  AN D C A R B O N IT A T IO N .— Lime to the 
extent of 21/, per cent, to 3 per cent, of the beets or 
lime-saccharate as produced, both in the form of 
“ m ilk" of 1 7 0 B., is added, while sim ultaneously the 
mass is brought to a definite, high tem perature by 
injected steam and carbonic acid from the lime kilns 
is pumped in. A t the precise moment of granulation 
of the precipitate of CaCOs, etc., judged w holly b y  
the eye and corresponding to 0.1-0.14 per cent. CaO 
alkalinity, the mass is released to the pumps which 
serve the set No, x filter presses.

3. t h e  f i l t r a t i o n s .— A fter issuing from the first 
set of presses under atmospheres of pressure in 
form of a brilliant, pale straw-colored liquor, it goes 
to a second set of tanks for further liming and carboni- 
tation, where the alkalinity is brought to 0.015-0.025 
per cent. CaO. I t  is then passed through a second set 
of filter presses and then “ sulfured.”  The presses 
are' clothed with duck or jute or both. The press 
cakes are washed with hot water (condensed) to a
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definite sugar content, set No. 1 to  1 per cent., set 
No. 2 to 0.5 per cent., judged b y  applying a suitable 
hydrom eter to the issuing “ sweet w aters.”

4. “ s u l f u r  s t a t i o n ”  n o . i .-— Bleaching by means 
of S 0 2 gas takes place here, reducing the reaction to 
faint alkalinity, neutrality or fa int acid ity  as occasion 
demands, but alw ays to a definite figure. The process 
is perhaps invariably a continuous one.

5. g r a v i t y  f i l t e r s  n o . 1 .— Passing through these 
is preparation for evaporation under multiple-effect 
system.

6. c o n c e n t r a t i o n .— B y  means of quadruple or 
quintuple effect the density is raised to 600 Brix, 
some ammonia is given off, lowering of alkalinity in 
the absolute but rising as result of concentration; 
some precipitate forms. “ T hick  ju ice”  results.

The work is now in the “ boiling” house.
7. “ s u l f u r ”  s t a t i o n  n o . 2, o r  “ b l o w - u p s .” —  

The reaction is here brought to the desired point, 
either fa in tly  alkaline or acid and b y  careful test, 
in accordance w ith  a figure that has been found to 
g ive the best results a t th at factory  and particular 
district and often influenced b y  the season: 0.02 per 
cent. CaO (basis) is seldom exceeded either way. 
A cid ity  m ay be aided b y  phosphoric acid; alkalinity 
induced b y  lime or soda ash. The th ick  juice, like all 
products passing this station, is here “ blown up” 
w ith injected steam  and reduced to uniform Brix, 
quite generally 60 °, to dissolve an y grain, aid filtration 
and prom ote good boiling in the pan.

8. g r a v i t y  f i l t e r s  n o . 2.— These serve all prod­
ucts in the intricate but system atic w ork of the “ boil­
ing” house such as th ick juice, high and low wash and 
greens and m elted sugar, rem oving all suspended 
m atter in preparation for the pan-service tanks.

9. t h e  m a s s e c u i t e .— This is form ed in a vacuum 
pan working under 26-28 inches of vacuum  and in 
masses of m any tons.
, The boiling to grain is carried out purely as an art 
b y  men who m ake it a profession. Of course, it is 
based entirely upon well-known scientific principles. 
It  is essentially crystallization-in-m otion, during 
which the product, constan tly  augm ented in quantity 
b y  fresh injections of liquor, is resolved into grains of 
sugar and a more or less de-sugared mother liquor.

The final result of the process is judged upon the 
so-called p u rity  test. The initial product from the 
beets generally carries a p u rity  of 88; as the sugar 
crystallizes and is rem oved b y  the centrifugals the 
purity  ratio necessarily lowers, thus becoming a 
measure of efficiency and of param ount importance.

The first boiling, followed b y  hot turbinating, gives, 
upon washing or “ covering” w ith  diluted liquors, 
white refined sugar, a “ w ash” of 90-92 purity and a 
m other liquor of 78-80 purity. A  second boiling to 
grain, massecuite having 78-80 purity, discharging 
while hot to the crystallizers, cooling there with the 
aid of a helix and w ater jack et for about three days 
and then centrifugating, gives a yellow  sugar and an 
exhausted molasses, p u rity  58-60. The yellow sugar 
is redissolved and boiled, variously  combined, to white 
refined sugar.

AND E N G IN E E R IN G  C H E M I S T R Y  Mar., 1913
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If it is the intention to  recover still more sugar from 
the molasses so reduced in p u rity  th at it will yield  no 
more sugar by crystallization, the sugar m ay  be pre­
cipitated by a large excess of one of the oxids of the 
alkaline earths.

In the United States lime oxid is used, in absolutely 
anhydrous and im palpable powder. Tricalcium  sac- 
charate results, later soluble in the saccharine juice 
to monocalcium saccharate.

10. t h e  c o o l e r s .— Under agitation the powdered 
lime is slowly sifted into the molasses previously re­
duced to 12 -14 0 B rix, kep t cool at a definite tem pera­
ture meanwhile, until the density of a filtered sample 
indicates 6 -7° B rix. I t  is then filter-pressed as 
quickly as possible.

11. s a c c h a r a t e  p r e s s e s .— The ordinary K roog 
type of press produces 40 cakes of 1 inch thickness; 
the saccharate presses produce a m uch th icker cake, 
usually 21/, inches thick; th ey  fill and wash readily. 
The product from the coolers is here separated into 
the saccharate of 86-98 p u rity  and a m other liquor 
known as “ press w aste w ater”  of 6 -7 °  B rix  and 10-20 0 
purity, all from a 58-62° p u rity  molasses. The w ash­
ing with cold w ater alone or com bined w ith its own 
higher “ sweet w aters”  is continued until a liquor 
having a Brix of 2‘ /2 to 3 0 results and the p u rity  of the 
last runnings m ounts to  15-30. The total product 
of the washing is know n as “ wash w ater.”

12. s a c c h a r a t e  a n d  s a c c h a r a t e  m i l k — The sac­
charate pfess cake is transported to the lim ing and 
carbonating station of the main factory  process, in 
the form of milk, being discharged d irectly  into tanks 
provided with stirrers, where it is incorporated with 
liquors' brought th ither from  various parts of the 
factory and bearing from know n small am ounts of 
sugar to mere traces.

A separate sugar account is required for the sac­
charate process and the yield  should be about 67 per 
cent, of the sugar charged to it, in the form  of refined 
white.

C A N E  S U G A R

Raw sugar factories dealing w ith  cane aim  to pro­
duce a sugar th at w ill keep during storage and trans­
portation, of a sugar content th at will bring the highest 
price for the total sugar output and to get as high a 
yield as can be proved to be econom ical in the final 
summing up of all the conditions.

It is generally conceded th a t  an even 96° V en tzke 
polarization at the port of en try brings the highest 
profit. It is very probable th at all ’other grades will 
soon be suppressed.

t h e  m i l l i n g .— H eavy  iron mills replace the 
diffusion battery of the beet-sugar process. The 
installation generally consists of three units (individual 
mills) Placed in tandem  and com posed of three rolls 
each, there are intervening conveyors and the whole 
train is preceded b y  a crusher of tw o rolls.

The crusher serves to break the outer rind and the 
nodes, liberating at the same tim e considerable juice 
" ich flows to the bed plate of the first unit. The 
r° s are Ponderous; 7 feet long b y  three feet in diam eter 
maY be taken as a type.

The cane gets tw o compressions in passing through 
each unit, being sustained b y  the “ turn b ar” as it 
issues from between the cane roll and the top roll 
and passed on to be caught b y  the bagasse roll and the 
top roll for the still closer compression.

The cane, not being laden w ith molasses-forming 
salts to the great exten t th at the beet is, the rupture 
of the cells is not attended w ith  disastrous conse­
quences. N aturally  the ratio between the fiber of 
the cane entering an y given unit of the tandem  and 
th at of the bagasse issuing therefrom , is a measure 
of the efficiency w ith respect to the am ount of liquid 
expressed. W here w ater of saturation is applied, hot 
or cold, it is generally sprayed forcibly upon the 
bagasse as it issues from the unit n ext the last, a t the 
point of im mediate release from  pressure; the im bibi­
tion of the thin juices is the further developm ent of 
the w ater treatm ent and is simple and effective. 
A s high as five units and a crusher or in all, seventeen 
rolls have been em ployed in one tandem .

The juices from the first and second units only enter 
the process of m anufacture, i. e., under a system  of 
combined saturation and im bibition, and, united, 
constitute the mill raw juice.

■ 2. m i l l  r a w  j u i c e .— Som etim es called diluted 
juice.

W ith respect to its p u rity  it is considered to represent 
the original juice of the tissues of the cane.

It  is either at factory tem perature or a trifle above 
it, depending upon the saturation w ater tem perature; 
it is charged w ith air, turbid from suspended album i­
nous m atter, w ax, insoluble salts, clay, and fiber—  
this even after being strained through copper or brass 
sieves of 1 5 -1 9  perforations per linear inch.

It  is pumped to tanks for m easurements or weighing 
and is then limed. W here h eavy lim ing w ith carboni- 
tation  is not practiced (and I know  of no factory  in 
Cuba doing this) the juice is only neutralized.

3. l i m i n g  o r  “ t e m p e r i n g ”  t h e  j u i c e . — This is 
generally accomplished in sets of three large tanks 
per tandem, one filling, one under treatm ent and one 
discharging. R epeated trials upon different sized 
tanks have shown a size corresponding to three hecto­
liters per ton of cane per hour to be advantageous.

Chemists carry the reaction of the juice generally 
about neutral to litm us paper. The subject can be 
said to have been scarcely attacked  from the quanti­
tative  standpoint.

Continuous lim ing is practiced in some factories.
Lim e and heat form  clear juice and cachaza or 

“ scum .”
A fter liming, the juice is passed through heaters 

where the product m ay be even superheated if desired, 
depending upon whether it is desired to elim inate 
all the air b y  a “ flashing”  operation before com plete 
settling. If the air is not eliminated a th ick  scum rises 
to the top a t 95° C. called “ blan ket,”  a small portion 
sinks to the bottom , while the separation is being 
effected in so-called defecators varyin g  in size from 
35-100 hectoliters, net; the tim e for m aking one com ­
plete round of the defecators will be 60 m inutes but 
cap acity  should be had for 90 minutes, to allow  for
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irregular liming ; 15 per cent, of the tim e will be consumed 
in ‘filling, em ptying and cleaning.

Continuous settling is effected in the Deming process 
and in the H atton defecators.

The slightly opalescent, straw-colored juice is gen­
erally run, w ithout filtration, m erely décantation 
continuous or interrupted, directly to the multiple 
effect.

I t  should be passed through fiber or g ra v ity  filters 
if for nothing more than to catch much cachaza that 
slips into the process interm ittently. The decanted 
cachaza is washed b y  décantation in small tanks and 
then sent to frame presses for compression and some­
tim es washing. Evaporation is carried to 55° B rix 
in a cane house, to facilitate (x) settling and (2) avoid­
ance of false grain.

The boiling of the meladura to grained massecuite 
is similar in principle to that carried out in a beet 
factory.

Cane products grain with great facility, while beet 
products sometimes present great difficulty, conditions 
brought about b y  the variance in the character of the 
non-sugars, purity remaining the same.

G enerally three grades of grained massecuites are 
boiled where crystallizers have been installed, all upon 
a nucleus of original meladura which ranges in p urity  
from  80-92, according to district and time of season.. 
First massecuite, purity  80-84, yielding a sugar 
polarizing 97-98° Ventzke and a corresponding green 
syrup or molasses of purity 60-64. Second massecuite, 
purity  70-74; corresponding molasses, centrifu­
gated hot, 48-54; centrifugated after limited cooling 
in motion, purity 40-46; resulting sugar, washed by 
w ater or liquors to 96° V . Third massecuite, purity 
5S-63; corresponding molasses (final product), purity 
30-35; resulting sugar polarization depending upon 
treatm ent. This last massecuite, when at 35-40° C. 
and 4-5 days old in crystallizers, is generally centrifu­
gated and the untreated sugar discharged into a 
m ixer where high-grade molasses is incorporated w ith 
it and it is again centrifugated and washed to the 
degree desired, generally 96. This process is styled 
“ m ingling.”

In factories not provided with crystallizers (which 
keep thé grain in motion) the exhaustion of the product 
when it reaches the purity  48-54 must be accomplished 
“ a t rest,”  which is brought about b y  discharging the 
final boiling, boiled “ blanc" to a B rix of from 88-91, 
according to conditions, into small iron wagons or into 
large tanks where it is allowed to cool quietly and 
crystallize spontaneously for from 12-21 days or 
longer.

(To be concluded in  the A pril issue.)

A  M O D IFICATIO N  OF T H E  P A R R  T O TA L CARBON A PP A ­
R A T U S

B y C. E . M i l l a r  

R eceived D ecem ber 13, 1912

The following modification, while used b y  the 
writer in connection with the Parr total carbon ap­
paratus, is equally applicable to an y gas burette. 
I t  has not only been found valuable as a time saver

but a great convenience since rapid changes of tem­
perature and pressure are com pensated for by the 
apparatus. W hen the am ount of gas is sufficient to 
fill the pipette several times, as often happens in the 
determ ination of tota l carbon in soils, variation of 
tem perature and pressure during the determination 
cause no trouble. In addition the long and tedious 
calculations necessary under form er conditions in 
determ ining tota l carbon in soils and coals are reduced 
to m ultiplication of the p ipette reading b y  a constant.

The diagram  shows the modified portion of the Parr 
apparatus. W hen the sealed tube A  is p ut in place 
and connected to  B b y  means of D the heights of the

m ercury columns in the arm s of D are carefully marked. 
The barom etric reading and the tem perature of the 
bath C, which should be at room temperature, are 
also taken. I t  is obvious that' B and G  should be 
em pty during the operation or else the core of one ot 
the cocks E  or F ,should  be rem oved in order that the 
gas in A  be under atm ospheric pressure. The sealed 
tube A  is filled to a depth of three or four inches with 
a portion of the same solution used in the pipette B. 
Since the two tubes are in the same bath  the vapor 
pressure is the same when the height of mercury w 
the arms of D is the same.

W hen a  volum e of gas is collected in B it is a llo w ed  

to stand until of the sam e tem perature as C and hence 
of A. The stopcocks E and F  are now  opened so as 
to connect B and A. The leveling bulb G  is a d ju s te d  

until the level of the m ercury in D is the same as when 
the apparatus was set up, in other words at the mark.
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The volume of gas is now read and after absorption 
in the bulb K  and drawing back into B, the process 
of leveling and reading is repeated in the same' manner. 
These readings g iv e  the volum e of the gas absorbed 
at the same m olecular concentration as the gas in A  
when the apparatus was set up. The reading, there­
fore, need only be m ultiplied b y  the factor found to 
apply under those conditions.

In the bottom  of the bath  C there is a Bunsen valve  
which, by turning on the filter pum p at the top, allows 
a current of air to pass through the bath  C thus keeping 
the liquid well stirred. The tube D should be of small 
bore and of sufficient length to allow  for the variations 
of temperature from season to season.

The above modification m ay be fitted to the ordinary 
Parr apparatus or gas pipette b y  inserting the stop­
cock E.

The writer wishes to than k Professor George H. 
Failyer for a suggestion th a t led to the above m odifi­
cation.

C h e m i c a l  L a b o r a t o r y  K a n s a s  E x p e r i m e n t  S t a t i o n  

K a n s a s  S t a t e  A g r i c u l t u r a l  C o l l e g e  

M a n h a t t a n

IMPROVED A P P A R A T U S  FO R  TE STIN G  T H E  J E L L Y - 
S TR E N G TH  OF G LU ES

B y  E . C. H u l b e r t  

R eceived N ovem ber 1, 1912

The apparatus consists of a thistle tube, the stem 
of which is twice ben t and contains three bulbs. The 
two larger are about 2 cm. diam eter and serve as 
safety traps; the sm aller is accurately  graduated  to 
contain 1 cc.

Over the mouth of the thistle tube is stretched a
diaphragm  of thin rub­
ber. The far end of 
this tube connects 
through a 4-way stop­
cock w ith  a gage 
consisting of a m er­
cu ry  filled U tube 
having its far arm  e x ­
tended upward and of 
sm aller bore, this arm 
containing w ater or 
other liquid above the 
m ercury. A  rubber 
bulb is attached to one 
arm  of the stopcock, 
the rem aining arm 
being left open to the 
air.

The sam ple of glue- 
je lly  is raised b y  
means of the ad ju st­
able stand until the 
liquid in the bulb tube 
reaches the upper 
graduation  m, and the 

stand secured in this position, the stopcock meanwhile
e’ng set to connect arm s A ,B ,C  (see diagram ). The

cock is now turned to connect arm s A ,B ,D  and enough 
air f°rced into the system  b y  means of the rubber

bulb, to force the liquid in the bulb-tube down to the 
lower graduation n, the cock turned to an inter­
m ediate position and the gage read.

The principal advan tages of this apparatus over 
others are: The figure obtained is not influenced b y
the- condition of the surface of the sample, such as 
form ation of a tough “ sk in ,”  rapid change of tem ­
perature during the test, etc. The error due to sup­
porting a colum n of w ater resting d irectly  upon the 
glue surface, as in another som ewhat sim ilar apparatus, 
is avoided; this is of especial im portance in case of 
glues of low grade.

The reading is quickly  m ade and m ay be repeated 
three or four tim es on the same sam ple, if desired.

No error is introduced either b y  the apparatus itself 
or its m anipulation; duplicate samples, tested under like 
conditions of tem perature, etc., g ive identical readings. 
The apparatus is simple and inexpensive and m ay be 
constructed b y  anyone having m oderate skill in glass 
working.

Glues m ay be tested either under constant conditions 
of tem perature and strength of solution, or com pared 
w ith a standard glue.

The gage scale m ay be graduated  in an y  convenient 
w ay, as b y  comparison w ith  another typ e  of glue test­
ing apparatus, or w ith standard glues.

S u l z b e r g e r  &  S o n s  C o .
K a n s a s  C i t y , M o .

A U SE F U L V A L V E
B y  N a t h a n  S m i t h

R eceived N ovem ber 15, 1912

This simple “ hom e­
m ade” va lve has proved 
very  efficient in pre­
venting the “ suckback” 
which usually results 
in vacuatin g desiccators 
b y  w ater s u c t i o n ,  
when the pressure is 
suddenly lowered. The 
v a l v e  m a y  a l s o  b e  
a d v a n t a g e o u s l y  em ­
ployed in the K jeldahl 
nitrogen determ ination.

A  s m a l l  e v e n l y  
drawn tube, A  (the 
tip of an old pipette
serves the p u r p o s e ) ,  
is fitted w ith a piece 
o f  r u b b e r ,  B, which 
a c t s  as a valve. A  
piece of w i r e ,  C, i s  
d r a w n  through t h e  
center of t h e  valve
and bent a s  shown.
Another piece of glass 
tubing, D, is'fitted  over 
t h e  valve t u b e  b y  
means of rubber con­
nection, E.
L a b o r a t o r y  S c h i e f f e u n  &  C o . ,  

N e w  Y o r k  C i t y
D e s /  c c a f o r
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ADDRESSES
T H E  NEEDS OF TH E MINING IN D U STRY

B y  J .  F .  C a l l d r e a t h 1 

R eceived F eb ruary  6, 1913

T h e tw o foundation industries of the U nited  S tates are agri­
culture and mining. A gricu ltu re is perhaps tw ice  or three tim es 
as im portan t as m ining in the num ber of m en engaged and in 
the valu e of its product.

Irrespective of their relative im portance, one th in g stands 
ou t preem inently and th a t is there can be no great agricultural 
prosperity  w ithout the prosperity of the mines. T h e population 
th a t depends upon the mines and the m anufactured products 
of the m ines supports agriculture.

Ju st the other d ay the Sen ate com pleted a piece of legislation 
w hich w ill g ive to the various S tate  agricultural colleges the 
sum  of three m illion dollars y e a rly  for the extension of their 
w ork am ong the farmers. T he bill was passed through both 
houses w ith  com parative case, as every  one seems to have a 
thorough know ledge of the needs of agriculture. A  rep ort which 
accom panied this bill shows th a t the N ational G overnm ent has 
spent on the agricultural experim ent colleges and experim ent 
stations in round figures S70,000,000; th a t it  now  spends 
$3,940,000 in cash annually upon them ; th a t Congress has ap­
propriated each y e a r  S i 5,000,000 for carrying on the exclusively  
a gricultural w ork of the D epartm ent of A griculture.

W ith  the additional $3,000,000 each y e a r  ju s t granted, the 
to ta l Federal aid given agriculture annually will be a t  least 
$22,000,000. T he result of this generous expenditure of m oney 
b y  the Federal G overnm ent for agriculture is seen in th e phe­
nom enal increase in production from y e a r to  y ear and the final 
bum per h arvest of la st fall.

T hese great appropriations for agriculture have been con­
tinued for ye ars  until to -d ay  the officers of this departm ent de­
clare th a t a  v a st am ount of valuable inform ation is now in e x ­
istence w aitin g  some effective m eans of gettin g it  into operation 
b y  the farm ing people of the U nited  States. T he plea for the 
additional $3,000,000 was to ta k e  this inform ation d irect to  the 
farm ers.

W h a t do w e find the situation to  be in regard to  mining? 
T h e B ureau  of Mines is gettin g one-half a  million dollars a year, 
a b o u t as m uch m oney as is granted to the D epartm ent of A g ri­
culture for the printing and binding of its publications. T he 
G eological S u rvey, in existence m any years, is now getting one 
m illion and a half dollars a year, a considerable p a rt of which is 
used fot th e benefit of agriculture and other industries. This 
is a  to ta l of tw o m illion dollars of Federal aid for the great m ining 
industry' w ith  its param ount unsolved problem s— problems th a t 
are outside of solution b y  private  parties.

In agriculture the men w ork in th e open sunlight w ith  a 
m inim um  of hazard to  life. I11 m ining n early 700,000 men w ork 
in the dark caverns underground w ith  a  hazard th a t is not 
equaled in any other industry. T h e mines and quarries of the 
U nited  S tates have an  annual death  roll of more than 4,000 men 
an d  60,000 injured. T his calam ity  of death leaves in its trail
2,500 or more widows and 15,000 fatherless children. I t  places 
upon the states the burden of caring for m any of these widows 
and orphans, an am ount th a t m ust be m any hundreds of th ou ­
sands of dollars a year.

W e know  from  the experience of foreign countries th a t fully  
one-half of the num ber of deaths in the mines of the U nited 
S tates are unnecessary. W e kn ow  th a t the w ork of the B ureau 
of Mines has reduced this terrible death-rate in the coal mines. 
T h e deaths in 1912 in the coal mines w ill be app roxim ately 800 
less th an  in the y e a r 1907, when this w ork w as first begun.

1 S ecretary  of th e  A m erican  M ining Congress.

P ractica lly  nothing has been done b y  the B ureau  in regard to 
the deaths in m etal m ines and th e  ra te  is heavier than in'the 
coal mines. N eith er has a n y th in g  been accom plished in reduc­
ing th e num ber of deaths in the quarries w hich have a still 
higher ra te  th an  th e m etal m ines. T his w ork can  not be taken 
up until Congress and th e  people of th e U n ited  S tates begin to 
have som e adequate  idea of the im p ortan ce o f ' the mining 
industry.

So difficult has it  been  in th e p a st to o b ta in  appropriations 
for th is hum ane w ork, th a t  those of us w ho are interested have 
learned to be extrem ely  m odest in th e  appropriations we have 
asked for. O n ly  sligh t increases are asked for th e  coming fiscal 
year, w hen in fa c t th e B u reau , on th e  basis o f w h a t i t  has already 
accom plished, can  w ell spend tw o or th ree  m illion dollars each 
y e a r  to  the benefit of the entire cou n try , ra th er th an  the one-hali 
m illion w hich it  now  has.

T ak in g  o u t of consideration  th e unusual hazard of mining and 
the fact th a t  w e  are k illin g  from  th ree  to  five  miners in this 
cou n try  each y e a r  where E uropean  countries are killing one and 
tw o, there is con fron tin g Congress th e  question  w'hether it will 
allow W estern  m ining to  languish and grow  less w ith  a diminish­
ing num ber of m en em ployed in each  state , or g iv e  to  the mining 
in dustry th a t aid which is s im ilarly  g iv en  to  agriculture to re­
habilitate  th is in du stry and increase th e  prosperity  of the 
country, W hen I sa y  th a t  th e  W estern  m ining industry is 
I anguishing, I  h ave  statistics to  bear m e o u t in th e statem ent

In 1906, in th e states of Colorado, M ontana and Idaho, the 
value of gold, silver, copper and lead p roduced reached a value 
of $298,174,000. In  1910, the valu e  of th e production of the 
sam e m etals in th e sam e sta tes  w as $251,000,000, a  loss of near 
$50,000,000. In  1900 Colorado em ployed 40,000 miners; in 
1910 th a t sta te  em ployed 19,000 m iners. In  1906 Montana 
em ployed 15,000; in 1910, 14,000 m iners. In  1906, Idaho em­
ployed 7,000 m iners; in 1910, 6,000 m iners. In  Colorado, in 
th e y e a r  1900 th e precious m eta l p rodu ction  amounted to 
$50,000,000; in 1910 th e production  w as $32,000,000. There 
is a definite reason for a ll this. T h e  d a ys of bonanza mining 
are gone and w e  are now  dow n to  th e  trea tm en t of low-grade 
ores. T h is has led to a series of p erp lexin g problems— the 
treatm en t of low -grade re fracto ry  ores as v a ry in g  in character 
as th e faces of th e  hum an fam ily . In  the R o ck y  Mountain 
S tates w e have m illions of tons of these low -grade ores containing 
practica lly  billions of dollars in value.

T h e processes b y  w hich these ores m a y  be reduced are more 
com plex th an  a n y  of th e specialized problem s you  have 011 the 
farm s. T heir solution  is b eyon d th e reach  of p rivate  capacity 
e xcep t in the ra rest instances w here large combinations of 
cap ita l have succeeded in p erfectin g certain  processes, which 
th e y  keep to  them selves.

These problem s gen erally  can  be so lved  on ly  through the aid 
of the Federal G overnm ent, and u ntil th e y  are solved the Wes­
tern  m ining in dustry w ill continue to  decrease in the value of 
production and the num ber of m en em ployed.

T h e Bureau of M ines has asked for $250,000 to  begin w o rk on 
such problem s and to  ta k e  care  of the sa fe ty  of the miners em­
ployed in these mines. I f  p a st exp erien ce is repeated, it will he 
w ith the greatest d ifficu lty th a t  the m em bers of Congress can be 
shown the need for such an  appropriation . In  fact it will be 
m ore difficult to  obtain  the $250,000 for th is g re a t industry than 
to obtain  m illions for agriculture.

I do n ot o b ject to  agriculture ob ta in in g  th e increased year!) 
appropriation of $3,000,000 for th e extension  of th e work of the 
agricultural colleges in th e states, b u t I am  anxious to know 
w h y  a  bill introduced b y  R ep resen tative  Foster, Chairman of the
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House Com mittee of M ines and M ining, and w h ich  has the a p ­
proval of the entire com m ittee, ca llin g  for an  exp en ditu re of a 
maximum of $1,2000,000 y e a r ly  for m ining schools in the various 
states, does n o t'ge t an op p o rtu n ity  to  com e before th e H ouse for 
passage. I w an t to  k n ow  w h y  agricu lture  w hich has been so 
adequately cared for du rin g m a n y y e a rs  can , w ith  such case, o b ­
tain $3,000,000 addition al funds for its w ork, w h ile  th e bill for 
mining schools rem ains on the calendar, w ith  th e fear am ong its 
friends that it  m ay n ot ob tain  sufficient su p p ort for its passage. 
I want to know how Congress is to  look a t  th e proposed ap p ro­
priation for one-half m illion dollars for buildings for th e B ureau  
of Mines at Pittsburgh, P a. I  m a y  sa y  th a t there is no d ep a rt­
ment or bureau of the F ederal G overn m en t so b a d ly  and so in­
adequately housed as th e B ureau  of M ines E x p erim en t S tation  
in Pittsburgh. T h e w o rk  is being conducted under the grea test 
difficulties in buildings belonging to  the W a r  D ep artm ent, som e 
of them nearly one hundred years old. F urth er, th e W a r D e­
partment is anxious to  regain  possession of its p ro p erty  and has 
been continually n o tify in g  th e  B ureau  of M ines th a t i t  m u st g e t 
out. Here is an em ergen cy as far as the m ining in d u stry  is 
concerned. W h a t w ill Congress do?

I am heartily in fav o r of th e increased appropriation  for 
agriculture, bu t m ining also has sim ilar righ ts and grea ter needs.

There is no in dustry w hich adds so m uch per cap ita  w ealth  
to the country as th e m in in g in du stry. T h ere  is 110 in d u stry  
that, man for m an, produces so m uch valu e  to  th e  co u n try  as 
the mining industry. I t  is an in d u stry  th a t m u st go hand in 
hand with agriculture. T h e  p ro sp erity  of th e co u n try  depends 
upon the success of both . A gricu ltu re  can  n ot succeed w ith o u t 
mining.

I am at a loss to understand w h y  m ining is so litt le  app reciated  
in the United S tates w hen i t  a tta in s  such high com m an din g p laces 
in every other nation of the world.

THE CHEMICAL E N G IN E E R  AND IN D U ST R IA L  E F F IC IE N C Y 1
B y  W . M. B o o th  

The chemical engineer can  ta k e  his leg itim ate  p lace in  in ­
dustrial affairs on ly  w h en  he begins to  con cern  him self w ith  
values and returns and can  tran spose th e  signs and sym bols of 
the chemist to th e dollars, cen ts and p ercen tages of th e  business 
world. The profession m u st n ecessarily  in clude m en w ith  d iver­
sified mental attribu tes, experien ces and education. N atu ra l in­
ventors, builders, execu tives, an a ly sts  and econom ists are 
examples of the m en w ho w ill choose th is bran ch  of engineering 
as a life work.

Ih e  first and highest ty p e  of en d eavor conccrns itself w ith  
the invention of new  processes and th e p erfectio n  of these, 
later establishing useful industries. R e la tiv e ly  few  m en have 
the ability, courage and m eans to  em bark  in to ta lly  n ew  en ter­
prises, and the larger p ercen tage of th ose w ho do so, fail, be­
cause these three im p o rtan t elem ents arc n ot p rop erly  balanced.

Not less im portant, b u t dem an din g a differen t ty p e  of m ind, 
perhaps more strongly a n a ly tica l in its n ature, is the large and 
ever-increasing field open to th ose w ho arc  ab le  to  im prove 
or effect economies in th e processes of firm s a lread y  established. 
Closely related to this is th e exam in ation  of new  enterprises 
that seem to have m erit and w hich need scientific assistance 
and capital for developm ent. N o grea te r dam age has ever 
been wrought on A m erican  investors b y  a n y  class of m en th an  

y the ‘ new ch em ical,”  “ p r iv a te ,”  or “ S e c rc t p ro ccss”  pro­
moters who have used th e subtleties of the science as a basis for 
fraud.

Irrespective of the p a rticu lar div ision  of en d eavor undertaken, 
t e che.mical engineer m u st fo rtify  him self aga in st all classcs of 
misrepresentation, and m u st concern  him self w ith  questions of 
process, cost, m arket, location  and actu a l ca p ita l needed in an y  
nc"  industrial enterprise. N o considerable in vestm en t should
tut  ̂a^er P resented  a t  th e  F if th  A um ial M eeting  of th e  A m erican  In s ti-  

C Ch™iical Engineers, D e tro it, D ecem ber, 1912.

ever be m ade w ith o u t a  com plete re p o rt from  con servative  m en, 
w ho are fam iliar w ith  th e in dustry in volved.

W hile  th e basic operations of a c tiv ity  include agricu lture, 
m ining, tran sp ortation  and m an ufacturin g, th e la tte r  is chosen 
as best exh ib itin g th e use of th e chem ical engineer alon g the 
lines previously pointed out.

T hose who have m ade a carcfu l stu d y  of th e splendid papers 
of Dr. M unroe1 and Dr. M cK en n a 2 to be found in th e  proceed­
ings of th is In stitu te  have been im pressed w ith  th e fa c t  th a t 
n early  all of the m an ufactu rin g of th e  U n ited  S tates  is carried 
on c a st of the M ississippi R iv er, and th a t  m ore th an  one-third 
of this is confined to N ew  Y o rk , N ew  Jersey and P en n sylvan ia . 
T h e follow ing census rep ort show s the increase in cap ita l and 
people em ployed from  1850 to, and including, 1909:

C a p i t a l  i n v e s t e d  i n

M AN U FACTU RIN G  E M P L O Y E E S

1850................................  S 533 ,245 ,000  957,059
1860.....................................  1 ,0 0 9 ,856 ,000  1 ,311 ,246
1870.....................................  1 ,6 9 4 ,567 ,000  2 ,0 5 3 ,9 9 6
1880...................................... 2 ,7 9 0 ,2 7 3 ,0 0 0  2 ,73 2 ,5 9 5
1890...................................... 6 ,5 2 5 ,0 5 1 ,0 0 0  4 ,2 5 1 ,5 3 5
1900..........   9 ,8 1 3 ,8 3 4 ,0 0 0  5 ,3 0 6 ,1 4 3
1910...................................... IS ,428 ,270 ,000  6 ,6 1 5 ,0 4 6

I t  w ill be seen th a t the in vestm en t a t  th e la tte r  d ate  am ounts 
to eighteen billion dollars and th e num ber of em ployees to  over 
six  m illions. T o m ain tain  th e a lm ost perpendicular increase 
in our m an ufacturin g activ ities is th e  d u ty  of th e  com m on­
w ealth, for no more useful ty p e  of industrial a c t iv ity  can  be . 
found, especially w hen our products can  be placed in foreign 
m arkets a t  a profit.

T h e observations covered b y  th is paper are necessarily per­
sonal and have accum ulated during tw en ty  years, ten  of w hich 
have been devoted m ain ly  to  the questions now  to  be discussed. 
T h e  observations cover fifty-th ree  “ g o in g ”  p lants, representing 
th irty-seven  industries, and som e others th a t h ave  n ever gone 
further th an  a prospcctus distributed b y  an ign oran t or a  dis­
hon est prom oter. O bviously, in a  paper of th is kind, a  gen­
eral outline on ly can  be given.

In  looking back over the ye ars  covered, it w ould seem  as 
though the period has been one of u nexpected crises— rising 
w ages, unsettled m a rk et conditions, and acu te  com petition. 
A m o n g the fifty-three concerns above m entioned, th ere h ave  
been e igh t failures, tw o h ave  w ithdraw n from  business and one, 
only, has burned. T h e rem aining industries are ow ned as fo l­

lows :

P riv a te  11
C orporations 19
T ru sts  12

T he failures were a t tr ib u te d  to  th e  following causcs:
Two to  incorrect conceptions of th e  costs and  p rofits  of a  business.
Two to  dishonest em ployees.
Two to  incom peten t supervision.
One to  insufficient w orking cap ita l.
One to  m an ipu lation  of th e  stock  in New Y o rk  C ity in  1907.

T h e superintendents of tw e n ty  p lants h a v e  been forced o u t 
or discharged for reasons such as in atten tion  to  d u ty , incom pe­
ten cy , la ck  of know ledge of th e business, tru st m anagem ent, 
the introduction of n ew  m ethods, in ab ility  to  p a y  d ividen ds on 
inflated stock issue, dissention am ong officers of th e  com pany 

or in ab ility  to  handle help.
A s I understand th e m atter, a  general efficien cy su rv e y  of 

a n y  business m ust recognize th e follow ing conditions:

E X T E R N A L

Policy of th e  governm ent tow ard  an  industry . C apital npon which 
d ividends m ust be earned.

Location.
Cost of p la n t and equipm ent.

1 “ The Chem ical In d u strie s  of A m erica ," Chas. E . M unroe, Trans. 
A m . Inst. Clievi. Eng.. 2, 84.

2 “ The C entering of G rea t Industrie s  in th e  N ew  Y ork  M etropo litan  
D is tric t,"  Chas. F . M cK enna, Trans. A m . In st. Chem. E ng., 2, 65.



238 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 Mar., 1913

IN TERN AL

Unit cost of finished product, subdivided as follows:
Raw materials Supplies Fixed charges
Labor Office expenses Interest
Power Repairs Depreciation
Lighting Sales Insurance
Heating Advertising Taxes
Cartage, freight and express Charity

C o n sid e rin g  th e  c a p ita l in v e ste d , a n d  th e  im p o rta n c e  o f th e  
m a n u fa c tu r in g  bu sin ess to  a ll th e  p eop le, la b o rers , tra d e sm e n  

an d  sto ck h o ld ers , th e  G o v e rn m e n t is b o u n d  to  re sp ec t, fo s te r  

an d  p r o te c t  th ese  in te re sts  a t  a ll tim es. I t  w o u ld  m a n ife s tly  be 
su ic id a l to in tro d u c e  a n y  h ig h ly  p r o te c te d  in d u s tr y  in to  the 

U n ite d  S ta te s  p e n d in g  ou r ta r iff  ch an g cs.
T h e  p a ssin g  o f th e  p io n eers w h o b u ilt  an d  o p e ra te d  o u r first 

m ills  h as th ro w n  the re sp o n sib ility  of o w n ersh ip  u p o n  th e  sh o u l­

d ers of m a n y  m en  to ta l ly  u n fitte d  b y  e x p e rie n c e  o r te m p e r a ­
m e n t to  c a r r y  on  th e  business. T o  a d d  to  th is  m isfo rtu n e  of 

in h er ita n ce , a ll b asic  in d u stries h a v e  e x p a n d e d  e n o rm o u sly , r e ­

q u ir in g  m ore c a p ita l th a n  o n e  fa m ily  o r g ro u p  o f m en  co u ld  
fu rn ish . T h is  led  to  th e  gen eral a d o p tio n , b e tw e e n  1880 an d  

1900 o f th e  co rp o ra te  idea. W h ile  o f th e  g r e a te s t  v a lu e  as an 

in d u s tr y  b u ild er, n o m o re p ern icio u s in flu en ce h as e n tered  th e  
m a n u fa c tu r in g  b u sin ess th a n  th is co n cep tio n  a n d  u se o f a n  

a rtific ia l in d iv id u a l w ith o u t re sp o n sib ility .

A b u n d a n c e  o f m o n e y  in th e  b an k s, th e  a b u se  o f p erso n a l 
c re d it, a n d  e a s y  b a n k r u p tc y  la w s h a v e  m ad e  i t  p o ssib le  to 
sq u a n d e r th e  p u b lic ’s m o n e y  w ith o u t scru p le . I11 s e v e r a l in ­

sta n ce s  in  m y  e xp e rie n ce, good  o p e ra tin g  m an ag ers  h a v e  a t ­
te m p te d  to  m a in ta in  th e ir  p ro fits  on  a n  in fla te d  a n d  u n w a r­
ra n te d  . s to c k  issue, a n d  h a v e  fa iled . G o o d  m en , im p ro v e d

m a c h in e r y  and  lo w  o p e ra tin g  co sts  c a n n o t o ffse t u n n a tu ra l

P e r ccnt.
P rin tin g  and  publish ing ............................................................ 20.33
A gricultural im plem ents................ . ......................................... 11.09
Autom obiles, including bodies, e tc ........................................ 22.03
B oots and shoes........................................................................   15.47
R rass and  bronze p ro d u c ts . ..................................................  12.25
B read and o th e r bakery p roduc ts ..................  25 .86
B u tte r, cheese and condensed m ilk ....................................... 23:23
Canning and preserving............................................................. 13.09
Carriages and  wagon an d  m a te ria l.......................................  12.14
Chem icals........................................................................................ 15.45
Clothing, m en’s, including s h ir ts ...........................................  20 .29
Clothing, wom en’s .......................................................................  33 .03
Confectionery...................................7 ........................................... 23.12
Copper, tin  and  sheet iro n ........................................................ 10.72
C o tton  goods, e tc ......................................................................... S. .66
F lou r m ill and  grist m ill p ro d u c ts ......................................... 16.32
Foundry  and  m achine shop p ro d u c ts ..................................  10.23
F urn itu re  an d  refrigerators....................................................  11.66
H osiery and k n it goods.............................................................  15.42
Iron  and  steel, b la st furnaces.................................................. 5 .90
Iron , steel, steelworks, e tc ........................................................  9 .3S
L ea th e r goods.................................................   16.73
Leather, tanned , curried  and finished.................................. 6 .75
Liquors, d istilled ..........................................................................  12.83
Liquors, m a lt ................................................................................. 10.68
Lum ber, and  tim ber p ro d u c ts ................................   13.82
M arble and  stone w orks............................................................ 15 .S7
Oil, co tto n  seed an d  cake .........................................................  12.04
P a in t and  v a rn ish ..................................................    13.40
P a te n t medicines, e tc .................................................................. 28 .28
Petro leum , refining.......................................................................... S . 24
Silk, e tc .........................................................................................  l 3 l s
S laughtering  and  m e a t pack ing ...........................................  15.02
Sm elting and refining copper................................................  23.25
Sm elting and  refining lead .....................................................  5 .29
S ugar and  molasses (no t beet su g ar).....................  7 15
T obacco m anufac tu res.............................................................  20.71
W oolen, w orsted and  fe lt goods, e tc ..................................  10.98

o \ e r h c a d  e x p e n s e .  G o o d  w i l l ”  h a s  n o  p la c e  o n  t h e  b a la n c e  
sh e e t  o f a  w e ll re g u la te d  a n d  s o lv e n t  b u sin ess. A n y  v e n tu re  

in  th e  e la b o r a tio n  o f r a w  m a te r ia ls  o u g h t, w h en  b ro u g h t  to  a 

p a y in g  b asis, to  be a b le  to  re tu rn  to  th e  sto c k h o ld e rs  a  n e t  

p ro fit  o f a t  le a s t  10%. S o m e o ld  e stab lish e d  lin es o f b u sin ess

n et from  20 to 60 %  ann u ally, and tw o good years have often 
paid for p lan t and equ ip m ent com plete. G overn m en t statistics 
of m anufactures included in th e T h irteen th  Census reports show 
th e average n et returns, for th e y e a r  1909, on thirty-nine of the 
principal m an ufactures in this co u n try  (see p reced in g table).

Considering now  th e m a tter of location , th e manufacturer 
gen erally  follows his m arket. A s  th e grow th  of the population 
of the U n ited  S tates  is w estw ard, it  has been found expedient 
to  m ove w hole industries from  M assachusetts and New York 
to  M ichigan, Illinois and Missouri. R e location  of furniture and 
w agon plants has been quite  general, b ecau se-it has been found 
cheaper to  ship the finished p ro d u ct to  th e  m arkets than to 
bring th e raw  m ateria l east. C han gcs in m a rk et conditions 
have  com pelled th e agricu ltu ral im p lem en t manufacturers to 
locate in the m iddle w est. F orm erly  th e  m an ufactu re of shoes 
w’as a M assachusetts in du stry; now', w hole tow ns in New York 
and M issouri are d evoted  to  this business.

N o b etter illustration  of econom ic change can  be cited than 
the conditions a t  m y  ow n b irth p lace, a  v a lle y  south of Utica, 
N ew  Y o rk . On a  stream  furnishing from  60 to  120 H. P. at 
each  plant, sixteen  m ills w ere in op eration  from  1873 to 1885. 
T hese em ployed a b o u t 2000 people. F ork s and hoes were made 
in tw o plants, w agons in one, w oolen cloth  in tw o, cotton cloth 
in five, k n it goods in one, silk  in one, p ap er in  tw o, and sewing 
m achines and mow'ing m achines in one. T h e  movement ot 
freight and finished produ cts k e p t th e  ra ilroad  and scores of 
team s bu sy. F urnishin g provisions for th e em ployees in the 
m ills afforded a  liv in g  for m a n y  tradesm en.

One agricultural im plem en t p la n t w as burned; one was bought 
b y  a  tru st and closed; th e paper m ills h ave  been idle for years; 
th ree cotton  m ills h a v e  gone o u t of business; one w'oolen mill 
w as burned and th e  other w as c lo sed ; th e  k n it  goods plant and 
the m ach in ery p la n t burned; an d  th e  silk  in d u stry  was moved 
to Philadelphia. T o -d a y , th ere  are  on ly  th ree  really good 
com panies op eratin g in th e  va lley . O rig in ally  humming with 
th e  w hirr of spindles and click in g  w ith  th e  th ro w  of the shuttles 
in the looms, th e  v a lle y  is now- quiet, and agricu lture  is the main 
business. T hose of us w h o liv ed  th ere  did n o t know' why so 
m an y fires to ok  our industries a ivay . I t  w as observed that no 
factories w ere rebuilt. I  now' know' th a t i t  no longer paid to 
m ake woolen and cotton  cloth , to  spin  silk , and manufacture 
paper in th at lo ca lity . T h e  p ecu liar elem ents which we term 
econom ic conditions to o k  our p ro sp erity  a w a y , w ith  incalculable 
loss to  all concerned, stockholders, em ployees and tradesmen 
alike. T h e moss-grow'n w alls to  be seen on m a n y sw iftly  moving 
stream s arc m onum ents th a t  m ark  in du strial change.

C apital is som etim es in vested  in  n ew  projects, the aim oi 
which is th e use of raw- m ateria ls th a t  are  supposed to be abun­
dant, b u t th a t are la te r found to  be  insufficient in quality or 
q u an tity . C em ent p lan ts a lon g th e  E ric  C an al in New York 
S ta te  represent this class and also illu strate  th e  rapid changcs 
th a t m a y  enter th e e laboration  of a  product. In  this instance 
the use of shale rock has ta k en  th e p la ce  of m arl and clay in the 
m anufacture of cem ent.

B eet sugar factories w ere  started  a t  L yo n s, Binghampton, and 
a t  Rom e, N. Y .  T h e  co st of th e p la n t in each  instance was very 
large, people cheerfu lly  in vestin g  th eir m o n ey  and cxpcctmg 
unusual returns. A fte r  several y e a rs  of failure and loss the en­
tire p ro ject has been g iven  up; th e  e m p ty  buildings now remain 
a fter an exp en ditu re of n o t less th an  $2,000,000. Colorado and 
California produce b e e t  su gar a t  a  profit. T h e  location of the 
industry' in N ew  Y o rk  sta te  w as a  m istake, b u t the stockholder 
had to  learn  this. In  th e m eantim e, can n in g factories ha'C 
sprung up th rough ou t cen tra l and w estern  N ew  Y o rk  and the 
well m anaged ones arc  in a flourishing condition. Cheap ra" 
m aterials, plenty' of help, exce llen t tran sp o rtatio n  facilities and a 
ready' m arket are c o n trib u ta ry  causes to  its  succcss.

N o scicnce or a rt  can  determ ine w ith  accu racy whether
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economic conditions arc correct for the location  o f an industry. 
Accident or good business ju d gm en t m a y  accom plish w h a t 
statisticians and scientists cannot.

COST OF PLANT AND EQUIPMENT

With plenty of m o n ey a t  his disposal, th e op tim istic  m anu­
facturer is a p t to  spend too g re a t a  portion on buildings and 
equipment. A m p le w orkin g cap ita l should a lw ay s be held in 
reserve. T he am ou n t th u s em ployed w ill n ecessarily  v a ry  w ith 
the business, b u t from  25 to  5 0 %  is com m on ly se t aside for 
this purpose in sm aller industries, the cap ita lizatio n  of w hich is 
from $50,000 to  $200,000.

It is much b etter to build a p lan t in a m odest w ay, a n tici­
pating growth, th an  it  is to  find cap ita l for running a concern 
in the midst of business expan sion; esp ecia lly  so, if stockholders 
have had to w a it from  th ree to  five years w ith o u t dividends.

Again, a v ery  fexpensive p la n t m a y  be ercctcd  w ith  conse­
quent large overhead expense, w here the incom e docs n ot w ar­
rant the outlay. I found it  im possible to  recom m end the erec­
tion of a w ater-gas p la n t in a  tow n  of 3500 people. A  can vass 
of all prospective users show ed th a t  n o t m ore th an  tw o  or th ree 
per cent, income could be cxp ected . A  sim ilar p lan t in a town 
of about this num ber of people can  p o sitiv e ly  p a y  no m ore than 
two per cent, on th e in vestm en t a fte r  all avenues for gas con ­
sumption have been th orou gh ly  explo ited.

LOCATION

To aid those w ho w ish to stu d y  the problem s concerning 
location, I have m ade a  list of the elem ents th a t seem  im portant. 
These are as follows:

Accessibility of raw  m ateria ls  
Market
T ransportation
Labor
Power
W ater
Supplies

Clim ate
H ygienic conditions
Taxes
In su ran ce
B ank ing  facilities
H eating
L ighting

Obviously, all of th ese details can n o t be discusscd in a  general 
paper. The im portan ce o f one item , w ater, is tak en  up in a n ­
other paper to  show  how  carefu lly  cap ita l should in vestiga te  a 
new location, w hen th e  grow th  of a  business w arran ts a change 
or when m isfortune requ ires it.

With a favorable location , a  dem and for the product, an 
honest stock or bond issue, a m odest in itial o u tla y  for bu ild­
ings and equipm ent, an d  sufficient ca p ita l for doing business, 
an executive should earn a  fair d ividen d on the investm ent.

INTERNAL UNIT COST

The ideal is the basis o f our best e ffort everyw h ere. In m an u ­
facturing, this deal is app roach ed  w h en  the largest q u an tity  
°i good goods is turned o u t a t  the low'est possible cost. T o  
determine how to  a tta in  th e a b o ve  conditions is th e d u ty  of 
every executive. B u t  the ta sk  is n ot a  sim ple one, for b o ok ­
keepers are not statistician s and alth ough  all of the d ata  necessary 
>n connection w ith  the proportion in g of exp en se in the m anu­
facture of an article m a y  be derived, i t  ta k es a  large am ou n t of 
study to draw correct conclusions. N o sim pler e x p ed ien t in m y 
estimation has been devised in this con nection  th an  u n it cost.

at does it cost to  produce a  pound, a  horse pow er, a barrel, 
a >ard, or a m achine, a n y  single artic le , m a n y  of which arc  m ade 
each month or year?  T hese item s m a y  be app ortion ed  as p er­
centages. The sep arate item s under fixed and op eratin g  e x ­
pense become factors of th e to ta l. A s an exam ple, w e w ill sa y  

at the production of a  m ach in e has entailed  an  o u tla y  of 
^ ' ° °  and th at this is d iv ided  as follows:

P e r
cen t.

Raw m ateria ls.. ?n
^ a b o r .....................................4 0
Power........................ 7
Lighting and h e a t in g .. . .  . 1
Transportation........................ 3

Office expenses.....................  2 .5

R ep a irs .............................
S a les ...................................
A d v ertis in g .....................
C h a r ity ..............................
In te re s t, depreciation ,

ta x e s  an d  insurance. . . .  10

P e r
cent.

1 .3
10
5
0 .2

T his outline show s a t  a glan ce th a t labor is a  large item  in 
the co st of this article and th a t a n y  econom y th a t can  be effected 
in this departm en t will m ake an ap preciable sa v in g  in the total 
o u tlay.

Through the kindness of Mr. E. D urand, of the B ureau  of 
Census, I am  able to present a  com prehensive tab le  illu stratin g  
the m ethod above outlin ed:

S t a t i s t i c s  o f  M a n u f a c t u r e . T h i r t e e n t h  C e n s u s , 1 9 1 0 ,  P a g e  3 0

P e r  c e n t , o f  T o t a l  E x p e n s e s  

R e p o r t e d

V1o «o *G

2 x 2 o «  
rt o  53 73

I n d u s t r y
Ü rt M c  C.
C/2 £

All industrie s ............................................................ 5.1 18.6 65.8 10.5
A gricu ltu ral im p lem en ts..................................... 8.6 24.3 51.1 16.0
A utom obiles, including bodies an d  p a r ts .  . . 4.5 23.1 62.5 9.9
B oots and  shoes, including c u t s tock  and  

findings.................................................................. 3.9 20.6 69.6 5 .9
B rass and  bronze p ro d u c ts ................................. 4.1 17.3 72.6 6.0
B read  and o th e r  bakery  p ro d u c ts ................... 4.0 17.4 69.9 8.6
B u tte r , cheese and  condensed m ilk ................ 1 .4 4.3 91.0 3.3
C anning and  p reserv ing ....................................... 5.6 13.5 72.0 9.0
Carriages, wagons and  m a te r ia ls . ................... 5.7 27.0 58.9 8.4
Cars, general shop construction  and  repairs 

by  steam  R. R. com pan ies ............................ 4.3 44.7 49.2 1 .8
Cars, steam  railroad, n o t including opera­

tions of R. R . com panies ................................ 4.3 23.0 66.7 6.0
C hem icals.................................................................. 6.5 15.0 68.2 10.3
Clothing, m en’s, including s h ir ts ..................... 5 .2 20.7 57.9 16.2
C lothing, w om en’s ................................................. 6.0 23.0 61.1 9.9
Confectionery’.......................................................... 7 .6 13.1 67.9 11 .4
Copper, tin  and  sheet iron p ro d u c tio n ......... 5 .8 22.4 63.7 8.1
C o tto n  goods, including co tto n  sm all wares 2.6 24.0 66.9 6.5
E lec t, m ach., a p p ara tu s  and  supp lies............ 10.0 24.5 53.8 11.7
F lou r mill and  g ris t m ill p ro d u c ts .................. 1 .5 2.6 92.8 3.1
Foundry' and  m achine shop p ro d u c tio n . . . . 8.7 29.8 50.1 11.4
F u rn itu re  and  refrigerato rs ...............  ............ 7.3 30.8 51 .0 10.9
Gas. illum inating  and h e a tin g ........................... 10.9 18.4 46.2 24.5
H osiery and  k n it goods....................................... 4.4 25.5 62.7 7.4
Iro n  and  steel, b la st fu rnaces ........................... 1.8 6.8 88.4 3.0
Iro n  and  steel, steel w orks and rolling m ills 2 .9 18.3 73.9 4.8
L ea th e r goods................................ ......................... 7.2 19.3 64.6 8 .9
L eather, tan n ed , cu rried  and  finished........... 2.2 10.5 81.2 6.1
Liquors, d is tilled .................................................... 1.0 1.6 18.4 79.0
Liquors, m a lt ........................................................... 7.6 13.7 32.2 46.5
L um ber and  tim b er p ro d u c ts ............................ 4.8 32.0 51.0 12.2
M arble and  stone w ork ........................................ 6.7 44.8 39.4 9.1
Oil. co ttonseed  and  ca k e ..................................... 3.1 4.3 87.7 4.9
P a in t and  v a rn ish .................................................. 9.3 7.4 71.1 12.2
P ap er an d  wood p u lp ........................................... 4.0 17.2 69.7 9.1
P a te n t m edicines, com pounds and  d ru g ­

g is ts’ p rep a ra tio n s ............................................. 14.9 8.7 44.1 32.4
Petro leum , refin ing ................................................ 1.8 4.4 89.6 4.2
P rin tin g  and  pub lish ing ....................................... 16.7 26.6 32.6 24.1
Silk and  silk  goods................................................. 4.2 21.8 60.8 13.2
S laughtering  and  pack ing ................................... 1.5 3 .9 91.3 3.3
Sm elting  and  refining, c o p p er........................... 0.7 3.8 94.4 1.1
Sm elting and  refining, le a d ................................ 0 .9 3.4 94.8 0 .9
S ugar and  molasses, n o t including b ee t 

su g ar....................................................................... 0 .9 2.8 92.6 3.7
Tobacco m a n u fac tu res ......................................... 4.6 19.0 48.4 28.0
W oolen, w orsted and  fe lt goods and  wool 

h a ts ......................................................................... 2.6 18.7 72.9 5 .8
All o th e r  industries ................................................ 6 .4 21.1 62.1 10.5

T h is  is a  v a lu a b le  g u id e  in  a n y  e ffic ie n c y  s t u d y  o f p r o d u c tio n

costs, although too m an y item s arc  grouped under expense, 
which m ay be used b y  a n y  e xecu tiv e  to  con ceal e x o rb ita n t bills 
of a n y  nature.

T h e actu al cost of a  case of tin n ed goods of th e season of 1912 
is divided as follows:

P er
cent.

R aw  m ate ria ls ....................  30 .40
L a b o r.....................................  14.40

In te re s t..........
D epreciation .

P é r 
cen t. 
1 .90  
1 .SO

F u e l...............................
F re ig h t and  express.
M ain tenance...............
Sales..............................
A dvertis ing .................

0 .1 7  'T a x e s  and  in su ran ce   1 .60
0 .0 4  B oxes and  labe ls .....................  7 .3 0
4 .8 0  Loss on se e d ...........................  5 .80
3 .9 0  D iscount and  b rokerage. . 3 .1 0
0 .9 0  E xpense ....................................  8 .7 0
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The rem aining item s are n ot considered useful in this paper. 
T h e tin container itself includes a  cost of 8 5 %  for m aterials and 
15 %  for labor.

A  woolen mill owner and operator furnishes the following 

ta b le :
M a t e r i a l s  L a b o r  E x p e n s e

R aw  stock
Soap
Dyes
W ool
Coal
W ool oil
C o tto n  and shoddy

Office
Factory'
Overseers

Insurance
Taxes
C harity
E xecu tive  salaries
D epreciation
R epairs

Percentages were n ot given b u t the tota l annual expense, in­
cluding th e three subdivisions above shown, is divided b y  the 
num ber of yard s of cloth turned ou t to determ ine the cost price 
per yard.

I am  fam iliar w ith the actu al cost of reducing a ton of garbage 
b y  the naphtha process. This, on a percentage basis, is as fol­
low s :

P e r P er
cent. cent.

L a b o r ....................................  47 .43  S uperin tenden t...................  3 .97
Coal........................................  20. SI T axes.....................................  0 .45
Pressing ................................ 12.37 In te re s t..................................  0 .28
F ilte r c lo th .............................. 2 .S9  Office....................................... 0 .2 4
Gasoline, oil and  l ig h t . . .  S .00 Commission and  anal-
F re ig h t......................................  1.77 yscs.................................... 0 .7 4

99 .94

L abor is shown to cost an excessive am ount. T h e gasoline 
item  needs investigation.

T h e following elem ents compose the cost of a  sm all copper 
instrum ent:

P e r P er
cent. cent.

L a b o r ....................................  61.62 P a in t............................................  0 .22
R aw  m ate ria ls ....................  27.41 Screw s.........................................  0 .22
B u rn e r ................................... 6 .03  L acquer....................................... 0 .55
Jrfanger..................................  1.31 B o lts ............................................  0 .33
P olish ing..............................  1.64 Solder........................................... 0 .11
S u p p o rt...................... •.......... 0 .5 4

O b viously the labor cost of the instrum ent is excessive.
T h e official having charge of the cost departm ent should 

ascertain  a t  fixed intervals, b y  in ven tory and from records, the 
e x a ct u n it cost of an y  or all articles produced. T his inform a­
tion should be m ade a p art of a blue-print chart, carrying a t  
the le ft  a list of the item s com posing the record and a continuous 
line, show ing th e fluctuations in the cost of each, from m onth 
to  m onth. If any one of these lines arise from  causes beyond 
th e control of the m anagem ent, others m u st fall if the price of 
th e finished article is to be m aintained. H eating and lighting 
w ill fluctuate w ith seasonal changes; in terest and depreciation, 
ch a rity  and office w ill rem ain practically  horizontal. Unless 
the industry controls its ow n raw  m aterials these usually in­
crease in price; labor of all kinds increases; pow er is m ore e x ­
pensive because coal is higher in price and w ater pow er has, in 
m an y plants, been replaced b y  steam . T here is a very  gradual 
rise in .transportation costs and in supplies; taxes and insurance 
are con stan tly  increasing everyw here.

W ith  such records available, the operating m anager is able 
to  determ ine where efficiency m ethods could be applied to a d ­
van tage.

In a  form er paper before the Institu te, I have discussed 
" P o w e r ”  from  a  percen tage basis. S ince th a t tim e, the use of 
e lectricity  has becom e quite  general and the H . P. y e a r  co st has 
been considerably lowered in a large num ber of plants.

STOCK AND SUPPLIES

T h e raw' m aterials needed in operations pf the m anufacturer 
are usually  closely  b ought and econom ically handled. I have

found this p a rticu larly  tru e  in w oolen, cotton  and paper mills.
E v e ry  successful enterprise requ irin g raw  sto ck  m ust include 

an exp ert b u yer of large  experience, whose business it is to 
m ake a  stu d y  of m ark et conditions and fluctuations. Ten 
years ago, m uch m ore p ractica l exp erien ce w as required to fill 
such a  position th an  a t  present. T h is has been brought about 
b y  th e general introduction  and use of specifications. One by 
one, n atural products h ave  been stan dard ized; coal, wool, cot­
ton, ores, oils, paper stock, iron and steel and natural earths; 
these are a few  of th e hundreds of raw' m ateria ls used b y  manu­
facturers. P h ysical and chem ical stan dard s h a v e  been set to 
replace th e guess and estim ation  m ethods th a t  cam e from ex­
perience and th a t arc often  w id e of th e  tru th . A  relatively, 
inexpensive m an w ho has a  te stin g  lab o rato ry  a t  his disposal 
can determ ine th e a ctu al valu e  of raw  stock  m uch m ore accurately 
th an  som e high-priced m an can  guess a t  it. T w o  item s on our 
cost sh eet can  be turned dow nw ard and k e p t th ere  a t  relatively 
sm all expense.

Unless th e specification  idea is carried  th rough ou t the mill to 
include th e finished product, th e w o rk  is incom plete, for the 
adoption of such a system  in va ria b ly  im proves th e quality ot 
th e goods turned out. F or exam ple, e v e ry  piece of wood, of 
com position and m etal th a t  goes in to an  autom obile or loco­
m otive should be of th e best qu ality , proved to  be so b y  actual 
experim ent. T his rule holds for m an ufactured products generally.

One of th e  w eakest points in th e personnel of the mill or­
gan ization  to -d ay  is th e p urchasing departm en t. I  refer more 
p articu larly  to  those in charge of th e purchase of the supplies. 
T his im p ortan t branch of th e  business is often  le ft  to  incompe­
te n t clerks, w ho antagon ize salesm en gen erally  and who buy 
from  m en from  w hom  th e y  g e t th e greatest possible return— 
gifts, dinners, an occasional trip , or even  m oney. Honest 
travelin g  m en avo id  such purchasin g agents, to  th e permanent 
loss of th e business.

A  shrewd salesm an m a y  spend from  six  w eeks to  six months 
in placing an  order for exp en sive  equ ip m en t th a t a concern 
n ever needed and should n ot b u y . In  m y  experience, men 
to ta lly  rem ote from  th e ord in ary  purchase of supplies should 
be em ployed in connection w ith  new  and v a lu ab le  equipment. 
C onsulting engineers can  a c t  to  good a d va n ta ge , turning in re­
ports th a t show  th e general m a rk e t conditions, kinds of appa­
ratu s or m aterial ava ilab le, w ith  th e  experien ce obtained from 
th e use of these in other plants.

SUPPLIES

E v e ry  m an ufactu rer uses m ixtu res and com pounds, the exact 
n ature of w hich he has no kn ow led ge: oils, dyes, fillers, adhesives, 
cleaning agents, wax<5s and polishes, pow ders and salts. In 
som e instances, such m ateria ls h ave  a  to ta l co st of S2000 per 
m onth. M any sim ple substan ces are sold in large quantities, 
a t  inflated prices. F o r one concern, I  w as ab le  to  lower the 
cost of a special su bstan ce b o u gh t for $50 a  to n  b y  substituting 
th e sam e m aterial from  an oth er source a t  $15 per ton. Good 
business requires a  kn ow ledge of supplies and their component 
parts, for the purpose of keep in g th e  c o st dow n, for the protec­
tion of workm en, and to  guard aga in st fire.

N o  feature of facto ry  econom y should be as closely watched 
as the storeroom . A  storekeep er should be  in charge ever)’ 
m om ent of the w orkin g d ay , an d  should be  held re sp o n sib le  for 
all stock handled, d istribu tin g  th is over a  counter only, an(̂  
n ever allow ing w orkm en to  com e behind th is. A ll orders should 
be signed b y  proper au th o rity  and a  carb on  co p y  of each trans­
action  kept. T ools, in p articu lar, and a ll sto ck  th at can be 

used abou t home, barn  or gard en  w ill m ysteriously  leave the 
p lant, a  few cen ts w orth a t  a  tim e, if a  w a y  is found to handle 
th e m atter w ith  an e asy  conscience.

SUMMARY

In  th e foregoing paper, I h a v e  a ttem p ted  to  p oin t out to )oU
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certain methods th a t can  be adopted in the con d u ct of a n y  
manufacturing business. T h e  d a y s of large profits, cheap raw  
materials and labor h a v e  gone for good. W ith  in creasin g prices 
and competition, a ll exe cu tiv e s  m u st be econom ists as w ell. 
Efficiency, in its broad est sense, should in clude prom otion, 
capitalization, location, organization , equ ip m en t and operation. 
Great stress has been laid on th e  efficien cy of labor to  th e e x ­
clusion of m atters o f equal or grea te r m om ent. A n  e x a c t  
knowledge of unit costs w ill revea l th e w e ak  poin ts in a n y  p lant. 
The so-called efficiency engineer w ho spends th ree or four days

in a concern and antagon izes even -on e from  the bosses to  the 
office boy, can  accom plish little  good. W eeks and m onths of 
stu d y  are required to  g e t  a t  the details of the business; to  m ake 
im provem ents is a  still grea ter ta sk . T h e  good-will of th e 
em ployees m u st be gained and k e p t to  m ake a n y  progress in 
econom y studies. Discussion and argu m ent n atu ra lly  follow 
a n y  change in policy. T h e  m an who m akes the change should 
be on the ground to defend him self and drive  hom e the facts 
as he sees them .

S y r a c u s e , N .  V .

PERKIN MEDAL AWARD
The Perkin M edal w as conferred on Jam es G a y le y  for his d is­

tinguished services in th e field of chem ical engineering and m eta l­
lurgy a t the tegu lar m eetin g of th e S o c iety  of C hem ical In d u stry, 
Chemists’ Club, N ew  Y o rk , Ja n u a ry  24, 1913.

Mr. G ayley ’s stu d y  of th e blast-fu rn ace  reactio n s coverin g  a 
period of m any ye ars  and his su bsequen t developm ent, on the 
basis of these observations, of th e d ry -b la st processes, as well as 
numerous other in ven tion s in th is field arc fully, set forth  in the 
presentation address b y  Professor Charles F. C han dler and th e 
address of acceptance b y  Mr. G a y le y . Professor H en ry  M. H ow e 
spoke on "T h e V alue of E x p e rt  O pin ion ,”  p a rticu la rly  as applied . 
to Mr. G ayley’s w ork and Prof. E d w ard  H a rt g a v e  a  m o st in ter­
esting and intim ate rev iew  of th e career o f th e  m edalist. T h e  
program w as com pleted b y  an address on “ T h e  N ew  A g e ”  b y  
Dr. Rossiter W . R aym on d .

A t the conclusion of th e p rogram , the S o c iety  and its guests 
were entertained a t  an inform al reception  g iven  b y  th e  C hem ists’ 
Club.

The addresses presented a t  th is  m eetin g are prin ted  in full in 
the following pages. [ E d i t o r ].

PR E SE N T A T IO N  A D D R E S S
B y  C . F . C h a n d l e r

Mr . Ch a ir m a n , B r o t h e r  C h e m i s t s  a n d  M r . G a y l e y :

It is m y very  p leasan t p rivilege, as the senior P ast-P rcsiden t 
of the Society of Chem ical In d u stry , residing in this cou ntry, 
to present to Mr. Jam es G a y le y , the P erk in  G old M edal, for 
important achievem ents in In d ustria l C hem istry.

This medal has been aw arded to Mr. G a y le y  b y  the Perkin  
Medal Com m ittee of the A ssociated  C hem ical and E lectro ­
chemical Societies of A m erica  in recognition  of his m ost valu ab le  
work in Chemical M etallurgy.

James G ayley is the m atern al grand nephew  of S ir H en ry 
Bell, who established steam  n avigation  on the C lyde, w here he 
launched "T h e  Cornel"  in 1812. H e w as born a t  L o ck  H aven , 
Pa., October 11, 1855, the son of Sam uel A . and A gn es (M al­
colm) Gayley.

He was educated a t  W est N o ttin g h a m  A cad e m y , M d., and 
graduated from L a fa y e tte  College in 1876 w ith  the degree of 
Mining Engineer. In  1906 he received from  the U n ive rs ity  of 
Pennsylvania the H onorary  degree of D octo r o f Science, and in 
1912 t*lc same degree from  L eh igh  U n ivers ity . In  1908 he 
received the E lliot Crcsson G old  M edal for the P rom otion  
of the Mechanic arts from  the F ran k lin  In stitu te .

Mr. G ayley began his professional life as chem ist for the 
rane Iron Com pany, C atasau qu a, P a ., 18 7 7 -’80. H e w as n ext 

superintendent of the M issouri F u rn ace  C om p an y, S t. Louis, 
and later was the m an ager of B last Furnaces, E . &  G . B rooks

0., ISirdsboro, Pa., i8 8 o -’85. In 1885 he becam e m an ager 
0 the Blast Furnaces at the E d g a r T hom son  W orks, and he w as 
su sequently prom oted to the position of m an ager o f the E d ga r 

omson W orks: he la ter becam e a  m an agin g  d irector of 
c Carnegie Steel C om pany. In  1901, he w as m ade first vice- 

Prestdent of the U. S . Steel C orporation, rem aining in this posi­

tion until 1909. H e w as the in ven tor of furnace im provem ents, 
bronze cooling plates; stand for ladle in pouring B essem er heats 
and the d ry  air blast.

W ere it not th at w e have w ith  us to-night Mr. G a y le y  h im ­
self, it w ould be m y  d u ty  and pleasure to g ive  yo u  a  h isto ry  of 
his various m ost valu ab le  con tribution s to m etallu rgical chem ­
istry. B u t as y o u  would certa in ly  prefer to learn this from  his 
ow n lips, I  w ill content m yself w ith  say in g  th at I can  n ot recall 
a  m ore far-reaching invention  th an  th at of the d ry  a ir blast 
for the m an ufactu re of iron, for w hich he has received , betw een 
O ctober 23, 1894 and Septem ber 5, 1911, no less than fifteen 
successive patents in this cou ntry. I am  told th a t his results 
in this direction alone m ean a  reduction  of from  one-half to one dol­
la r  per ton in the cost of producing p ig  iron, besides m akin g it 
possible for the iron m aster to produce, in all w eathers, a  produ ct 
of uniform  qu ality . W hen one rem em bers th at there w ere 
produced in the U n ited  S tates, du rin g the p ast year, tw en ty- 
nine m illions of tons of p ig iron, it w ill be seen th a t this, Mr. 
G a y le y ’s in ven tion  of the d ry  a ir b last, m eans a sa v in g  to the 
A m erican  people of from  $15,000,000 to $29,000,000 per annum .

I h ave  presented to y o u  v e ry  briefly  the grea t achievem en ts 
of Mr. G a y le y  in the field of A p p lied  C hem istry, b u t quite  fu lly  
enough to sa tis fy  yo u  th at y o u r  C om m ittee is fu lly  justified  in 
p lacin g Mr. G a y le y  b y  the side of S ir W illiam  Perkin  and the 
previous recipients of the P erkin  M edal, as one of ou r greatest 
Ind ustria l Chem ists and Chem ical Engineers.

T o  M r . G a y l e y :

I t  gives me great pleasure, as the rep resen tative of the S ociety  
of Chem ical In d u stry, and the affiliated Chem ical and E lectro ­
chem ical Societies, to place in y o u r hands this beautifu l token 
o f the appreciation  and affection  of y o u r fellow  chem ists.

A D D R E S S  O F A C C E P T A N C E
B y  J a m e s  G a y l e y  

M r . C h a ir m a n , L a d i e s  a n d  G e n t l e m e n :

I w ish to th an k  th e sp eaker for th is m edal w hich he has 
presented to  m e w ith  such gracious words. I w ish also to  e x ­
press m y  th an k s to  the aw ardin g C om m ittee and th e  societies 
w hich th e y  represent in conferring th is grea t honor upon me.
I ap p reciate  it  still m ore because th e C om m ittee h a v e  stepped 
aside from  w h a t is p u rely  th e  chcm ical in d u stry  to  an oth er grea t 
in du stry, th a t  of m eta llu rgy, w hich, nevertheless, is one in 
w h ich  th e  ap p lication  of chem istry  is th e con trollin g factor, and 
th is recognition  of th e broader field of chem istry  brings w ith  it  
a  keen  sense of appreciation  of th is rare honor and distinction  
conferred upon me. A g a in  I th an k  you .

T h e  iron b la st furnace is b u t th e chem ist’s crucible on a  g ig an ­
tic  scale-— operated on chcm ical principles and th e  m echanical 
appliances are instrum ents of precision, con structed  and adjusted  
to  carry in g  o u t in efficient m anner th e  chem ical reaction s in ­
volved .

T h e  “ rule of th u m b ”  practice , w hich ended th irty-fiv e  to  
fo rty  years ago, is w ell-nigh forgotten — th a t period in w hich
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ch cm istry w as not applied, and a ton of ore w as a  ton of ore all 
the world over, irrespective of its rcd u cib ility  or chem ical com ­
position; when the iron m aster w as more interested in the ou tp u t 
of i .x  iron than in the fuel consum ption, and w ould te ll you  
th a t “ lim e m ade h e a t,”  and D avid  Thom as, th a t grand old 
pioneer of the anthracite iron industry, sum m ed up the req­
uisites for successful furnace practice  as “ wind and h e a t .”  
T h e application  of chcm istry to  iron sm elting has effected a 
wonderful transform ation in th a t industry, so th a t to -d ay  the 
chcm ist occupies the foreground in directing its operations.

M oisture in the atm osphere has long been recognized as a 
variable  and influential elem ent in the m an ufacture of iron. 
T ruran, in his “ M anufacture of Iro n ,”  w ritten  in 1862, refers 
a t  length to the influence 
o f  m oisture o n  t h e  
q u ality  and m ak eof iron, 
and the increased con­
sum ption of fuel in the 
sum m er season, b u t docs 
n ot touch 011 the prob­
lem  of its regulation or 
rem oval.

Later, in England it 
was proposed to e x tra ct 
th e m oisture b y  passing 
the air over lumps of 
chloride of calcium , b u t 
Sir L o w t h i a n  B e l l  
showed the im practica­
b ility  of th a t scheme on 
accou nt of the rapidly 
dim inishing pow er of a b ­
sorption possessed by 
the calcium  chloridc.

Charles Cochrane, an 
em inent iron m anu­
facturer of G reat B ritain, 
proposed and obtained a 
p a t e n t  011 extractin g  
m oisture from  the air 
b y  bringing it  into in ­
tim ate con tact w ith 
liquid calcium  chloride 
flowing over chains sus­
pended in a  cham ber; 
b u t later he declared as 
to the benefits to  be de­
rived from  extractin g 
m oisture th a t “  the gam e 
w as not worth the 
candle. ”  N evertheless, 
th e m oisture in the a t­
m osphere \vas rccogni7.cd 
as a disturbing elem ent.
Som e of the earlier 
m akers of anthracite 

iron in the Lehigh V alley  stated  th a t th ey  frequen tly  knew  
in the m orning w h at kind of iron their furnaces w ere m aking 
b y  observing the w eather conditions; y e t, prior to  the first d ry  
air installation in 1904, this variable elem ent of m oisture w as 
accepted in a  spirit of resignation, as som ething to  be endured, 
like storm  and sunshine, a condition beyond control.

I t  w as m y  privilege to be invited in 1885 to tak e  charge of the 
E d gar Thom son B last Furnaces of the Carnegie S teel C om pany, 
a  p lan t which represented the m ost advanced construction  in 
blast-furnace equipm ent, and was supplied w ith  the best fuel 
and ores. In  the operation of these large furnaces, th e influence 
of the atm osphere was forcibly impressed, as the steel w orks w ere

being supplied w ith  h o t m etal d irect from  th e  furnaces, for the 
Jones m etal m ixer had n o t com e in to use. I t  w as a difficult 
m atter to  su p p ly  m etal a p p roxim atin g  u n ifo rm ity  even under 
th e best conditions, and q u ite  im possible under conditions of 
v ary in g  atm ospheric hu m id ity .

F or several ye ars  ob servation s w ere m ade tw ice  a  day of the 
m oisture in th e atm osphere, and a d irect re lation  was established 
betw een th e q u a n tity  of m oisture and th e grade of metal, with 
particu lar referen ce to  th e  silicon w hich is th e heat-producing 
elem ent in  th e acid  B essem er con verter. In  th e sum m er season, 
the air blow n into th e co n verter w as h e a v ily  charged with 
m oisture, and in consequence, a  h igher p ercen tage  of silicon in 
th e m etal w as n orm ally  required, w hile a t  th e sam e time these

atm osph eric conditions 
operated on the furnaces 
to  produce a  lower silicon 
m e ta l; th u s the operating 
of furnaces in conjunc­
tion  w ith  Bessemer con­
verters on direct metal 
m a y  well be presumed 
to  h a v e  been a difficult 
and try in g  proposition.

U n der t h e s e  con- 
d ition so f manufacturing, 
th e rem o val o f  the 
m oisture from  the at­
m osphere, or rather its 
redu ction  to  a  low de­
gree, and one of prac­
tica l uniform ity, ap­
p eared to  hold out the 
o n ly  m eans of effecting 
re gu larity , and at the 
sam e tim e to promise a 
considerable saving. It 
w as a m a tter of con­
sta n t observation that 
a  sudden changc in the 
w eather, m aking a quick 
drop in the temperature 
and co n te n t of moisture, 
w ould cause the furnaces 
to  w o rk  excessively hot, 
b u t this period of dryness 
could n o t be taken ad­
v a n ta g e  of, for before 
a n y  changes could be 
m ade effective in the 
furn ace charge to meet 
cu rren t atmosphericcon- 
ditions, the moisture 
m ig h t h ave  increased to 
its norm al seasonable

am ount.
O bservations of the 

h u m id ity  in the atm osphere w ere m ade daily fro®
1886-1890, w hen th e  first exp erim en ts for moisture
rem oval w ere begun. T hese ob servation s w ere made, at the 
beginning, in th e m orning an d  evening, and la ter were made
e ve ry  hour. O bservation s w ere also m ade of rain  s t o r m s ,  to de­
term ine the m oisture before, during and a fte r  the rain, and it was 
noted th a t the m oisture u su ally  dropped q u ick ly  as the rain
began to  fall. T h ro u gh o u t th is period of m oisture tests, the
w orking of th e furnace w as observed in its re la tion  to the a m o u n t 

of m oisture in the atm osphere.

A  m odern furnace consum es a b o u t 40,000 cu. ft. of air per 
m inute, and for each grain  of m oisture per cub ic  foot, there efl‘
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ters the furnace one gallon  of w a te r per hour for cacli 1000 
cu. ft., th at is, if the m oisture w as 1 g. per cu. ft., 40 gallons of
water would enter the furn ace per hour.

T a b l e  I — V a r i a t i o n  o f  M o i s t u r e  i n  t h e  P i t t s b u r g h  D i s t r i c t

W a te r  per 
hr. en te ring  

W eigh t of a  furnace
w a te r p e r  using  *10.000 

A verage cubic foo t cu. f t. of 
te m p e ra tu re  of a ir  a ir p e r m in.

N 0 F . G rains G allons
Jan u a ry ........................... • 3 7 .0  2 .1 8  S7.2
F eb ruary ........................  3 1 .7  1.83 73 .2
M arch..............................  4 7 .0  3 .4 0  136.0
A pril................................  5 1 .0  3 .0 0  120.0
M ay.................................. 6 1 .6  4 .8 0  192.0
Ju n e .................................  7 1 .6  5 .9 4  237 .6
Ju ly .................................. 7 6 .2  5 .6 0  224 .0
A ugust............................  7 3 .6  5 .1 6  206 .4
Sep tem ber.....................  70 .4  5 .6 8  227 .2
O ctober........................... 5 6 .4  4 .0 0  160.0
N ovem ber...................... 4 0 .4  2 .3 5  94 .0
Decem ber....................... 3 6 .6  2 .2 5  9 0 .0

While the m oisture in J an u ary  a ve ra ge d  2.18 grains, y e t  the 
total variation for th e m on th  w as from  0.56 g. to  2.55 g., and 
while June shows an a ve ra g e  of 5.94 gr., y e t  the extrem e v a ria ­
tion was from 4.8 g. to  8.50 g., or in other w ords the m oisture 
entering the furnacc varied from  192 to  340 gallon s per hour. 
During the m idw inter period, th e  m oisture m ay v a ry  as m uch as 
150 per cent, in the sam e d a y , b u t in m idsum m er it ra re ly  varies 
more than 25 per cent.

Having secured e x ten sive  d a ta  on the v a ry in g  h u m id ity  of the 
atmosphere over a  period of five y ears , th e problem  of m akin g 
those conditions uniform  n e x t presen ted  itself.

The experience of English engineers w as again st th e absorp­
tion process w ith  calcium  chloride, and m y  predecessor a t  the 
Edgar Thomson W orks, Mr. J. H . Crem cr, had con structed an 
apparatus to desiccate in th e  sam e w a y , b u t be ob ta in ed  v ery  
unsatisfactory results. A s  our ob servation s show ed a  redu ction  
of moisture through a redu ction  of atm osph eric tem p eratu re, the 
reduction of tem perature th rough m echanical refrigeration  p re­
sented itself as th e  obvious m ethod of rem o vin g  the m oisture, 
and 011 this basis the first exp erim en t w as und ertaken  in 1890 in 
a crude way.

We began b y  passing air th rough tw o cham bers in succession; 
in the first cham ber th e  a ir cam e in  c o n ta ct w ith  p ip cs'coo lcd  b y  
"atcr, and in th e second cham ber anh ydrous am m onia w as 
expanded through th e pipes. A s th e  a ir cam e from  th e  blow ing 
engine it was quite w arm , b u t a fte r passing th ro u gh  th e  cham ­
bers it was very  cold; cach  cham ber w as on ly  six  feet long and 
the volume of air trea te d  w as sm all indeed.

Various forms of ap p aratu s w ere con stru cted  from  th e period 
1890-1895, and tests w ere m ade as o p p o rtu n ity  ofFercd. D uring 
this period m y duties had been clian gcd  from  th a t of su perin ­
tendent of the furnaces to  gen eral su p erin tend ent of the w hole 
''orks, thus adding to  m y  duties th a t of th e steel w orks and mills.

here was in consequence n o t m uch tim e free to  m ake e x p e ri­
ments, for the dem ands of a  large  steel w'orks on its m an ager’s 
tune were persistent and exa ctin g , and exp erim en ts and im ­
p le m e n ts  along other w ell defined lines represented more 
immediate profit and dem anded th o u g h t and atten tion . B u t 
t ie general plan for a  final te s t on a  large  scale had been worked 
out, which was to  be tried  later. In  1896, I le ft  the a ctiv e  
management of the w orks to  en ter upon the gen eral business of 
1 c Carnegie Steel C om p an y in con nection  w ith  the ore d ep a rt­
ment and the assem bling o f a ll raw  m aterials. If the oppor- 
unities for experim enting w ere rare  w h en  station ed  a t  the 

"orks, they becam e m ore so, w h en  located  in th e general officc. 
therefore sccured th e services of a  y o u n g  engineer, Mr.

a ter, from a refrigeratin g  com p an y, and w hen th e y  learned

th e n ature  of m y experim en ts th e y  k in d ly  loaned m e a  sm all 
am m onia com pressor to  ca rry  on th e  w ork, and w e used tw o  air 
d ry in g  cham bers— each four feet sq uare  and e igh t fee t long, an d  
filled w ith  p ipe coils, and w ith  th e n ecessary re frigeratin g  a p ­
pliances. A  blast engine w ith  an air cylin d er th ree  feet in 
d iam eter and cap able of su p p ly in g  3500 cu. ft. of a ir p er m in u te  
was installed, and from  th is engine and its sm all air su p p ly  th e  
d a ta  w ere w orked o u t for trea tin g  40,000 cu. ft. of air, w h ich  w as 
th e q u an tity  required to  su p p ly  a  m odern b la s t furn acc.

I m ention th a t  w e had to  w o rk  o u t th e  n ecessary  d a ta  for a 
p ra ctica l dem onstration, and th e  suggestion  m ig h t arise, w’h y  
did w e n ot a va il ourselves of th e  exp erien ce of refrigeratin g  firm s? 
Indeed w e tried to — the proposition w as p u t up to  several im ­
p o rta n t m akers of re frigeratin g  m ach in ery, b u t w ith o u t a n y  
su b stan tia l benefit. T o  re frigerate  th e air for cold  storage 
room s w'as a  specification  th e y  re a d ily  understood, b u t the 
trea tin g  of a hurrican c of air w as an  en tire ly  d ifferen t problem  
to them . W e w ere th erefore com pelled to  w ork o u t th e  d a ta  
ourselves and m ake ou t our ow n card  of estim ate.

I t  is u nnecessary to  g iv e  in d eta il th e m an y and v aried  e x ­
perim ents m ade in tre a tin g  th e  air, nor to  describe h ow  certain  
obstacles, w h ich  seem ed to  b lo ck  our progress, w ere su ccessively  
overcom e. In  our list of exp erim en ts w e tried  rarefaction  with 
refrigeration  b u t w e did n ot ob tain  sa tisfa cto ry  results.

A b o u t th e y e a r  1900, w e had plans w orked o u t in d eta il for 
a p lan t to tr e a t  40,000 cu. ft. of air per m in ute, and I then a p ­
plied to  m y com p an y for an ap p ropriation  o f $100,000.00 to 
m ak e this in stallation; here m y  m ost difficu lt w'ork began —  
to  persuade m y  associates th a t air re a lly  did ca rry  m oisture and 
th a t i t  could ap p reciab ly , even  in a  sm all degree, a ffcc t the 

w orkin g of a  b last furnacc.
I t  could h ard ly  be expected th a t m en w ho cam c up th rough 

th e ranks of the steel w orks or office could ap p reciate  the in­
fluence of atm ospheric changes on a  b la s t furn ace th a t  to  all 
e xtern a l ap pearances w as crude and rough, b u t w hich in its 
interior ad ju stm en t w as re a lly  on a  m ost d clicate  balancc. 
M oney w as read ily  appropriated for th e m echanical applian ces 
of th e  furnaces, or for securing u n iform ity  in the p h ysica l and 
chem ical com position of the ores, coke and lim estone, and a 
variation  therein  of xo per ccn t. to  20 per ccn t. w as p rom p tly  
corrected, b u t th e atm osphere m igh t v a ry  from  20 per ccn t. to 
150 per ccn t. even  in a  single d ay , w ith o u t g iv in g  a n y  concern, 
for few  realized  th a t the w eigh t of air consum ed p er ton  of iron 
w'as 50 per cen t, grea ter th an  all th e other raw  m ateria ls com ­
bined. In  other w ords, it requires a b o u t four tons o f ore, cokc 
and lim estone to  m ake a ton of pig-iron, w h ile  s ix  tons of a ir arc 

required.
T h e  m ost difficu lt problem  I had to encou n ter w as to  con vin ce 

others of the m erit of th e proccss a fte r its details of con struction  
and operation  had been w orked ou t, and it  w as n ot un til 1903 
th a t  I sccured an appropriation  to con stru ct th e  first p lant, 
a lthough I had offered the y e a r  before to  assum e p erson ally  half 

the expense.
E a rly  in June, 1904, the d ry  air p lant, w h ich  w as crcctcd  a t  

th e  Isabella  F u rn aces a t  P ittsb u rgh , w as in proper w orkin g 
order and read y to  be p u t on th e furnace. I t  w as n ecessary to 
ap p ly  the d ry  air grad u ally  so as n ot to  d istu rb  th e fu rn ace  
adjustm en t, and as there w ere three b la st engines we arranged 
to  first su p p ly  dry air from  one engine, m ak in g  th e b la s t one- 
th ird  dry air. W e decidcd to  a p p ly  th is d ry  air a t  9.00 a .m .,  
and I had the w eigh t of ore charge increased b y  5 per cen t., and 
th is increase w as tim ed to  reach th e com bustion  zone of the 
furnace a t  11.00 a .m . T h e furnace m an ager regarded w ith  d is­
m a y  th e addition  of 5 per ccn t., p rotestin g th a t a  2 per cent, 
increase was a b o u t the lim it, and if the d ry  a ir did n ot p ro ve  
efficient, then he w ould have a very  cold furn ace on his hands. 
N o tw ith stan d in g , th e change was m ade. W h en  th e d ry  as 
w as turned on a t  9.00 a .m .,  the furnace soon show ed th e cffcct
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of it, the gas becam e grayer, a  sure sign of the furnace w orking 
hotter, and w hen the 5 per cent, increase in ore had reached the 
hearth, it  w as n ot discernible th a t the furnace had been given 
an increased d u ty.

T h e operations of the furnace were conducted on a  con serva­
tiv e  basis, and the long tim e spen t in w orking ou t and developing 
th e  air drying p lant w as rewarded, for the p lan t started  and con­
tinued to  perform  its w ork w ithout a  hitch. B y  the sixth  d ay 
th e furnace w as being supplied w ith  tw o-thirds d ry  air and one- 
third natural air, and 9 per cent, increase in ore charge had 
com e to work, the furnace continuing splendidly. I  m igh t add 
here th a t the 9 per cent, in w eigh t of ore charge represented the 
sam e percentage increase in output, and a like reduction  in th e 
am ou n t of fuel used per ton of iron.

On the afternoon of th at sixth  d a y  in the use of d ry  air, I  le ft 
th e  w orks, w ell satisfied w ith  the progress m ade, and confident 
of th e future b y  reason of the m an y little  indications easily  
recognized b y  p ractical furnacem en, th a t a  still heavier d u ty  
would be responded to.

I  had n ot gone far w hen the sound of an explosion reached me, 
and, on turning, I saw  great clouds of steam  rising from  th e 
works. I  hastened back, and feeling m y w a y  through steam  and 
dust, I  w as dism ayed to  find th a t the refrigeratin g cham ber had 
collapsed. T here it  la y  a  tangled m ass of concrete and distorted 
pipe coils.

D uring a  p a rt of th e tim e em ployed in erecting the d ry  air 
p la n t th ere w as a  brick layers’ strike, and th e w orks m anager, 
not w ishing to  delay  construction, bu ilt the refrigeratin g cham ber 
of concrete. T h e  dry air b last conduit leading from  the top of 
th e cham ber to th e blast engines w as con stan tly  v ib ratin g  from  
the im pulse of air and the vibrations of th e engines. These 
were in turn  com m unicated to  th e dom e of th e building, w eak ­
enin g the,bon d of th e concrete; this caused th e w alls to  collapse; 
in their fall th ey  broke the steam  pipe leading to  the compressors. 
T h e  débris w as cleared aw ay, and in less th an  tw o m onths the 
p lan t w as again started. W e began as before, and in tw o 
w eeks’ tim e had secured a  fuel econom y of 15 per cent., and then 
b y  sm all increm ents w e grad ually  w orked up to a  p oin t of 20 
per cen t, efficiency; th a t is, w*e effected a  fuel savin g of 20 per 
cent, and increased the ou tp u t to  the sam e exten t. This p rac­
tice  w as continued for abou t six  m onths, b u t it  was operating 
too close to  th e danger line to  tak e  care of irregularities in the 
raw  m aterials, and the fuel econom y w as adjusted to  15 per cent. 
E v e n  w ith  d ry  air b last there is a  disinclination to  w ork up to 
th e  high lim it of efficiency, for the experience of eve ry  furnace 
m anager w ith  natural air has show n the necessity of keeping 
a  good m argin of safety.

F i g . 1— S e c t i o n  o f  R e f r i g e r a t i n g  C h a m b e r s  a n d  E l e v a t i o n  o f  
B l o w i n g  E n g i n e  H o d s e

T h e  ap p aratu s for d ryin g  air is shown in th e tw o m odels pre­
sented. In  th e first m odel, which represents our first in stalla­
tion, there is a  cham ber filled w ith pipes, and the air is cooled b y  
in direct co n ta ct w ith  cooling fluid, w hich is brine. T he tem ­
perature of th e brine is such th a t the air entering the cham ber 
a t  8o° is discharged a t  230.

to th e second cham ber filled w ith  pipe coils th rough which brine 
circulates and th e  final tem p eratu re  is obtained. The two- 
stage m ethod is m ore ch eap ly  op erated , an d  costs a third less to 
build.

I t  w as n ot our purpose th ro u gh o u t our experim ents to work 

T a b l e  I I . —  G a l l o n s  o f  W a t e r  D e l i v e r e d  t o  F u r n a c e  i n  2 4  Houss
N atu ra l D ry N atu ra l Dry

Ju ly , 1910 a ir b la s t J u ly , 1910 a ir blast
1.......... . 5 ,349 834 17............ 4 ,116 809-
2 .......... . 5 ,517 849 18 ............ 3 ,588 809
3 .......... . 5 ,438 829 19 ............ 3 ,410 809
4 .......... . 4 ,432 814 2 0 ............ 3,915 819
5 .......... . 5 ,488 844 2 1 ............ 6 ,119 809
6.......... . 7,797 849 2 2 ............ 4 ,678 814
7 .......... . 5 ,4 2 8 844 2 3 ............ 5 ,876 814
8 .......... . 5 ,873 799 2 4 ............ 6 ,327 834
9 .......... . 6 ,633 829 2 5 ............ 5 ,152 819

10.......... . 5,981 819 2 6 ............ 6 ,450 829
11.......... . 4,511 785 2 7 ............ 5 ,764 809
12.......... . 6 ,203 804 2 8 ............ 5 ,453 809
13.......... . 4 ,002 779 2 9 ............ 6 ,184 819
14.......... . 4 ,713 785 . 3 0 ............ 4,525 799
15.......... . 5 ,828 809 3 1 ............ 4 ,288 782
16.......... . 5 ,522 819 - ——

Total, J u ly ................ 164,560 25,254
E q u iv alen t in barre ls  of 42 gal. e ac h ....................  3 ,918  601

o u t  th e  m o s t  e c o n o m ic a l m e th o d  o f  d r y in g  a ir  fo r the first 

in sta lla t io n . W h a t  w e  a im e d  a t  w a s  t o  c o n s tr u c t  a  plant that

T h e  second m odel represents a  tw o-stage process, in which 
the air is brou gh t into d irect co n ta ct w ith  refrigerated water 
in the first cham ber, an d  is redu ced  to  a b o u t 35 °; then passes
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would efficiently and con tin u o u sly  produ ce d ry  air, in  order to  
determine its econom ical valu e  in th e furnacc.

Fig. 3 shows th e variablen ess of m oisture in n atu ra l air, 
and the regularity of d ry  a ir in th e m on th  of Ju ly , 1910. T ab le  
II shows the m eaning of th e curves in F ig. 3 w hen tran slated  
into terms of gallons and barrels of w ater.

The quantity of w ater e x tra cte d  in J u ly , if p laced  in barrels, 
would make a row of barrels a b o u t one an d  one-half m iles long.

The records obtained a t  several w orks from  th e  use o f d ry  air, 
and which in each case co v er a  considerable period, are as follow s: 

W orks A B C D
Output, percentage in c re a se   2 3 .0
Coke used, percen tage d e c re a s e .. .  10.5

15.3
6.0

1 1 .8
9 .8

16.0
10.5

The results obtained a t  d ifferen t p lan ts are m odified b y  th e 
raw materials used and th e  personal equ ation  o f th e  m an age­
ment enters into it. T h e  results given  a b o v e  are taken  from  
works in three different countries. T he claim  I  personally make 
for the process is  that with an increase in  output o f  f o  per cent., 
the saving in fu e l per ion o f  iron w ill be reduced 10 per cent., and I  
consider this conservative.

th a t  th e furn ace w orks w ith  greater regu larity  and, in consequence, 
a  m ore uniform  m etal is produced, and a  required grade of m eta l 
can  be m ade w ith  precision.

In  low-silicon irons th e su lfur does n ot increase as w hen 
n atu ra l air is used.

T h e  sav in g  in coke effects a  corresponding sa v in g  in th e lim e­
ston e necessary to  flux th e  ash of th e coke, an d  th ere  is less 
phosphorus en terin g th e  m etal.

A s th e furnace charges settle  m ore regu larly , th ere  is less fine 
ore carried over w ith  th e  gases.

A  m anager of b la st furnaces usin g d ry  air re c en tly  said  th a t  
th e y  found it  to  be an “ e d u ca to r”  in th eir p ractice , as i t  had 
ta u g h t th em  th e  a d va n ta g e  of securing re g u la r ity  in m a n y  other 
directions.

I  shall n o t a tte m p t herein to  se t forth  a n y  o f th e  theories 
advan ced  to  accou n t for th e fuel saving, w h ich  has been found 
to  be in excess of w h a t is necessary to  dissociate  th e  m oisture. 
T h a t  featu re  has been a b ly  discussed b y  Dr. H e n ry  M. H ow e, 
D r. R . W . R aym on d , Prof. J. W . R ichard s, Mr. J. E . Johnson, 
Jr., and m a n y others in th is cou n try, and also b y  m etallu rgists

One of the ad van tages ob tain ed  th ro u gh  d ry  a  r is th e  elas­
ticity it permits in furn ace operation s to  m eet business con ­
ditions. If trade is dull th e  fu rn ace  can  be op erated  to  secure 
the maximum of fuel econ om y w ith  a  sm all in crease in ou tp u t, 
but when trade is boom ing and p ig  iron is in dem and, an  increased 
output is more desirable th a n  a  sa v in g  in  fuel, and th e furn ace 
ran readily be m ade to  respond.

The manager of the D ow lais W orks, a t  C ardiff, W ales, exp eri­
mented with one furn ace to  determ ine w h a t results could be 
obtained under each  con dition  of operatin g.

For a period, th e furn ace w as op erated  p rin cip ally  to  secure 
increased output and obtained  an increase o f 26 per cen t, w ith  a
fuel saving of 12.3 per cen t.

In the n ext period th e y  operated p rin cip ally  to  ob ta in  de­
ceased fuel consum ption and ob tain ed  an  increase in  o u tp u t 
0 >2 per ce n t w ith  a decrease in fuel o f 17.4  per cent.

n E d ition  to th e a d va n ta ge s a lread y  m en tioned, i t  is found

in E n glan d, G erm an y, and F ran ce; their fu ll discussions can 
be found in th e Transactions o f  the Am erican Institute o f M in in g  
Engineers, the Journal o f  the B ritish  Iron and Steel Institute, and 
m etallurgical journals.

T ow ard s a  full consideration o f th e  d ry  air b last, a  few  points 
m a y  be briefly referred to.

I t  did n ot com e into its  w o rk  as did  th e N eilson h o t b la s t in 
1828, w hen the a rt w as crude, and th e  applian ces o f th e  furnace 
w ere p oorly ad ap ted  to  the w ork. B u t to  th e Scotch m an , N eil­
son, all cred it is due for e ffectin g  a  fuel sa v in g  of th ir ty  per cen t.

D ry  air instead was tried  ou t w hen th e eq u ip m en t of the 
furn ace w as as p crfe ct as hum an skill could m ake it. T h e  
n ature  of furnace operations w as w ell understood, and its 
m an agem en t w as on a skilfu l and scientific basis.

N or w as it  possible for d ry  air b la st to  h ave  an  exp erim en tal 
stage. N e a rly  e v e ry  device or process can  be tested  in an  e x ­
perim ental w a y , and on a com p a ra tively  in exp ensive scalc.
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Bessem er could blow  air through m olten m etal in a  p ot and 
dem onstrate the value of the p neum atic process, b u t it  w ould 
have been of no value to  build a sm all p lan t to  refrigerate  a  p art 
of th e air; nothing conclusive would have been gained. N or 
w ould it  have been of a n y  value to  tre a t th e w hole air supply 
of a d im inutive or to y  furnace. T o efficiently dem onstrate its 
value, i t  had to  be applied to  a furnace th a t w as equipped and 
operated according to the m ost advanced sta te  of th e art, and 
n ot on ly w as it  essential th a t the whole air su p p ly  should be 
treated , b u t th a t the m ethod and m eans of trea tm en t should 
measure up in cap acity  and efficiency, and operate as con­
tinuously as an y  of the other accessories of a m odern blast 
furnace.

This, in brief, is the story of the d ry  air blast.

T H E  V A L U E  OF E X P E R T  OPINIONS1
B y  H e n r y  ’M .  H o w e  ,

Interestin g as arc the other aspccts of the G a y le y  process 
its greatest interest lies, I  think, in the ligh t w hich it throws 
011 the nature of exp ert evidence and on the valu e of expert 
opinion.

W h a t is this process? I t  is sim ply d ryin g  the air used for 
burning the fuel in the iron blast furnace— ap p aren tly  a  rather 
sim ple m atter. T o  refresh you r m em ory, the blast furnace is 
a  huge vertica l firebrick cylinder, roughly speaking. In  it iron 
ore, which is essentially iron oxide, is converted into cast iron 
or pig iron b y  prolonged exposure to coke or its equivalent, 
in an atm osphere of m ixed carbonic oxide, carbonic acid, and 
nitrogen, which results from burning this coke b y  means of 
atm ospheric air forced in through appropriate openings near the 
bottom  of the furnace, and called “ the b last.”  T h e furnace 
is full from  top to bottom  of an intim ate m ixture of this coke 
and ore, together w ith  lim estone added for the purpose of form ­
ing w ith  the barren m ineral m atter of the ore and w ith  the ash 
of the coke a  fusible silicate or slag, and for other purposes into 
which w e need not enter here. These three solid m aterials 
co llective ly  are called “ the stock.”

T h e burning of the coke generates a t the bottom  of the furnace 
a  tem perature so high as to m elt a w ay  the bottom  of this column 
of stock, or m ixed coke ore and limestone, of w hich the last 
tw o have, b y  this tim e, been converted locally  into m etallic  iron 
and lime, and as the colum n thus descends it is renewed a t its 
top b y  addin g more of this same m ixture so as to keep the 
furnace continuously full.

T here arc, as it were, two rivers passing through this great 
cylind er in opposite directions, a  sluggish river of solid stock 
w hich descends as its bottom  is m elted aw ay, and a  sw ift river 
of ascending gases resulting from  the burning of the coke b y  the 
injected air or blast. T h e form er traverses the length of the 
furnace in from  12 to 15 hours, the la tte r in a  very  few  seconds. 
T hese rivers interact as th ey interpenetrate and flow past each 
other, the rising gaseous colum n progressively g iv in g  up its 
heat to the solid colum n and takin g from  th at solid colum n the 
oxygen  of its iron oxide, so th at the gaseous stream  as it emerges 
from  the top of the furnace has taken from  the descending ore 
all the oxygen  th at it is capable of rem oving, and has delivered 
over to th at ore and its accom pan ying coke and lim estone all 
the h eat th at th ey  are capable o f takin g from  it.

So m uch for the blast-furnace process, w hich, like every  
m undane process th at seems simple, is in fact of a com plexity  
so overw helm ing th at the hum an m ind is inherently and in­
curably  im potent to grasp it. W e rub our eyes and, seeing as 
far as the cinds of our noses, assum e th at we sec to the end of the 
universe.

A s a  heat engine the b last furnace was known1'to be extrem ely 
efficient, as hum an heat engines go. N evertheless, b y  the

1 A ddress delivered a t  the  P erk in  M edal M eeting, Society of Chemical 
In d u s try . C hem ists’ Club, New Y ork, Ja n u a ry  24, 1913,

extrem ely  sim ple step  of d ry in g  the b la st Mr. G ayley made a 
further im portan t sa v in g  o f fuel am ou n tin g in some eases to 
20 per cent., and according to our present evidences to about 
10 per cent, on an average, for usual A m erican  conditions. 
T o those who had taken up the logical stick  b y  the wrong end, 
such a  sav in g  b y  thus d ry in g  th e b last seem ed simply pre­
posterous, as preposterous as ta lk in g  a  thousand miles through 
an iron wire, or w a vin g  a  m essage to E urope w ithout any wire, 
or as a n y  invention is till y o u  understand it.

Its  prepostcrousness w as p ro m p tly  and convincingly exposed 
b y  the public-spirited exp erts w hose geographical misfortune pre­
vented their kn ow in g Mr. G a y lc y ’s character, though those of us 
more favored geograp hically  follow ed “ B r ’er F o x ” till our 
question " W h y  and how ?”  could be answered.

T h e  h eat required for h eatin g  and dissociatin g the moisture 
of the blast is a  sm all fraction  of the total heat requirement 
of the b last-furnace process; how  then dare we say that the 
rem oval of this h ea t requirem ent m a y  save  10 or even so per 
cent, of the fuel?

N o t a few  of us had grown so used to calcu latin g the heat 
needed for a  given  chem ical and p h ysica l w ork like that of the 
blast furnace, and the h eat evo lved  b y  the com bustion of a given 
w eigh t of fuel under kn ow n  conditions, and to calculating thus 
the therm al balance, th a t w e had lost sight of the supreme 
im portance of tem perature.

T h e atm ospheric m oisture, ca lo rim ctrica lly  considered, is 
indeed slight, b u t th crm om etrically  considered it is sometimes 
of overw helm ing im portance. A s  to its e ffect on clim ate Tyndall 
says: “ T o sa y  th a t on a  d a y  of average  h u m id ity  in England, 
the atm ospheric v ap o r exerts 100 tim es the action  of the air 

itself, would certa in ly  be  an under-statem en t of the fact.”

T hose w ho h a v e  fe lt the p hysical and m ental exhilaration 
w hich a ten-m ile trip from  C airo ou t into the desert creates by 
the sudden su bstitutio n  of a  drier for a  m oister climate; those 
whose legs w ould fain leap w hen the " w ild  w est wind, thou 
breath  of A u tu m n ’s b e in g ”  su dd en ly  dries our air, might well 
listen to the claim  th at a  like d ry in g  of the a ir affects the blast­
furnace process as it affects our ow n v ita l processes.

T h e sum  and su bstance of it  is th at the blast-furnace process 
has, am ong its various duties, to su p p ly  a  certain  quantity ol 
heat a t  or above a  certain  high tem perature, which for brevity 
we m a y  call the critical tem perature, w h ile  shamefacedly con­
fessing th at we arc further overw o rkin g  an a lread y grossly over­
w orked w ord. N o q u an tity  of h eat offered a t a n y  lower tem­
perature w ill do this w ork. A ll the h eat in all the suns of the 
m ilk y  w a y  if offered a t  a  tem peratu re o f 50° C., could not boil 
one egg.

D ryin g  the b last saves fuel b y  im p rovin g the tempcrature- 
distribution of the h eat generated.

Perhaps this is m ore rea d ily  understood if w e consider an 
im aginary case. Suppose th a t m atters w ere so ordained that 
he w'ho w ished to build an iron bu ild in g w as obliged to take, 
along w ith  his iron w ork, a  certain  fixed proportion of acces­
sories, windows, flooring, tiling, e tc ., the proportion fitted fora 
ten-story building. T h a t w ould  be all well enough for those 
who build nine- ten- or e leven -story  buildin gs; b u t for the builder 
of a  forty-story  building it w ould be m o st uneconom ical, because 
whereas the q u an tity  of accessories, w indow s, flooring, tiling, 
etc., increases d irectly  as the heigh t of the building, the iron 
w ork needed increases in a  higher ra tio ; so th at, in order to get 
enough iron w ork for his fo rty-sto ry  bu ild in g  he m ight have to 
get enough accessories for a  s ix ty -sto ry  building, and the cxcess 
would be le ft on his hands. T his is becau se of bad p r o p o r t i o n ­

ing of his supplies. A  m ere ch an gc in the proportion between 
iron w ork and accessories w ould cause a  great saving.

It is som ew hat so w ith  a  therm al process like that of ll,e 
iron blast furnace. W hen  com bustion  has raised the tem­
perature above the critical poin t there is ava ilab le  first a certain
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quantity of heat a b ove  th a t tem perature, the hyp er-critical 
heat, and second anoth er and larger q u a n tity  of heat below  that 
temperature, the hypo-critica l heat, the heat rem aining w hen the 
temperature has sunk to the critical point. T h e h yp er-critical 
heat is needed for certain  w o rk  w h ich  can be done on ly  a t 
hyper-critical tem peratures, the h yp o -critica l h eat is ava ilab le  
for work which can  be done a t h yp o -critica l tem peratures; so 
that, just as we h ave  hyper- and h yp o -critica l heat, so w c have 
also hyper- and hyp o-critica l w ork.

I 'or h e a t  e c o n o m y  t h e  h y p e r - c r it i c a l  h i ; a t  s h o u l d  b e  t o

THE HYPO-CRITICAL AT LEAST AS TH E HYPER-CRITICAL WORK IS TO 
t h e  h y p o - c r i t i c a l  w o r k .  T h e  proportion  betw een  the tw o e v i­
dently depends on the tem peratu re reached b y  com bustion 
itself. The higher this tem perature, the h igher proportion docs 
the hyper-critical heat b ear to the h yp o -critica l heat.

If the tem perature developed b y  com bustion  is so low th at 
the ratio of hyper- to h yp o -critica l h e a t is too low, is below 
the ratio of hyper- to  h yp o -critica l w ork, then in generating 
enough hyper-critical h ea t to do the hyp er-critical w'ork we arc 
forced to generate an excess of h yp o -critica l heat o v e r an d  above 
the hypo-critical needs o f the process, and this excess of h y p o ­
critical heat is used to poor a d va n ta g e  or is w asted . If m y ratio  
of iron work to accessories is too low', then in p ro vid in g  m y 
building with enough iron w o rk  for fo rty  stories I am  forced to 
provide enough of these accessories for s ix ty  stories, and the 
excess is left on m y  hands. A n d  as a m ere change in the ratio  
between iron work and accessories can enrich or ruin a  builder, 
so a mere change in the ratio  betw een  hyper- and h yp o -critica l 
heat, induced b y  a  change in com bustion  tem perature, can 
lead to a wholly d isproportionate change in the econom y of our 
own vital processes or of the process of the b la st furnace.

Thus it was w ith  N eilson ’s in trodu ction  of the h o t b last. 
Formerly blast furnaces w ere fed w ith  cold air, w ith  th e result 
that, because of the low  tem peratu re o f com bustion, the pro­
portion of hyper-critical to h yp o -critica l h ea t w as far below  
the proportion of hyper- to h yp o -critica l w o rk  needing to be 
done, with the result th a t the bu rn in g o f enough fuel to p rovide 
enough hyper-critical h ea t y ie lded  a  q u a n tity  of hyp o-critica l 
heat far in excess of the h yp o -critica l w o rk  to be done, and this 
excess was used to poor a d va n ta g e  or w asted . H ence raising 
the temperature of com bustion  b y  h ea tin g  the blast led to a 
saving of fuel which, to those unable to th ink, w as m iraculous.

Ihc degree of econom y caused b y  b last-d ry in g  should vary' 
from case to case w ith  the in itial la ck  of h yper-criticaln ess in the 
combustion tem perature; and if there is no such la ck  in itially, 
as may happen con ceivab ly, then b la st-d ry in g  should cause no 
economy.

Other means of ad ju stin g  the ratio  of h yp er- to hypo-critica l 
heat suggest them selves, such as raisin g the tem peratu re of com ­
bustion by further p reh eatin g  the b last, b y  enriching it in 
oxygen, by rem oving p a rt of the atm osph eric n itrogen, or b y  
electric induction a t the v e ry  focus w here the h yper-critical 
"ork goes on; and low ering the critica l tem p eratu re b y  changes 
in the conduct of the process. W e h a v e  n ot reached the end of 
knowledge in general, or of the im p rovem en t of the b last furnace 
process in particular. B u t the fac t th at b last-d ryin g, in re­
moving the effects of the fluctu ation s 111 the atm osph eric m oisture 
removes a serious cause of irregu larity  in the w o rk in g  o f the 
urnace and in the q u a lity  of its p rodu ct, gives i t  an adm in istra­

t e  and commercial a d va n ta g e  o v e r o th er m eans of ra isin g the 
combustion tem perature w h ich  m a y  w ell be decisive.

The explanation w hich I h a v e  g iv en  y o u  is n ot m y  own, and 
>t may not be the on ly one or e ve n  the chief one. I t  is the only 
reasonable one w hich I h a v e  heard of the accom plished fact 
" ich it aims to explain , and i t  seem s to m e adequate.

'c total quan tity  of p ig  iron m ade in the w'orld in one y e a r 
. somc slxty-six m illion tons, consum ing som ew here abou t 

s>xt)-six million tons of coke and its equ ivalen ts, and this in

turn  represents abou t n in ety-five  m illion tons of coal. A  10 
per cent, sa v in g  of fuel if applied to all the b last furnaces in the 
w orld w ould represent a  sa v in g  of som c nine and a  half m illion 
tons of coal a  year, or m ore than 40 per cent, of the coal p ro­
duction  of so im p ortan t a coal cou n try  as B elgium .

T h e  scale is a  large one. In  how  m an y of these furnaccs 
such a  sav in g  can be m ade rem ains to be proved, b u t the re­
su lts a lread y reached lead us to exp e ct th at the tota l sav in g  
w ill be of v ery  great im portance.

T h e deliberation and caution, indeed the tardiness w ith  
w hich the iron trade has proceeded in adop tin g dry' b last is 
referable to various reasons, such as hesitation  to incur the 
certain ly  great expense of its  in stallation, the com petition  of 
other devices for increasing earnings in oth er directions, the 
wish of each to get the benefit of the experience gained b y  its 
earlier adopters, u ncerta in ty  as to w hether the sa v in g  found 
b y  John D oe will a p p ly  to the different conditions of R ichard 
R oe’s furnace, and the like.

B u t a fter all is said and done, th at w hich interests us m ost 
is n ot the invention itself, im p o rtan t as th a t is, nor the great 
sav in g  of fuel. T h e strik in g th in g is the con trast betw een the 
m en tal a ttitu d e  of the certain ly  v ery  learned m en of science 
who im m ediately stam ped Mr. G a y le y ’s claim s as preposterous, 
and the a ttitu d e  of this great cap ta in  of in du stry, w ho not only 
saw  the sa v in g  to be effected b u t saw  it  so c learly  th a t he was 
able to bring to pass the v ery  co stly  experim en ts needed to prove 
his faith . L e t us learn the lesson of hu m ility . N a tu ra l hum an 
cau tion  is lik ely  to p reven t the cautious from  sa y in g  “ I  kn ow  
th a t so and so can be d o n e” unless th ey  do kn ow  it; b u t such 
cases as this show  th at it does not p reven t even  the w ell qualified, 
the expert, and the prudent, from  sa yin g  " S o  and so can  not be 
done,”  though in fa c t it ou gh t to preven t them , in v iew  of the 
alm ost infinite excess of our ignorance over our know ledge.

D R. G A Y L E Y ’S IN T E R E ST  IN E D U C A T IO N 1
B y  E d w a r d  H a r t

T h is is the second tim e I have p articip ated  in rejoicings in 
Dr. G a y le y ’s honor. T h e first festival w as held early  in 1902, 
when we dedicated G a y le y  H all to chem istry  and m e ta llu rgy  
a t  L a fa y e tte  College. T hen, too, D r. H ow e spoke, and m a n y of 
those I sec here to-night wrere present. D r. T h o m as M. D row n, 
Dr. G a y lc y ’s preceptor and m ine, g rea tly  beloved, now  gone 
to the far-aw ay cou ntry, spoke, and D r. Ira  Rem sen. I t  was 
a great celebration. One of the college b o ys told m e th at n ever 
before had so m an y high hats been seen on th a t cam pus.

W e dedicated then a  new  library  as w ell— T h e H en ry  W . 
O liver Chem ical and M etallurgical L ib ra ry  of L a fa y e tte  College, 
endowed b y  Mr. H enry W . O liver, one of Dr. G a y le y ’s associates, 
long engaged in the iron and steel business. T h is g ift w as m ade • 
a t M r. G a y le y ’s suggestion.

D r. G a y le y  is a  w orkin g trustee of L a fa y e tte  College. H e 
has given  tim e and m on ey to the College, n ot once, b u t m an y 
tim es. One of his recent tasks has been the erection of a new 
building for the D epartm ent of M echanical Engineering. I 
have often been stru ck  w ith  the o rig in ality  and keen intuition, 
w hich he show s here as elsewhere. One of his ideas is com ­
pulsory athletics for all students.

I w en t to L a fa y e tte  College in 1874 w ith  Dr. D row n, as his 
assistant. I w as nineteen years old and had n ever seen the 
inside of a  college building. G a y le y  w as then a ju n io r and 
p robably kn ew  m ore abou t chem istry than 1 did. In his senior 
y e a r  I w as in charge, during D r. D row n ’s absences, of the quan­
tita tiv e  laboratory  where G a y le y  was w orkin g. I w as never, 
therefore, in a n y  proper sense D r. G a y le y ’s teacher.

G ay ley  is the son of a  P resbyterian  m inister, not blessed 
w ith  great w ealth; like m an y poor bo ys he received help from  

* A ddress delivered at th e  P erk in  M edal M eeting, Society of Chem ical 
In d u s try , Chem ists' Club, New Y ork, Ja n u a ry  24, 1913.
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the college funds. H e w as not m uch of a  talker then, b u t had 
a  keen sense of humor. A t  th at time F . H . Daniels, of W or­
cester, Mass., was also an assistant in the laboratory. The 
boys called him  Asenic, bccause th at was the w a y  he pronounced 
it. Daniels and I  undertook to listen to the different preachers, 
and one S un day evening visited the Presbyterian Church in 
Phillipsburg. G ay ley  and his friend P eacock were there too, 
and n ext m orning we were accused of slipping over to P-burg 
on the sly  to see the girls. W hat they were doing did not ap­
pear.

W hen he left college, G ayley  becam e chem ist for the Crane 
Iron Co. a t Catasauqua. A t  th at tim e a  chem ist was con­
sidered an ornam ent rather than a necessity, and his value was 
gTeatly increased if he were of econom ical habits. Mr. F rank 
Horn, of Catasauqua, thinks his sa lary  w as $35 a  m onth a t the 
start and there is a  tradition a t  C atasauqua th at the Directors 
of the Crane Iron Co., upon one occasion, gra ve ly  discussed Mr. 
G ay ley ’s petition  th at his com pensation be increased from  $40 
to S45 and finally concluded that the additional expense w as not 
w arranted. T h e books of the com pany show th at he w as paid 
a t the rate  of $500 a  year in 1879. T h ey  also show th at Mr. 
H. J. Seam an, who succeeded him, a t  one time, received as m uch 
as S100 a  m onth. Perhaps this was the belated result of G a y le y ’s 
persuasive w o rk  w ith the Directors.

E veryon e who knew  Jim  G ay ley  a t C atasauqua remembers 
him  pleasantly. H e likes to go back there where everyone 
calls him  “ Jim .”  W hile there he lectured on chem istry in the 
Presbyterian  church and afterw ards appeared as one of the 
"b a b e s  in the w o o d ” in a church entertainm ent. I venture to 
predict that if Dr. G ay ley  ever has a return engagem ent in either 
of these rôles, no building in the I.chigh V alley w ill contain 
his audience.

W hile  in C atasauqua he lived a t the hotel kep t b y  Captain 
H arte. H e still holds in affectionate rem em brance the pies 
Mrs. H arte  used to bake. I  can rem em ber th at when he came 
back  to v isit us a t the college he told us th at it cost less to run 
his laboratory than a n y  other in the Lehigh Valley.

T he m ajor p art of the education w e receive is self-education. 
Som e men h ave  n ever had m uch beside self-education. W hen 
I rem em ber w h a t Mr. G ay ley  w as then and see w h at he is now, 
I am  thoroughly convinced of the fineness of his fiber. E v ery  
tim e I m et him  he showed evidence of im provem ent— of the 
w orking of th at y e ast w ith  w hich on ly the great are infected.

A fte r  leavin g college he often cam e back to com m encem ent, 
and I saw  him  once or tw ice in P ittsburgh. I  had been plug­
ging a w ay  a t chem istry in Jenks H all, which w as the chem ical 
laboratory- from  abou t 1881 to 1902. I taught descriptive 
chem istry, a n a lytical chem istry, organic chem istry, theoretical 
chem istry, chem ical technology, assaying, blowpiping, m etal­
lu rgy and scientific G erm an. D uring the in tervals I worked 
for a  living. Our laboratory  w as poorly equipped and I  was 
v e ry  short of books. One d a y  Mr. G a y le y  cam e in and after 
som e general ta lk  suggested th at I  get up plans for a  new  labora­
tory. I  had heard th at sort of suggestion before from  others 
and nothing had com e of it. So I acquiesced, bu t did nothing. 
Som e m onths afterw ard Mr. G ay ley  again  suggested th at I 
get up plans and said th at he would p a y  for them . I con­
sulted the President who told m e th at G a y le y  had m ade a  lo t of 
m oney and th a t he w as p robably  in earnest. T hen I  con­
su lted  an  arch itect and in a  short tim e G a y le y  H all w as in full 
blast. Im agine m y  feelings. F o r 20 years I  had labored w ith  
m y  college w ork as one alm ost w ithout hope, when suddenly 
all m y  wishes w ere fulfilled and I found m yself w ith  a handsome, 
well-equipped laboratory, an endowed library  and assistants 
enough to enable m e to do rea lly  good w ork. I  m ust leave 
som e things unexpressed. I cannot possibly express m y feel­
ing for D r. G ayley . On the return trip to N ew  Y o rk , a fter the 
dedication  of G a y le y  H all, D r. Drown, then president of Lehigh

U n iversity, w as one of the p a rty , and Mr. G a y le y  offered him 
$5000 for the U n iversity , w h ich  D r. D row n  accepted. This 
w as used b y  D r. D row n as a  p a rt of the fund for the erection 
and equipm ent of a  M echanical L a b o ra to ry  a t Lehigh. I 
think' this g ift w as prom pted m ore b y  his lo ve  for D r. Drown than 
for a n y  other reason. L a fa y e tte  and L eh igh  are athletic rivals 
and it is necessary for L a fa y e tte  m en to p ractice  a  certain amount 
of discretion in  confessing fondness for Leh igh. I f  Mr. Gayley 
is to be con victed of lo ve  for L eh igh , he m u st himself confess it. 
I know, how ever, th at m a n y  L eh igh  m en are fond of him, for 
Dr. D rinker is m y  a u th o rity ; the best evid en ce  of this is the 
honorary degree w h ich  L eh igh  g a v e  him  la st June.

A b o u t this tim e Mr. G a y le y  g a v e  $5000 to  D r. J. A . Brashear, 
of the A llegh en y O b servatory. T h is g ift  m a y  also have been a 
personal one, prom pted b y  the lo ve  w h ich  Mr. G ayley felt lor 
him : a  feeling shared b y  a ll B rashear’s acquaintances.

Som etim es G a y le y  w as w illin g  to ed u ca te  the older generation. 
T here is a story  going the rounds, unverified, th at shortly alter 
he assumed charge a t  B irdsboro, the furnace began to give 
trouble. Of course, Mr. B rooke w as g rea tly  interested and 
asked m an y questions. F in a lly  G a y le y  could endure this no 
longer. H e told B rooke n o t to both er a n y  m ore, the furnace 
would com e around all r ig h t and w hen it  did he would send lor 
him.

M y friend, Dr. J. W . R ichards, sa ys th a t he once asked Gayley 
w h at his calculations show ed in  calories w ith  d ry  air as com­
pared w ith  natural air. G a y le y  replied th a t he did n 't know nor 
give a  whoop abou t the calories; w h a t he w as interested in was 
the pounds of coke saved per ton  of iron.

W hen G ay ley  H a ll w as a b o u t com pleted he cam e over from 
N ew  Y o rk  to look a t  it. I  found him  stan d in g ou t in the quad­
rangle looking up. " T h a t ’s a  fine bu ild in g,”  he said. Then 
we w ent in and stopped a  m om ent in the h a llw ay. “ My! that's 
a  fine building,”  said G ay ley . W h en  w e  w en t into a laboratory, 
plain, unadorned, m odeled a fte r the lab o rato ry  of a steel works; 
"  B y  God, th a t’s a  fine la b o rato ry ,”  sa id  G a y le y .

I  have had the good fortun e to  k n ow  a  good m an y men whom 
I consider really  great m en— an d b y  th e w a y , have you ever 
noticed how  prolific our co u n try  is o f such m en? Most of them 
are, of course, chem ists. W ith o u t bein g invidious, I may 
m ention such shining exam ples as D r. D row n, Dr. Raymond, 
Dr. H owe, Dr. Chandler, D r. N ichols, D r. M orley, Dr. Acheson, 
Dr. Rem scn, Dr. W iley, D r. S m ith  of th e U n ivers ity  of Pennsyl­
vania— one m ust particu larize  w hen sp eak in g  of Smiths—and 
Dr. Loeb, ju st departed, and I  h a v e  n oticed one characteristic 
comm on to them  all— v e ry  p rom inent in a ll of them. I mean 
their great consideration for o th er fo lk s ’ feelings. Mr. Gayley 
belongs in this class. W hen  pleased he expresses himself fully, 
when not pleased— silence. C onsideration  for others is 
natural to Jim  G a y le y  th at I don’ t believe he half realizes what 
a good fellow  he is.

In  essentials he seems to m e v e r y  like  m y  dear friend and 
preceptor T om m y D row n, w hom , as his assistan t for many years, 
I  knew  well. Surely, I  m a y  praise th e dead w hom  I loved and 
whose m em ory is dear; sy m p ath e tic  in a ll th a t was good and 
true, aspiring, just-— no, generous, a lw a y s fair, carefully con­
cealing a  heart of pure gold. I t  is a  p riv ilege  to have associated 
w ith such men.

Mr. H arold Chidsey, w ho is one of th e instructors at the 
Tom e School for B oys a t P o rt D eposit, M aryland, speaks in tie 
w arm est term s of Mr. G a y le y ’s w o rk  there. In  Mr. Chidsey5 
words, “  H e is a liv e  trustee.”  I  am  q u ite  sure this is true, 
for Dr. G ayley  has often  spoken to m e a b o u t the school; about 
their high ideals and the w onderfu l w o rk  th e y  were doing. 
was p articularly  anxious th at a t  L a fa y e tte  our work should be 
of the sam e high order.

W hat m a y  w e  n o t  hope to a c c o m p lis h  a t L a fa y e tte  College 

w ith  su ch  lea d ersh ip  ? I  co n fe ss  to  th e  b e lie f in  a  great future.
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Away from  th e  h u rric a n e s  w h ic h  r a g e  in  th e  c a fio n s  o f lo w e r  

Manhattan, th e  e ffe te  c iv i l iz a t io n  o f  W a ll  s tr e e t , a n d  th e  lu re s  

of B roadw ay, w e  m u s t  e n d e a v o r  to  b u ild  u p  a  s a c re d  c i t y  d e d i­

cated to the p u riL y  o f tru th .

T H E  N E W  A G E 1
B y  R o s s i t e r  W .  R a y m o n d

There is no p ossib ility  of d en yin g  th a t w e liv e  in a  new  age. 
I know th at this has been said, and I  su sp ect th a t it  has been 
true, of every age since L am ech  handed th e adm in istration  over 
to Tubal Cain; b u t th a t does n ot p reven t its bein g true to -d ay—  
more truly true than a n y th in g  p rev iou sly  declared, because it 
is true for us. People do n o t agree as to the e x a c t  particu lars 
of this novelty, or their e x a ct valu e, o r th e sp ir it in  w h ich  th ey  
are to be received. E n th u sia stic  voices of y o u th , sh ou tin g the 
war-cry "W h a tev er  is, is w ro n g !”  re joice  in e v e ry  change as a 
step of victorious progress. D ep reca to ry  vo ices of age  declare 
that they recognize, in  m a n y  of these changes, old errors, w hich, 
once exposed b y  experien ce and k illed  a fte r  long stru ggle, are 
not entitled to a  resurrection ; and th a t progress b ackw ards is 
not real progress a t  all. Y e t ,  a fte r all, for good o r evil or (as 
usual) both, it is a new  age. L e t  us see w h eth er w e can n ot p oin t 
out some features in it, con cern in g w h ich  a ll parties can  agree. 
Before engaging in this perilous a tte m p t, p erm it m e to rem ind 
you of the universal proposition  th a t science is q u an tita tive . 
No enumeration of facts, causes and factors can  co n stitu te  a 
science until it  begins, a t  least, to w eigh and m easure them , 
and to determine their re la tiv e  effect and im portance. I t  is 
for this reason th a t p olitica l science, as a  b o d y  of law s deduced 
from established facts, and u n iversa lly  accep ted  b y  com p eten t 
investigators, does n ot y e t  ex ist. I t  presents, in lieu of w ell 
established facts, ard en t assertions, supported b y  statistics , 
more or less carefully  com piled, and m ore o r less in te lligen tly  
interpreted; and the law s of a  science can n ot be derived  b y  
induction from such in ex a ct and disp utab le  d ata , to w hich, 
even if they be u nassailab ly  true, no re la tiv e  valu e  has been 
quantitatively assigned.

In the absence of th e m eans o f su ch  scientific induction, 
there is sometimes a t com m and a  sh ort m ethod, w h ich  ro u gh ly  
checks the conflicting claim s of theorists an d  reform ers. T h e  
Egyptian K ing, w hen his engineers differed v io le n tly  as to the 
grade of an irrigating d itch — each p a rty  p rodu cin g the notes 
of its survey to su p p ort its assertion— turned w a te r in to the 
ditch, and decided th e question-at-issue b y  ob servin g w hich 
way the w ater ran. In  like m anner, w h en  w e  are show n con ­
clusively th at the conditions o f labor in  this co u n try  are worse 
than in other lands, w e  look  a t  th e statistics o f im m igration, 
and finding a  m ig h ty  curren t, ru n nin g on ly  one w a y , w e form  
our general w orking hyp o th esis accordin gly .

It is by this m eth od  th a t I  a sk  y o u  to consider our n ew  age, 
as indicated n ot in th is co u n try  alone, b u t th ro u gh ou t the 
civilized world, and to  recogn ize certa in  w orld-w ide facts.

i. In the first place, th e old w orld, a fte r  m a n y  centuries, 
during which it  b arely  succeeded in  feedin g and c loth in g  itself, 
■s at last growing rich. U p  to, sa y , f ifty  years ago, ho w  b egg arly  
was the surplus— a  few  hundred palaces, a  few  thousand pictures 
and statues, a few  m illion s of accu m u lated  gold, silver and 
jewels. In these respects, f ifty  y e a rs  of to -d ay  are m ore th an  a 
cycle of yesterday.

2- W hat has been th e chief cause o f this change? N o t 
government, not com m erce, n ot w ar, n o t social reform , e xcep t 
so far as these con trib ute  to the fun dam en tal condition. F or 
the phenomenon is the a b ility  of th e w orld to feed and cloth e 
and shelter its population , and still h a v e  labor to  spare for 
industries not d irectly  p ro d u ctive ; and the cause m u st be the 
greater p roductivity  of the in d iv id u al m an.

1 Address delivered a t  th e  P e rk in  M edal M eeting, Socie ty  of Chem ical 
Industry, C hem ists’ C lub, N ew  Y o rk , J a n u a ry  24, 1913.
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3. T h is has been achieved, first, b y  increasing th e equ ip m ent 
o f the m an b y  m eans of know ledge, and then b y  his use of th at 
kn ow led ge in sum m oning and con trollin g th e pow ers of nature, 
to reinforce his own. In  short, applied  science, u nder and 
before all oth er causes, has transform ed hum an life.

In  connection w ith  the first p oin t— the increase of in d iv id u al 
know ledge, p erm it m e to rep eat a  statem en t, u ttered  b y  m e ten  
y e ars  ago, in an  address on the D yn a m ics and E th ics  of E n g i­
neering. I t  is so deligh tfu l to be  ab le  to re iterate  w ith o u t 
change an opinion ten years o ld !

" W h a t  is Engineering? T h e  con trol of n ature  b y  m an. 
I ts  m o tto  is the prim al one— ‘ R ep len ish  the earth  an d  subdue 
i t ’— not m erely depend upon it, like a  s ta tio n a ry  p la n t or 
roam ing beast, or hu n tin g  savage, ta k in g  w h a t it  gives— b u t 
change it b y  creative  w ork, and use it  w ith  sovereign  skill. 
Is  there a  barren  desert— irrigate  it;  is there a  m oun tain  barrier—  
pierce it; is there a  rushing torrent— harness it. B ridge  the 
rivers; sail the seas; a p p ly  the force b y  w h ich  all th ings fall, 
so th at it  shall lift things. R eco ver the solar energy long stored 
in b la ck  darkness to reinforce the sunshine of to -d ay  w ith  h eat 
and ligh t and pow er. N a y , be 'm o re  th an  conqueror,’ as he is 
m ore w ho does n ot m erely s la y  or capture, b u t m ak es lo ya l 
allies of those w h om  he has overcom e! A p p ro p riate , annex, 
absorb, the pow ers of p hysical n ature  into hum an  nature!

" I n  the execution  of this prim al com m and, the use of m a ­
chin ery  has been the factor and m easure of progress. I t  is 
a  truism  of to-d ay th a t th e m o st civilized  n ation  is the one w h ich  
uses the m ost coal. P ro b ab ly  th a t w ill n ot a lw ay s rem ain  as 
accurate  a  test as now. R egions w h ich  h ave  no coal m a y  com e 
to u tilize  w a te r pow er, and its transm ission b y  m eans of the 
electric current, so as to  realize som ethin g of the benefits of 
m odern engineering. So I w ill n o t sa y  th at it w ill a lw ay s be 
the co u n try  th at uses the m o st coal, b u t I  th in k  it w ill a lw ays 
be true th at the nation  w hich is forem ost in the u tiliza tio n  of 
som e n atural pow er w ill be also forem ost in e v e ry  bran ch  of 
hum an progress.

“ F o r w h a t is the species w h ich  w e seek to p erp etu ate? N o t 
an anim al form  m erely, w h ich  can  eat, figh t o r hide, o r run 
a w ay, nurse children, and die. N o ! the species is progressive 
m an, linked in his origin w ith  the grass and the beast, b u t 
in his destin y w ith  the universe and its C reator.

" F o r  w e have to consider now  n o t m erely the descent, b u t 
also the ascen t o f m an— a nobler evo lution , w hich I h ave  a t­
tem pted to describe in m odest verse.

-THE A S C E N T  O F  M A N

H e stood upon the earth , and turned 
T o  gaze on  s k y  and laud an d  sea,

W hile  in his car the w hisper burned,
‘ B ehold, these all belong to th ee!’

O w ondrous call to conquests new !
O th rill of blood! O jo y  of soul!

O peaks w ith  ever-w idening v iew  1 
O  race, w ith  still-receding goal!

H e heard; he follow ed, everm ore
S tu m blin g  and falling, w and erin g far,

Y e t  still advan cin g, w h ile  before
H is footstep s shone th e gu id in g star.

H e  c left th e seas; the torren t loud 
H e harnessed to  his need or w him ;

H e bade the ligh tn in g of the cloud 
R u n  w ith  his w ords, and toil for him .

H e pierced the rock; he scaled th e steep;
D estroyed; created ; b rou gh t to ligh t

T h e  secrets of the deepest deep,
T h e  glories of the h ighest heigh t I
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T h e F uture and the Past he scanned;
W ith  sense refined and vision keen,

Explored, beyond this lower land,
T h e  treasures of a  realm  unseen.

U ntil he stood w ith  regal brow ,—
N o more, as on the prim al sod,

A  creature y e t ungrown, b u t now
Lord of two worlds, and friend of God!

" T h is  is the species w ith  which w e have to deal. I t  is som e­
times said that evolution, as shown in lower spheres, stops w ith 
the appearance of m an. B u t the m ost astonishing product of 
evolution— its last and strangest chapter— is m an himself! 
m an plus an infinite cap acity  of spirit; m an plus m achinery, 
which is but the expression of th at cap acity; m an, whose eyes 
su rvey planet and anim alcule alike; whose ear catches whispers 
from all the world; who hears w h at the past has said; who 
speaks to the future; whose feet speed over continents and 
oceans; whose hands tear open m ountains, turn rivers from 
their channels; fill the air w ith  the din of m igh ty  industries; 
shake the ground w ith  the thunder of battle. D o you  say  it is 
the printing press, the steam  engine, the dynam o, the explosive 
m ixture, that do these things? I tell you  it is m an; and these 
are parts of him !”

B u t m an has a lw ays been learning, and a lw ays applying 
knowledge. W h y is it th at this elem ent of progress has be­
come so m uch more potent in this present age than ever before? 
The crude off-hand answer is the true one— there has been a 
m arvelous increase of knowledge, and a  corresponding increase 
in the application of it.

N ow  this is a cum ulative effect, like the annual rise of the 
Nile. In the high m ountains of A byssin ia, ten springs m ake 
one brook, ten brooks com e together to form one creek, ten 
creeks form  a river, tribu tary  to the A tb ara  or W hite  Nile, and 
the A tb ara  flows to its confluence w ith the B lue Nile, carrying 
the m u dd y contents of all its tributaries. In  the d ry  season, 
the A tb a ra  itself is but a slender stream , or even a  scries of w ater 
pools only, connected b y  underground seepage in its sandy 
bed. B u t when the h ea vy  rains descend upon its innum erable 
sources, there arc sim ultaneous floods in all the brooks u niting 
to larger floods in all the creeks, and so on, until the A tb ara  
is traversed b y  a  m igh ty  w ave, advan cin g like a  w all a t terrible 
speed— and the overflow  of the Nile has begun, to be felt as a 
m ysterious blessing for 1500 miles. Such is the effect of ten 
thousand separate springs of hum an knowledge, when they 
flow together, to exert their pow er at once.

Y e t  this figure is not com plete, as a  description of the N ew  
A ge. For the num ber of the separate sources has been m u lti­
plied, through education, in an enorm ous increase of individual 
investigators and individual discoveries. I  know  th at in these 
days it is unpopular to insist upon the rights of the individual. 
L ib erty , property, com petition and personal am bition, are all 
to be sacrificed to collectivism  and solidarity. W h at the result 
of this w a ve  of socialism  m ay be, no m an can y e t predict, except 
so far as history records the rise and fall of sim ilar tides of 
passion and fashion. B u t one thing abides sure: the m en who 
d iscover and ap p ly  new  know ledge arc going to be, as th ey have 
a lw ays been, the real leaders of the race. N o dem ocracy can 
dethrone them ; no jugglin g w ith phrases of legislation or dec­
lam ation can  disarm  them . T h e y  pursue their quiet, irresist­
ible w a y , w hile the crow d of partisans, quarreling fiercely am ong 
them selves, unconsciously follow these unrecognized y e t  in­
vincible guides. A nd there are m ore of them , a hundredfold, 
than there ever w ere before!

A n d these m en are draw n more closely togpthcr than ever 
before. T h e natural sciences arc sw iftly  becom ing one science; 
and those who utilize b y  m eans of science the powers of nature

are beginning to be thrilled w ith  a  new  sense of brotherhood. 
T h e y  arc all Engineers, for the m ig h ty  enginery of Civilization is 
in their hands.

The old distinction  betw een a b stra ct and applied science is 
w ell-nigh obliterated. T h e  p ractitio n er som etim es follows, 
som etim es leads, the theorist; it  w ould  be m ore correct, perhaps, 
to say  that th ey go forw ard side b y  side.

M an y years ago, Charles Sum ner, in the S en ate of the United 
States, proposed an appropriation  b y  Congress, in aid of ex­
perim ents to test the p ossib ility  of telegraphin g without a 
connccting wire. T h e ap p ropriation  w as n ot m ade; and I 
rem em ber w ith  w h at a  sm ile of conscious superiority  many re­
garded th at fresh instance of the a u d a city  w ith  w hich amateurs 
rush in, where exp erts kn ow  there is no footin g. Later, when 
we studied the lectures of Prof. H ertz  and other leaders in 
abstruse electrical science, how  litt le  did w e realize that such 
refinements of theoretical in qu iry, sw ift ly  reinforced b y  practical 
ingenuity of application, would p resen tly  fill w ith human 
speech the atm osphere of the world.

A gain, the free exchan ge of know ledge has m ade its energy 
well-nigh om nipotent. F o r in thought, as in mechanics, the 
measure of energy is n ot mv, b u t mv2— n ot knowledge alone, 
but its product when m ultiplied b y  the square of the rapidity 
with w hich it is com m unicated.

The old practice  of secrccy  in applied science has largely 
passed aw ay. W e h ave  found ou t th a t w hen w e ligh t another's 
candle from  our own, w e h ave  m ore ligh t ourselves than we had 
before.

E ven  business interests, I  th in k, do not, in the long run, 
favor secrecy. S ir H en ry B essem cr’s fam ily  derived, for several 
generations, considerable w ealth  from  the m anufacture of a 
bronze powder, the secret of w hich w as jealo u sly  kept. But 
the pu blicity  given  to the B essem er process b rou gh t him a much 
greater reward, and to m an kind a  greater benefit. Y o u  (ell me 
th at this was an artificial rew ard, conferred b y  the patent law. 
B u t the law  of patents is b u t a  wise d evice  to secure, through 
pu blicity , the double benefit of the im m ed iate use and rapid 
im provem ent of an invention, w h ile  recogn izin g the rights and 
rew arding the labors of the in ven tor. I t  is a  ju s t bargain as 
regards the interest of the pu blic; and it is rea lly  generous to 
the inventor. A s  S ir W illiam  Siem ens w ell said, an important 
invention, given  a t once freely  to the w orld, m ight lie in the 
street for years unnoticed. Som e one m u st be induced by the 
prospect of a  special rew ard, to tak e  it  up, p erfect it in practice 
and push it into the com petition  o f in du stry.

B u t I am  not discussing the p a te n t law ; and I mention it 
m ain ly for the purpose o f sa y in g  th a t I  do n o t sym pathize with 
the opinion which I h ave  heard in som e quarters, that the 
patentee of a new in ven tion  ou gh t n ot to be perm itted to con­
tribute a description of it  as a  technical p ap er to a  technical 
society. U nder proper restrictions, exc lu d in g  "p u ffs ,” un­
supported assertions, and prophecies w ith o u t experimental 
proofs and practice, such con trib ution s arc  am ong the most 
valu able  th at any society can a d m it in to its Transactions.

On the other hand, the m ain tenan ce of technical secrets, 
instead of their free com m unication, does not, in m y  judgment, 
based on half a  cen tu ry  of ob servation , ju s t ify  itself in the long 
run. I he proprietor of such a  secret unconsciously regards 
him self as beyond the need o f im provem ent, and w akes too late, 
to discover that he has been surpassed in his art, and that his 
hoarded advan tage  has decaycd  011 his hands. Three separate 
m anagers in a  certain  in d u stry  once com m unicated to me, 
under the seal of confidence, each his ow n secret process for 
p erfecting a  certain  product. T h e y  w ere all doing the same 
thing; and if th ey  had com pared notes, th ey  w ould have found 
o u t m uch sooner than th ey  did, th at there w as a  better thing 
which they could have adopted.

A p art from  all these considerations of im m ediate business
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policy, Üic ad van tages of com m un ication  and coopération, 
whenever practicable, arc conspicuous and unquestionable; 
and their trem endous universal effect is m anifested  to us in 
this new age through the a c t iv ity  of technical schools, technical 
journals, and above all, technical societies.

Perhaps the greatest m etallu rgical n o v e lty  of the 20th cen tu ry  
has been the develop m ent of electric  sm eltin g through the 
utilization of w ater-pow er. T h ro u gh  this in du stry, Sw eden 
and Norway, rich in m inerals b u t poor in fuel, arc  com ing 
rapidly to the front, as com petitors w ith  those n ation s w hich 
have hitherto been recognized as n atu ra l leaders b y  reason 
of their supplies in coal. T h is  change w ould be m om entous, 
if it concerned those tw o n ation s o n ly ; b u t la te ly  I  found m y
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professional brethren  in Japan, stan d in g tiptoe, as it w ere, 
beside the m oun tain  torrents o f their Island E m pire, w atch in g  
eagerly , and a lre ad y  beginning to im itate, the m etallu rgical 
practice  of the A n tip od es.

In  short, gentlem en, I  h ave  arrived , b y  w a y  of this desu lto ry  
and im perfect discussion, a t the conclusion  w h ich  I m ight 
have  stated  w ith  eloquent confidence at the beginning: nam ely, 
th at yo u r S o c iety  and sim ilar organization s for the interchange 
of kn ow ledge con stitu te  the m ost p oten t agen cy  and the b righ test 
g lo ry  of this N ew  A ge.

W h a te ve r yo u  m a y  th in k  of the dem onstration, I h u m bly 
su bm it th at y o u  ou gh t to be pleased w ith  the proposition!

CURRENT INDUSTRIAL NEWS
B y  W . A. HAM OR

THE PRODUCTION O F C A LC IU M  C A R B ID E  AND C Y A N  A M ID E 
IN N O R W A Y

The Chemiker-Zeitung (37, N o. 6, 65) reports th a t th e plants 
of the A lby U nited  C arbid e  F actories, L td ., of London, in O dda, 
Norway, will, a fter th e  com pletion  of th e  exten sion  to  its w orks 
in June, have an ann ual produ ction  of 80,000 ton s of calcium  
carbide, of which, accordin g to  a  th ir ty -y e a r  co n tra ct, 57,000 
tons are to be delivered each y e a r  to  T h e  N itro gen  F ertilizer Co., 
the rest rem aining for th e  produ ction  of a ce ty lcn c . T h e  N itro ­
gen Fertilizer Co. has taken  over a ll th e  shares of th e  A lb y  
factories, and, in return , has given  sufficient of its ow n s to c k  to  
be absolutely dom in ated b y  th e  A lb y  w orks. T h e  N itro gen  
Fertilizer Co. has also acquired th e  p la n t of th e  N orthw estern  
Cyanamide Co., n ear O dda. T h e  ann u al c a p a c ity  now  am ounts 
to 18,000 tons of calcium  cyan am ide. T h e  production  is sold 
out for months to  com e, for th e dem and is n o t on ly  for cyan - 
amide for fertilizer purposes, b u t also for use in th e p rodu ction  of 
ammonia according to  O stw a ld ’s process. T h e re  is a  reason, 
therefore, w h y  th e N itro gen  F ertilizer Co. has in terested itself 
financially in the N itra te  P rod ucts, L td ., w h ich  concern  ow ns 
the patents on O stw a ld ’s c a ta ly tic  process for th e p rin cipal 
countries.

PO TASSIU M  SA L T S FRO M  S E A W E E D

The American Fertilizer, 38, 49, states th a t  th e  B ritish  C onsul- 
Gencral at San F rancisco reports th a t  tw o  a tte m p ts are now  
being made to e x tra c t  potassium  sa lts from  seaw eed  on a  com ­
mercial scale, b u t th a t  the in d u stry  has so far n ot passed th e 
experimental stage. O ne com p an y trea ts  40 ton s of kelp  d aily , 
obtaining abou t 20-30 per cen t, of p otash  from  /it. T h e  kelp 
is gathered from  th e-beach , and so con tains a  good deal of sand. 
It is dried on th e beach  b y  being tu rn ed  o v e r b y  hand, and is 
then burned in an open hearth . T h e  residue is a  chloride of 
potash, which has to  be  further trea ted , as on ly  su lfate  of 
potash is used in C alifornia. T h is  process requires no fuel, and, 
though it is crude, y e t  th e  results afford good reason for th in king 
it may be m ade p rofitab le  in tim e. T h e  other m ethod consists 
°I gathering th e kelp  in th e  w a te r  b y  a  sp ccial c u ttin g  d cvicc  
carried on a barge, w h ich  ensures th a t no sand is  present, the 
potash produced being th erefore m uch clcaner. T h e  kelp  is 
treated in closed retorts h eated  b y  petroleum . O n e ton  of dried 
seaweed is estim ated to produ ce a b o u t 550 pounds of chloride 
°f potash, 200 pounds o f su lfate  of potash, 5 pounds of iodine, 
200 pounds of fertilizer and 45 pounds o f gum , creosote and 
waste. It  is intended to  equip  th e  fa cto ry  a t  w h ich  th e kelp 
ls treated w ith an a p p aratu s for th e  production  o f cyan id e  and 
chlorate of potash.

T H E  C O B A L T  O X ID E  M A R K E T

The Engineering and M in in g  Journal, 95, 214, sta tes  th a t the

trad e in co b a lt oxide is c loscly  controlled, and the p ricc during 
1912 w as held a t  $0.80 per pound w ith o u t change; for 1913, an 
a d van ce  has been m ade, and $0.90 has been announced as th e 
figure for th is y e a r ’s con tracts. E x c c p t for the im ports b y  the 
In tern atio n al N ickel C o.’s subsidiaries, th ere  is b u t litt le  co b a lt 
oxid e  im ported. T h ere  is a d u ty  of 25 per cent, on th e com ­
m ercial article., b u t a  few  custom ers adhere to  the established 
E uropean brands and are w illin g to  p a y  th e prem ium  their use 
entails.

T h ere  is som e recovery  from  th e C ob alt-d istrict ores, b u t by' 
no m eans so grea t as w ould be possible w ith  a m ore w id ely  e x ­
tended use of th e  m etal. T h ere  is no production  of th e  m etal 
as a b y-p rod u ct of copper refining. I t  is reported th a t there 
are over 3,000,000 pounds of cobalt-nickel residues a t  th e  C an a­
dian and A m erican  refineries trea tin g  C ob alt-d istrict ores, b u t 
statistics of production  are n ot availab le.

T h e  C anadian  G overn m en t is con d u ctin g  exp erim en ts to  test 
the ap p lication  of co b a lt as an a lloy in g  m ateria l for steel. T he 
results arc reported to  be encouraging, b u t i t  is lik e ly  th a t th e 
final outcom e w ill be on ly a m ark et on the basis o f th e  prices 
of nickel, th a t  is, from  So.30 to  $0.40 per pound for th e  m etal; 
this conclusion is based upon the chem ical sim ilarity , p ra ctica lly  
speaking, of co b a lt and nickel. A n  o u tle t for som e cob alt 
products m a y  be  looked for in th e direction of p a in t driers and 
special cu tlcry , c tc., m etals; b u t th e principal use now  for co b a lt 
is as a  coloring for blue glass and for p o ttery  enam el.

T H E  M A R K E T S  FO R  C A U STIC  SO D A AND SO D A ASH

T h e  follow ing inform ation  is taken from  T he Chem ical Trade 
Journal, 52, 3:

A  certain  am ou n t of cau stic soda is im ported into F ran ce, b u t 
large qu an tities are produced in th a t cou n try  and th e  exp o rts 
are a lm ost 15 tim es as g re a t as th e im ports. T h e  exp o rts of 
soda ash are said to  be  a b o u t 20 tim es as grea t as th e im ports. 
T h e  F ren ch  cau stic  soda an d  soda ash com e p rin cip ally  from  the 
n orth east in the D ep artm en t of M eurthc-ct-M oselle, a  region 
rich  in sa lt m ines. T h e  principal soap-m aking cen ters of F ra n ce  
arc  M arseilles (kitchen  soaps) and P aris (to ile t soaps).

In  G erm an y, soda ash and a lk ali seem  to  be  controlled very' 
com p lete ly  b y  syn d icate  arrangem ents, outside of w hich th ey  
can  n ot be had a t  present. A  large num ber of G erm an concerns 
produce these articles, th e m ost im p ortan t being, perhaps, the 
D eutsche G old- und S ilbcr-S ch cidean stalt, of F ran k fort, which 
controls th e E lectro-C hem ische F ab rik  N atrium  and th e Chem - 
ische F ab rik  R esid ua, b o th  o f F ran kfort. A ll G erm an houses 
h ave  given  over their exp o rt business to  B run n er, Mond and Co. 
and th e  U n ited  A lk a li Co., of Liverp ool, and th ese firm s seem  to  
be th e  instrum ents th rough w hich th e exp o rt trad e is d istribu ted .

T h e  im ports of cau stic  soda into I ta ly  a verage  a b o u t §800,000
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per year, w ith  a probability of increase as Italian  glass, soap, 
paper and cotton  m anufacture are further developed. I ta ly  
itself produces only a  lim ited qu an tity  of this m aterial, and it 
is therefore dependent largely upon foreign m arkets for its sup­
p ly. Im ports of soda ash am ount to  over S i ,000,000 annually. 
T h e im ports of crude caustic soda com e principally  from  G reat 
B rita in  and France, and the sam e countries lead in exports of 
soda ash to  Ita ly .

T h e caustic soda and soda ash used in the D urban d istrict 
(N atal) is a t present purchased from  G reat B rita in  and G erm any. 
T h e  consum ption of caustic soda in N ata l is from  100-150 tons 
per m onth, and of soda ash from 40-50 tons per m onth. T here 
arc tw o soap factories in D urban, and these arc the only concerns 
w hich use caustic soda or soda ash to an y  exten t.

T h e im ports of caustic soda and soda ash into Japan  are 
practically  all from  G reat B ritain . A b o u t 10,000,000 pounds 
of caustic soda and 22,000,000 pounds of soda ash arc im ported 
ann ually  for consum ption in soap, glass and paper factories.

T H E  PR ESER V A TIO N  OF T IM B ER

Several papers of interest to  the chem ical engineer were pre­
sented a t  the annual m eeting of the Am erican W ood Preservers’ 
A ssociation in Chicago, Jan uary 21-23, I9I3-

H . von Schrenk discussed th e requirem ents for successful 
tim ber treatm ent. H e pointed ou t th a t the am ount of m aterial 
a ctu a lly  treated each y e a r is ten  tim es th a t of seven  or eight 
years ago. In  order to  obtain good results from  treated tim ber, 
lie said th a t the following points m ust be observed:

(1) O n ly perfectly  sound tim ber should be treated.
(2) Properly seasoned m aterial should be used.
(3) 'Al good p reservative is essential.
(4) Proper injection as to qu an tity  and penetration is neces­

sary.
(5) Proper subsequent handling of the tim ber is essential.
Investigations of prem ature failures of so-called treated tim ber

have show n th at th ey were attributable, alm ost w ithout excep ­
tion, to  the non-observance of one or more of these principles. 
In  the early  days of wood preservation much tim ber w as treated 
which w as sap rotten. H ow ever, the consum er frequently 
m akes dem ands w hich can n ot be fulfilled, and if th ey  are th ey 
arc bound to  result in ultim ate failure. T he inspection of m a­
terial before treatm en t should be made w ith  grea t care, and 
every  treatin g com pany should be em powered to  refuse to  trea t 
m aterial w hich it  know s to  be dcfcctivc. T he same holds true 
for im properly seasoned m aterial. In treatin g green-red oak ties 
with 2 gallons of creosote oil b y  the full-cell process, the pene­
tration is insignificant and internal sap ro t is bound to occur in a 
com p aratively short period of time.

H . F. W eiss reported the results of an investigation  wherein 
he com pared zinc chloride w ith coal-tar creosote for treatin g  
ties. In  1911, there were 9,445,961 ties treated w ith zinc 
chloride and 16,510,721 ties w ith coal-tar creosote in the 
U nited  S tates. Zinc chloride and coal-tar creosote, when used 
under norm al conditions, arc both  effective preservatives of 
cross-ties, and there is little  choice betw een them  so far as annual 
charges are concerned. Creosoted ties generally cost in itially 
m ore th an  B urn ettized ties, the cost of treatm en t being tw o or 
three tim es as great. Creosoted ties last,, on the average, longer 
in the track  th an  B urnettized ties, hence require less frequent 
renew als and changes in  th e roadbed. If creosote advances 
ap p reciably in price, i t  w ill very  probably result in stim ulating 
the num ber of ties treated w ith zinc chloride.

T A R  AS A F U E L  FO R O PE N -H E A R T H  FU RN ACES

T h e Indian a Steel Com pany, of G ary, Ind., has been in vesti­
ga tin g  the use of tar as a fuel for its open-hearth furnaces in the 
place of producer gas. I t  is reported th a t the results of these 
experim ents h ave  been v ery  successful, and a t  present tw o fur­

naces 111 open-hearth u n it N o. 1 arc b ein g  run exclusively with 
tar as it  com es from  th e b y-p ro d u ct coke oven  plant. The tar 
is handled v e ry  m uch like fuel oil, bein g atom ized w ith  steam in 
burners sim ilar to those used for oil.

A N O V E L T Y  IN G AS EN GIN ES

The Gas Age, 31, 77, sta tes  th a t  a  rc c e n t n o v e lty  brought out 
in E ngland was a  gas engine fed w ith  pow dered coal through a 
hopper a t  th e  ignition end. T h e  coal passes through tubes (2 
inches in diam eter in a  100 IT. P. engine) in to th e combustion and 
e xh au st cham bers, w here th e h e a t drives off the gas, which then 
becom es m ixed w ith  th e air draw n th ro u gh  the tubes. In the 
" L o w ” coal gas engine the in ven to r claim s to  be able to produce 
1 H. P. w ith  one-half pound of coal and 90 pounds’ pressure. 
I f the claim s are correct, th is "g a s  producer en g in e”  m ay interest 
those who arc obliged to  dispose o f large qu an tities of coal dust.

T H E  B R IT ISH  M E T A L  T R A D E  IN 1912

I m p o r t s K x  PORTS
L o n g  t o n s L o n g  tons

C opper............................................................ ..................• 1 3 0 ,5 8 1 5 7 ,4 4 1
T iii(o ).............................................................. .................. 6 0 , 3 4 8 4 3 ,6 6 3
L e a d ................................................................................... .................. 2 0 5 , 3 7 5 5 8 ,6 8 5

S p elter.......................................................... .................. 1 5 7 , 6 0 4 1 0 ,7 0 9

Minor m etals (nickel, alum inum , m inor
m etals and a llo y s)................................. .................. 7 , 8 8 9 2 8 ,5 4 9

M ercu ry.......................................................... ...............  1 .5 8 2 1 ,0 7 9

P y r ite s ............................................................ ...............  9 0 7 , 1 5 7 None
(a) T in ore and concen tra tes  im ported  w ere 28,652 tons , principally from 

Bolivia and S outh  Africa.

IRON AND S T E E L  ST A T IST IC S F O R  1912

I k o n  O r e  

P r o d u c t i o n  a n d  C o n s u m i t i o n

L ong  tons

Lake S uperio r.............................................................................  48,410,477
Southern  S ta te s ............................................................................ 7,590, «00
O ther S ta te s ................................................................................  3,485,000

Production  in the  U n ited  S ta te s ......................................... 59,485,477
Im p o r ts .............................................................................................  2,200,000

T otal supp lies.............................................................................  61,685,477
D educt ex p o rts ..........................................................................  1,307,000
Increase in s to ck s ...................................................................... 200,000

C onsum ption...............................................................................  6 0 ,17S.477

The consum ption in 1911 am oun ted  t o ...........................  43,571,536

S o u r c h s  o u  I r o n  O r e  I m p o r t s -
L o n j ;  t o n s ,  1 1 

e n d i n g  N o v c n i-

ber 30, 1912
C uba............................................................................................... 1,259,813
Sw eden.................................    315,796
N ewfoundland and L ab rad o r...............................................  124,585
C anada...........................................................    95,714
S pa in ..........................  83,631

T otal im ports am ounted  to ................................................... 1,904,594

P r o d u c t i o n  o f  P i g  I r o n

T o n s

F oundry  and force...................................................................  6,096,254
Low phosphorus........................................................................  282,359
Bessem er......................................................................................  1 1 ,385,297
B asic..............................................................................................  11,394,477
C harcoal  ..........................................................................  347,025
Spiegclcisen...........................   96,346
Ferrom anganese ........................................................................  125,379

T otal p roduction .......................................................................  29,727,137
Im p o rts ........................................................................................  125,000
lîx p o rts ................................................................ ’ ......................  268,000
C onsum ption..............................................................................  30 , 100,000
Consum ption per ca p ita .........................................................  70 3  pounds
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T H E  STEEL INDUSTRY 

The total production  of steel for 1912 w as a b o u t 29,745,000 
long tons, of w h ich  a b o u t 62.5 per cen t, w as basic and 37.5 
per cent. acid. T h e  U n ited  S ta tes  S teel C orporation  supplied 
about 45 per cent, of th e steel produ ction  of th e U n ited  S tates; 
it earned ap p roxim ately  §108,178,307, an increase of $3,822,744 
over 1911, although the to n n age of sh ipm ents increased a b o u t 
35 per cent, and th e prices rose a b o u t $6.00 per ton.

The iron and steel trad es are now  in a  stron g position, and 
this prosperity seem s lik e ly  to  con tin ue for som e tim e. T h ere  
was an increase of 20.4 p er cen t, in exp o rts of iron and steel, 
including m achinery, o v e r 19 11, w h ile  th ere  w as a decrease of 
0.04 per cent, in the im ports; and the foreign trad e  for 1913 
should be strong.

THE PROD U CTION O F AM M ONIUM  S U L F A T E  IN 1912

The world’s ou tp u t of am m onium  su lfate  during 1912 w as 
nearly 1,290,000 tons, m ore th a n  half as m uch as the to ta l 
output of nitrate of soda. T h is p rodu ction  w as th u s d istribu ted :

T o n s  ( a )

Germany.......................................................................................... 465 ,000
United K ingdom ........................................................................... 379 ,000
United S ta te s ................................................................................. 155,000
France..............................................................................................  68 ,500
Belgium...........................................................................................  49 ,500
A ustria-IIungary and  rem ainder of E u ro p e ..........................  170,000

Total o u tp u t..................................................................................  1 ,2 8 7 ,0 0 0
(a) The figures given th ro u g h o u t refer to  am m onia  p ro d u c tio n  ca lcu la ted  

into its sulfate equ ivalen t, as custom ary .

It will thus be seen th a t G erm an y is now  th e largest producer, 
which is p artly  ascribable  to  th e  develop m en t of the b y-p ro d u ct 
coke-oven and producer p lants, and p a rtly  to  the increase in 
German consum ption; in 1912, th ere w as a decrease, instead of 
an increase, in the G erm an  exports.

The production in th e U n ited  K in gd o m  w as as follows:

T o n s

Gas w orks..................................................................................  166,000 (
Coke, carbonizing an d  p ro d u cer gas p la n ts .................  132,000
Shale oil in d u s try ............................•........................................... 61 ,000
Iro n w o rk s ...................................................................................... 20 ,000

Total B ritish  o u tp u t ..............................................................  379 ,000

In 1912, the U n ited  K in gd o m  exp o rted  286,864 t ° ns of a m ­
monium sulfate, 39,333 tons of w hich w en t to  th e U n ited  S tates, 
86,659 tons to Japan, and 66,731 tons to Sp ain  and th e  Canaries. 
Unless G erm any enters in to th e  e x p o rt tra d e  m ore p rom in ently  
during 1913, the producers of th e U n ited  K in gd o m  look  for an 
increased dem and from  th e  U n ited  S ta te s  and Spain . P rom i­
nent British traders still regard th e U n ited  S tates  position  as the 
crux of the m arket.

About 215,000 ton s of am m onium  su lfate  w ere consum ed in 
the United S tates in 1912, of w hich am ou n t 60,000 tons w ere 
imported. Of the hom e production, 155,000 tons, a b o u t 75 
per cent, was produced b y  the b y -p ro d u ct coke p lants, and the 
balance by th e bon e-black  and coal gas industries. T h e  in ­
crease in production over 1911 w as 28,000 tons, due to  th e  larger 
operations of the b y -p ro d u ct coke industry'. A t  th e beginning 
°f 1912, there w ere 4,624 b y -p ro d u ct coke ovens in operation  
and 698 in course o f construction. A d d itio n a l b y-p rod u ct 
plants are announced for 1913, and it  is exp ected  th a t  the 
domestic recovery  o f am m onia w ill be carried  o u t on a  larger 
scale hereafter. A t  all even ts, A m erican  m an ufactu rers arc n ot 
being intim idated, a p p aren tly , b y  e ith er sy n th e tic  am m onia 
or fixed-nitrogen.

THE PETRO LEU M  IN D U S T R Y  IN T H E  U N ITE D  STA T E S IN
1912

Day (Am. Gaslight J . ,  98, 46; The Gas Age, 31, 85) estim ates

the crude petroleum  production  for 1912 in com parison w ith  
th a t  o f 19 11, as follow s:

B a r r e l s  o f  4 2  G a l l o n s

S t a t e 1911 1912
C alifo rn ia......................... . S I , 134,391 8 7 ,0 0 0 ,0 0 0
O k lahom a........................ . 5 6 ,0 6 9 ,6 3 7 5 2 ,0 0 0 ,0 0 0
Illino is ................................. 3 1 ,3 1 7 ,0 3 8 2 8 ,0 0 0 ,0 0 0
L ouisiana............................ 10 ,720 ,420 10 ,000 ,000
W es t V irg in ia ................. 9 ,7 9 5 ,4 6 4 11 ,800 ,000
T ex as................................. 9 ,5 2 6 ,4 7 4 10 ,500 ,000
O hio .................................... 8 ,8 1 7 ,1 1 2 8 ,5 0 0 ,0 0 0
P en n sy lv an ia .................... 8 ,2 4 8 ,1 5 8 8 ,0 0 0 ,0 0 0
In d ia n a ............................. . 1 ,695 ,289 1 ,200 ,000
K an sas .............................. 1 ,2 7 8 ,8 1 9 1 ,300 ,000
New Y o rk ........................ . 952,515 700,000
K e n tu c k y .......................... 472,458 500 ,000
C olorado ........................... 226 ,926 200 ,000
O th er S ta te s ................... 194,690 500 ,000

X otal p ro d u c tio n ___ . . 220 ,449 ,391 220 ,2 0 0 ,0 0 0

The Engineering and M in in g  Journal, 95, 152, g ives a low er 
estim ate, nam ely, 218,970,815 barrels.

T h e  decline in production  du rin g 1912 exerted  an  influence on 
th e price; for exam ple, M erccr, P a ., b lack , qu oted a t  $0.87 per 
barrel a t  the beginning of 1912, w as quoted a t  $1.53 a t  th e  end 
of th e y e a r; N o rth  L im a, Ohio, jum ped from  So.84 to  $1.22, 
Ind ian a from  S0.79 to  $ 1 .17 , K a n sa s and O klahom a from  S0.50 
to  $0.80, and E lcc tra  and H en rietta , T ex a s, from  $0.53 to $0.85. 
Ju dging from  th e dividend disbursem ents b y  th e con stitu en ts 
o f th e " o ld ”  S tan d ard  Oil C om pany, 1912 w as a  y e a r  of pros­
p erity  for th e E astern  oil com panies. W h ile  th e  C alifornia oil 
com panies m ade a  creditable  sh ow ing in dividends, th e  y e a r  
closed b a d ly  for them , ow ing to the S ta n d a rd ’s refusal to  ta k e  
low -grade oil a fte r the ex istin g  con tracts expired .

T h e  exp orts of m ineral oils from  the U n ited  S ta te s  for the 
y e a r  ended D ecem ber 3 1, w ere 1,736,230,014 gallons 111 1911 and 
1,844,530,045 gallons in 1912, T h e  exp o rts in 1912 included 
173.522,223 gallons of crude; 1,023,681,414 gallons of illu m in at­
in g oils; 213,559,784 gallons o f , lu bricatin g  oils and paraffin; 
i 75>°89i771 gallons of naph th as and gasoline; and 259,276,853 
gallons of residuum .

D uring the y ear th e dem and for gasoline g re a tly  increased; 
th ere was a considerable extension  in th e  use o f oil-driven 
tracto rs and agricu ltural m achinery, and th e em p lo ym en t of oil 
engines to  reduce pow er costs in rem ote d istricts bccam e m ore 
fu lly  appreciated.

M odern refining m ethods w ere described in brief during th e 
y e a r  b y  T hom as T . G ra y  (The M ineral Industry, 20, 577), who 
also indicated som e techn ical problem s requiring solution.

CONDITIONS OF T H E  P L A T E  G LASS IN D U ST R Y  IN T H E  
U N ITED  S T A T E S 1

T h e  annual production  of p la te  glass in the U nited  S ta tes  is 
a b o u t 60,000,000 square feet, a b o u t 47 per cen t, o f w h ich  is 
produced b y  the P ittsbu rgh  P la te  G lass C om p an y and the re ­
m ainder by  th e follow ing eleven  sep arate com panies:

A llegheny P la te  G lass Co., G lassm ere, Pa.
A m erican  P la te  G lass Co., K ane. P a .
C olum bia P la te  G lass Co.. B lairsville, Pa.
Federal P la te  G lass Co., O ttaw a , III.
F ord , E dw ard, P la te  G lass Co., R ossford, Ohio.
H eidenkam p M irror Co., Springdale, Pa.
K itta n n in g  P la te  G lass Co.. K ittan u in g , Pa.
Penn-A m erican  P la te  G lass Co., A lexandria , In d .
Saginaw  P la te  G lass Co.. Saginaw , Mieli.
S t. Louis P la te  G lass Co., V alley P a rk , Mo.
S tan d a rd  P la te  G lass Co., B u tle r, Pa .

1 M uch of th is  in fo rm ation  has been tak en  from  The Glassworker, 31, 
Nos. 16 and 17 (1913). F o r a  review  of th e  p re sen t s ta tu s  o f th e  w indow  
glass in d u s try  in th e  U nited  S ta te s , see T h i s  J o u r n a l , 5, 8 0 .
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N one of the A m erican  product is exported, w ith  the exception  
of a negligibly sm all q u an tity  to  contiguous territo ry  to  supply 
pressing requirem ents. T he capital invested in the p la te  glass 
in du stry in this country' is about $49,000,000, the sm allest 
concern in the industry having a capital in vestm ent of abou t 
§1,000,000. T he average num ber of men em ployed d irectly  
in th e in dustry is abou t 11,000, b u t those in directly  em ployed 
will equal more th an  tw ice this number.

The average cost of m anufacturing plate glass in th e U nited 
S tates in 1912 was 23.98 cents per square foot w ithout considering 
depreciation; w ith  depreciation added, b u t w ith o u t allow ing 
a n yth in g  for interest on bonds or capita l invested, th e  cost of 
p late  glass per square foot was 28.45 cents. In  1909, the sam e 
cost figures w ere 28.16 cents and 33.71 cents, resp ectively. A  
com parison of the foregoing costs, before deducting depreciation 
or an y  interest on bonds or capital, w ith  the average selling 
prices for the sam e periods, shows th a t all glass under five feet 
was sold a t  a  large loss, while th e m argin of profit on glass over 
five feet was bu t 1.81 cents per square foot in 1909 and 4.66 cents 
in 1912. If we include depreciation, there existed  on sales of 
plate glass over five square feet an actu al loss in 1909 and b u t
0.19 cen t profit per square foot in 1912.

I lie production of p late  glass throughout th e w orld is estim a­
ted a t  125,000,000 square feet, a  little  less th an  one-half of 
which is produced and consum ed in th is country. T h e  pro­
ducing countries in Europe are Belgium , G erm any, A ustria, 
France, England, Ita ly , Spain, and Russia; b u t B elgium  pro­
duces more glass than a n y  of the other countries, a t  the low est 
cost, and exports 95 per cent, of its product. T h e production 
of all b u t tw o of the European plate glass factories is curtailed 
and prices are fixed under a tru st com bination; each factory  is 
said to have a cap acity  of 45 to 50 per cent, more th an  their 
present production. Since the organization of th e International 
C onvention abroad, the p late  glass m anufacturers of Europe 
have prospered and m an y im provem ents in m achinery have 
been made, particularly  in polishing m achines. A t  present the 
cost of m anufacturing plate glass in Belgium  is $1.06 to  $1.25 
per square m eter (10.76 square feet), and rough glass is being 
m anufactured a t  a cost of less th an  $0.485 per square m eter.

The A m erican  p late  glass m anufacturers are n ot associated 
w ith the European syn dicate  and consequently th e la tte r has 
established a low range of prices for the A m erican  m arket. I t  
can  undersell com petitors in a n y  m ark et in the world and then 
recoup its losses b y  adding them  to the price of p late  glass in 
m arkets th a t it controls, and is in an im m ediate position to  m ake 
a  strong invasion of the A m erican m arket.

TH E PR ESEN T STATU S OF T H E  SUG AR IN D U S T R Y 1

1 he year 1912 w as indeed a  peculiar one in th e sugar industry 
n rth e  U nited States. In the beet sugar States, w ith  one or tw o 
exceptions, the yield was the highest 011 record, while ¡11 L ouisi­
ana the ou tp u t of cane sugar was the low est recorded for a  gen ­
eration. T he "cam p aign ”  is now over in the la tte r  S ta te  and 
the produ ct is p u t a t  less th an  iyo,ooo  tons, as again st 316 000 
tons m 1911. H undreds of acres of land in the cane parishes 
were inundated when the levees broke last spring and the younir 
cane was destroyed. Then, too, a freeze occurred early  in 
N ovem ber, 1912, and another the latter p a rt of the sam e m onth. 
N evertheless, the Louisiana cane planters have laid plans for a 
successful cam paign in 1 9 1 3 , although during m uch of the m onth 
of D ecem ber persistent rains retarded field w ork and delayed 
the planting of the seed cane.

industry, and there is hardly a S tate  in the beet b e lt from Ohio 

ab° Ve h ,f0 rm ati° "  has »**» i ™ .  M a n  Sugar

w est to  th e Pacific b u t has one or m ore p ro jects on foot with the 
v iew  to locatin g new  b eet sugar factories. Som e of the projects 
are sufficiently developed to  insure op eration  in 1913 if it were- 
n ot for th e tariff situation; in the case of others not so well 
developed, w ork has been suspended u ntil th e question is defi­
n ite ly  settled. I t  is of in terest to  n ote th a t  T ex a s is rapidly 
com ing to  the front as a  su gar S tate.

T h e  B e e t  S u g a r  I n d u s t r y  i n  t h e  U n i t e d  S t a t e s  f o r  1912

F ac to rie s Y ield of Sugar pro­
in Acres b eets  in duction in

S t a t e opera tion h arvested sh o rt tons short tons
C alifornia ..................... 100,612 980 ,894 155,432
C olorado...................... 142,369 1 ,683 ,158 223,181
Id a h o ............................ 18,500 184,000 25,132
M ichigan...................... 114,012 1 ,026 ,208 119,611
N eb ra sk a ..................... 19,248 213 ,000 25,150
O hio.............................. 27 ,500 268 ,214 28,433
U ta h .............................. 36 ,160 469 ,000 59,590
W isconsin .................... 23 ,400 250,000 30,000
One fac to ry  states:

Ariz., 111., Ia ., K an .,
M inn., M ont., Nev In d . S 49 ,800 466 ,710 63,637

T o ta l......................... 531,601 5 ,5 4 1 ,1 8 4 730,166

I* or com parison, th e follow ing E u rop ean  statistics on beet 
sugar crops for 1912 are ava ilab le;

T o n s

R u ssia ....................................... '.................................... 1 ,182 ,700
G erm any .......................................................................  2 ,604 ,000
F ran ce ............................................................................ 893,620

T H E  PROD U CTIO N AN D  CONSUM PTION O F R U B B E R  IN 1912

T h e  statistics w hich follow  arc taken  from  T he India Rubber
World, 47, 194 .

P r o d u c t i o n

T o n s

S outh  A m erica (E as t C o as t) .....................................  40,700
S ou th  A m erica (W est C o as t) ....................................  2,000
C entral A m erica and  M exico..................................... 5,000

Africa..............................................................................  is ,  ooo
Assam, R angoon  and  B orneo ...................................  2,500
G uayule and  Je lu to n g  ru b b e r................................... 10,000
P la n ta tio n ......................................................................... 28,500
All o th e r sources .................................................................  j 000

T o tal p ro d u c tio n .......................................................  104,700

C o n s u m p t i o n

T o n s

A m erica .............................................................................  48,000
G reat B r ita in ............................................................ 17 250
G erm any ....................................................... ' ..................  16,000
F ran ce ................................................................................  10,000
R ussia ................................................................................. 7,000
B elgium .............................................................................  2,000
All o th e r co u n trie s ............................................ .. 8 000

T otal c onsum ption .................................................... 108,250
Excess over p ro d u c tio n ..........................................  3,550

IMPORTS INTO TH E UNITED STATES 

D uring the fiscal y e a r  ending June 30, 1912, 110,210,173 pounds 
of crude rubber were im ported.

F or the ten  m onths end in g O cto ber 31, 1912, 97,308,544 
pounds of crude rubber w ere  im ported.

F rom  Jan u ary 1 to  N o vem b er iS , 1912, the U nited States 
received 3,572,959 pounds o f C eylon  grow n  rubber.

T H E  U TILIZA TIO N  OF B L A S T -F U R N A C E  AN D  COKE-OVEN 

G ASES.

G o u vy  (Eng., 94, N o. 2446, 684) sta tes  th a t  th e French iron 
and steel w orks h a v e  failed to  derive from  th eir waste gases 
all the advan tages possible, largely  from  h a v in g  c o n s i d e r e d  

the m atter from  too general an asp ect, in cap le  o f studying each
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proposition in dividually. T h e  course to  be  adop ted  should 
vary with the local conditions, such as th e  price o f fuel, th e 
quantity of coke passed th ro u gh  th e  blast-furnace, and w ith  
the amount of pow er w h ich  can  be  used in th e  w orks them selves 
and by their subsidiaries, as m ines, cem en t w orks, e tc ., a ll of 
which afford a  field for th e  use of gases now  w asted , in addition  
to what can be sold to  oth er u ndertakings. W hen coke-oven 
gas is available, as w ell as th a t  from  blast-furnaces, th e  possible 
methods of utilization  a te  la rge ly  increased. T h e  adoption  of 
regenerative heatin g has g re a tly  redu ced  th e  q u a n tity  of gas 
which it is necessary to  consum e in  th e  ovens th em selves, so 
that fully 50 per cen t, of th e  to ta l gases liberated  a re  disposable 
for other purposes.

In the case of the existin g  F ren ch  w orks, G o u v y  considers 
that the program  to  be  adopted m u st be la rge ly  governed- b y  
the character of the p resen t steam  p lan t, w h ich  it  is n o t a lw ays 
financially possible to m odernize. W hen, on th e  other hand, 
new works are being laid out, i t  is gen era lly  feasible to  arrange 
the power plant so th a t  it  is op erated  b y  th e  w aste  gases en tire ly . 
It should, in such a  case, be possible to  op erate  b y  th e w aste 
gases the blowing-engines, th e  electric  pow er station  of th e w orks, 
and the rolling mills. If coke-oven  ga s is also ava ilab le, it  should, 
moreover, be possible to  w o rk  thus the reh eatin g  furnaces, 
the steel furnaces, and th e  other accessory  h ea tin g  p lant.

The first essential to  good results w ith  b last-furnace gas is 
to clean it, so th at, as used, i t  does n ot con tain  m ore th an  0.5 
gram of dust per cub ic  m eter. T h is g rea tly  increases th e  evap ora­
tive power of a n y  boiler h eated  w ith  th e  gas. T hus, w ith  th e 
uncleaned gas, a b o u t 2 cub ic  m eters are required per kilogram  
of water evaporated', as com pared w ith  on ly  1 to  1.2 cu b ic  m eters 
per kilogram w ith th e  uncleaned gas. T h e  g re a t effect of c lean ­
ing on the evap orative  efficien cy is due to  th e  fa c t  th a t  th e  du st 
is an excellent non-conductor, and, if present, is deposited upon 
the heating surfaces, g re a tly  im pedin g th e  transm ission  of h e a t 
across them to  th e w ater. In  a  W estp h alian  w orks, w here th e 
cleaning plant reduces th e  d u st co n ten t to  less th an  0.25 gram  
per cubic m eter, th e  consum ption  of gas is on ly  0.8 cub ic  m eter 
per kilogram of steam  su p erh eated  to  250° C.

The same considerations are  ap p licable  to  b last-h eatin g  stoves,
, on which the d u st deposit has a  v e r y  p rejud icia l effect. Its  

presence impedes th e tran sfer o f h e a t from  th e  bricks to  the 
gases, and vice versa, and a t  th e  sam e tim e, if a  v e ry  h o t b last 
is used, it acts as a  flux, m akin g th e  b rick s w aste  ra p id ly . C ow per 
stoves, as usually w orked, requ ire from  50 to  60 p er cen t, of th e 
whole of the furn ace gases a va ilab le , w hile if th ese gases are 
cleaned, the consum ption for th e  sam e b la s t tem p eratu re  will 
he about only 40 per cen t, o f th e  to ta l su p p ly. Since, how ever, 
the gas is cooled in th e  c lean in g  process, special burners m u st 
he provided to  insure its ignition. T h e  cost of c lean ing to  th e  
limit stated should n ot exceed  $0.00146 per r,ooo cub ic  feet. 
1'or engine-running th e  ga s should be  furth er purified, so a s  to  
bring its dust con ten t below , as a  m axim um , 0.03 gram  per 
cubic meter. T o  p u rify  th e  gas su fficien tly  for use in gas- 
engines involves an addition al o u tla y  over and a b o v e  th e cost 
of the prelim inary clean ing of $0.00124 Per 1,000 cub ic  feet.

Where coke-oven gas is a va ilab le, still further econom ies 
can be effected. T h e  b y-p rod ucts alone are  w orth  from  $0.20 
to J0.30 per ton  of coal coked. I f  th e ovens are fitted  w ith  re­
generators, abou t 50 per cent, of th e to ta l volu m e of th e  gas 
evolved is availab le  for use elsew here. T h is volu m e varies 
with the quality of th e coal from  250 cub ic  m eters up to  330 
cubic meters per to n  coked, and its calorific v a lu e  ran ges from
3.500 calorics up to 5,500 calories per cub ic  m eter. T h e  coke- 
ovens at H einitz, in th e basin  of th e S aar, consum e 700 tons 
<>f coal daily. W ith  th e  w aste  gases a  cen tral station  of 10,500 
horse-power is operated and p ow er is furnished to  th e surround- 
■ng district. T h e price realized a t  the sw itchboard is $0.01 per 
kilowatt-hour, and th e co st of gen eration , including cap ita l

charges, is~ below r’ $o.oo4. A  v ery  su itab le  use for coke-oven 
gas is in h e atin g^ rcverb eratory  furnaces and steel furnaces; 
blast-furnace gas is^ hardly su itab le  for such purposes, although 
it  is bein g tried  in G erm an y.

A B U S E S  IN W A T E R  F IL T R A T IO N

G. H . P ra tt, a t  the la st m eetin g  of th e  N ew  E n glan d  W a te r­
w orks A ssociation , said th a t  th e success of a  w a te r filtration  
p la n t depends, first, upon th e  selection  of th e m eth od of puri­
fication  best su ited to  local conditions; second, upon th e proper 
op eration  of th e w orks a fte r  in stallation. S low  sand filtration  
for a  w ater high in a lgae is n o t to  be  recom m ended, because of 
th e  undue clogg in g of th e  beds, b u t b y  th e  use of aeration  and 
prefilters conditions m a y  be  g re a tly  im proved. P la in  sand 
filtration  should n o t be depended upon to  tre a t  a  v e ry  h ighly 
colored w ater; and th e  rates of filtration  should n ot be changed 
q u ick ly, for such a  p ractice  ten d s to  disturb th e  b acteria l actio n  
a t  th e surface of th e bed. A  slow san d  filtration  p la n t w hich 
w ould handle a  given  w a te r sa tisfactorily  m ight, as w as th e  case 
a t  P roviden ce, R . I ., be installed w ith o u t coverin g  th e beds. 
In  th e case of rapid  sand filters supervision m u st be p a rticu larly  
close, and co n stan t chem ical con trol m u st be m aintained.

T H E  COST OF H Y P O C H L O R IT E  D ISIN FECTIO N

I T h e  follow ing d a ta  re la tin g  to  hyp och lorite  disinfection  is 
tak en  from  The Engineering Record, 67, N o. 1, 16:

Com m ercial b leach ing pow der p acked  in sealed  drum s holding 
700 to  800 pounds each, w ith  a  gu aran teed  stren gth  of 36 to  
38 per cen t, of ava ilab le  chlorine, m a y  be purchased in carload 
lots for abou t $0.0125 Per pound. A ssum in g a  d isin fectan t 
con tainin g 33 */3 per cen t, of a va ilab le  chlorine a t  a  co st of 
$0.02 per pound, th e trea tm en t of a  sew age w ith  0.1 p a rt per
100,000 a va ilab le  chlorine w ould require 25 pounds of disin­
fecta n t a t  a  cost for chem icals of $0.50 per m illion gallons. T o  
produce com plete  sterilization , th e  co st w ould  be w ell over $19.00 
per m illion gallons for sew ages and th e effluents from  co n ta ct 
and tr ick lin g  filters, and w ould v a ry  from  $1.50 to  over $19.00 
for effluents from  sand filters. T o  p roduce a  bacterial q u ality  
w hich w ould conform  to  th e  drinkin g w ater or 10 0 -10-5 stan d ­
ard, th e  co st w ould v a ry  from  $3.75 to  over $19.00 per million 
gallons for raw  sew age and effluents from  trick lin g  filters, from  
$7.50 to  over $19.00 per m illion gallons for settled  sew age, from  
$15.00 to  $19.00 per m illion gallons for stra in ed  sew age and co n ­
ta c t  filter effluents, w ould be over $19.00 for sep tic  sew age, 
and w ould v a ry  betw een $1.75 and $9.50 per m illion gallons for 
th e effluents from  sand filters w h ich  w ere n o t origin ally  of th a t  
qu ality . T o  p roduce a  bacterial q u ality  to  correspond to 
1000-100-50 standard , or one w hich would be a b o u t equal to 
th a t of th e  b etter class of stream s n o t seriously p olluted, the cost 
w ould be from  $1.75 to  $5.60 per m illion gallons for raw  sew age. 
T hese  co st estim ates are  for chem ical on ly, and do n ot include 
op eratin g  and sinkin g fund charges.

T H E  P A P E R  IN D U ST R Y  O F JA PA N

Paper  (Jan u ary 1 ,1 9 1 3 , p. 25) states th a t a fte r cotton-spinning, 
th e  m an ufactu re of paper is th e  m o st im p o rtan t in d u stry  of 

Japan.
A s  raw  m aterial, the so-called paper m u lberry  bush (K o d zu ), 

Broussonetia papyrifera (m itsum ata), serves. W hile  th e m an u ­
factu re  of dom estic paper is v e ry  old, th e  production  of “ E u ro ­
p e a n ”  paper w as first com m enced b y  the O ji paper m ill, w orkin g 
w ith  rice-straw ,, rags, and old paper.

A fte r  th e  Saigon  uprising in 1877, as a  resu lt of th e estab lish ­
m en t o f num erous p rin tin g  p lants, th e dem and for E uropean  
p ap er increased enorm ously. T h e  m an ufactu re  of dom estic 
p aper, m o stly  conducted w ith  hand ap p aratu s, is carried on 
prin cip ally  b y  th e rural p opulation  as a  secon dary occup ation ,
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during th e dull season. I t  gives occupation ' to  a b o u t 60,000 
fam ilies. E xperim ental stations in the m ost im portant dis­
tricts te s t and select the best raw  m aterials, also im ported fibrous 
m aterial. Guilds supply the cou ntry people w ith raw  m aterial 
and provide for the sale of the product.

Since the acquisition of the island of Saghalien, it  supplies 
the m anufacturers w ith woodpulp, which is cheaper th an  the 
dom estic vegetable fibers; in Shiraoi, too, on the island of H oku- 
shu, a  large woodpulp p lant has been set up. T h e m anufacture 
of European paper is conducted chiefly in the large cities, such 
as Tokio, O saka and K obe.

In 1909, there were 27 establishm ents engaged in the business, 
w ith 182 m achines and 6,486 em ployees, turning o u t 124,000 
tons of European paper. T h e M itsui Bussan K aid h a, the grea t­
est Japanese business house, has erected a t  T om okom ai 011 
H okushu a m ill th a t produces daily  65 tons of new sprint. T he 
product, for the m ost part, goes to India, A ustralia  and China. 
A ltogeth er the value of the product of the hand mills is placed 
a t  $8,964,400; of the mills equipped w ith m achines a t  $7,497,000. 
T h e exports have a  value of only $1,618,400 while the im ports 
am ount to $4,498,200. A ccording to this, Japan consumes, 
ann u ally, paper to  the value of $19,373,200. In the im ports, 
G erm any takes the lead, followed b y  A ustria  and England. 
The paper im ported from  the two first-nam ed countries consists 
principally  of im itations of Japanese paper.

T H E  G ER LA C H  D R IE R

In the G erlach drier, S ystem  A, the drying is done w ith hot air. 
T h e  cu t shows the design of a  tube-m ill drier, provided w ith 
partition s arranged as illustrated; these partitions are claim ed 
to effect the finest division and a continuous m ixing of the drying 
m aterial.

In  the G erlach drier, S ystem  B, the drying is done w ith  steam . 
F or handling viscous, adherent, sticky7 or gum m y m aterials, 
the apparatus consists of a pre-drier and a regular drier.

A R L E D T E R ’S S A V E -A L L  A PPA R A TU S

A  new apparatus which is said to  serve to  recover from the 
waste w aters of paper and cellulose mills and sim ilar establish­
m ents, th e  fibrous m atter, kaolin, and like m aterials, suspended 
in  them , has been devised b y  F ritz  A rledter, of H am burg, G er­
m any. A ccordin g to the description of this apparatus in 
Paper, January' 22, 1913, p. 19, the waste w ater is discharged 
in a  clarified condition availab le  for im m ediate reuse, all the 
fibers, c lay , etc., being recovered.

O ne form  of construction of the apparatus is shown in the 
accom p an ying illustration: a  is a pipe of wood or m etal of any 
desired section, in which a  sieve-tube (also a felt tube), b, is v e r­
tica lly  disposed, so th at betw een the tubes a and 6 a space is left. 
F or the entrance of the waste water, the side tu be c 1 serves, and 
for th e discharge of the fibrous substance, the side pipe c- 
B oth  pipes are connectcd b y  supporting spouts, d, with the pipe

a. U nder th e in let supports, 011 
the sieve-tube b, deflectin g dis­
tributors, s, are placed. T h e b o t­
tom s g are inclined tow ards the 
discharge spouts. B y  increasing 
to any desired exten t, the num ber 
of double pipes, the filter colum n 
can be b u ilt as high as desired.

T h e w orkin g m ethod of an a p ­
paratus of this ch aracter is as 
follows: If w aste w a ter bearing
fibrous substances, loadin g m atter, 
etc., is conducted th rough the con ­
du it c 1 into th e filter, th e  w aste  
w ater will fall through the sp out 
d into the space betw een  th e tw o 
pipes a and b, filling it  from  th e 
bottom  upw ard. T h e h yd ro sta tic  
pressure of the rising colum n of 
w ater forces the w'ater through 
the filter w all b, the fibers being 
deposited on th e sieve p ipe b and 
them selves form ing a  filter for 
the water. T h e  um brella or roof­
shaped ring s  serves to  ^[protect 
the fiber filter from  bein g w ashed 
down from  above. T h e  clarified 
w ater flows a w ay  from  inside th e 
sieve pipe, a t b, for further use.

T h e fiber filter grow s a u to m a tic­
a lly  from  the bo ttom  upw ards. 
T h e  w aste w ater uses ju s t as 
m uch filter surface as its filtration

dem ands an d  this, in the de­
velo p m en t of th e  tube, is always 
ava ilab le. B y  this means,- an 
au to m atic  regulation  of the filter 
process is created and uninterrup­
ted  w orkin g is obtained.

I f  th e  la y er of fibers exceed a, 
certa in  th ickn ess, retarding the 
passage of th e  fluid, the exces­
siv e ly  th ick  portion falls down of 
itse lf and its reconstruction com­
m ences anew'. On the other
hand, it  is an  easy  matter to
loosen th e fiber fe lt or blow it off, 

a perforated pipe, r, lead ing in to  th e  sieve pipe b, through the 
holes in which steam , w ater under pressure or compressed air 
can be forced to such an e x ten t, th a t  th e  fiber coating on the 
inside of the pipe can  eith er be loosened or forced completely off. 
T h e pipe r also serves for w ash in g o u t purposes. A  pipe for the 
su pply of steam  can  also open into the p ip e / , w hereby the fiber 
felt h form ing on th e sieve pipe b can  be loosened and kept per­
m eable for fluids; m oreover, the clean sin g of th e  pipe conduits 
can also be effected, a t  a n y  tim e, b y  th e adm ission of steam.

I lie displaced fibrous m ass drops to  th e  bo ttom  g and slips 
through the discharge spouts in to th e  d ischarge pipe c2, whence
the mass can be con du cted to  th e  hollander or stirring vat.
Dow nwards too, tow ards th e b o tto m  g, a  la y er of fibers is form ed 

which prevents the w aste W’a ter to  be filtered from  flowing right 
off through the pipe c 2. T h e  con cen trations can  be regulated by 
th rottlin g of valves. T h e  w aste  could also be subjected to re­
peated filtration.

A  reverse flow of th e  w aste w a te r to  th a t above d e s c r ib e d  

can also be provided for, as regard s th e  regu lation  of height as 
well as the flow from  one pipe into th e other. T h e separate pip0 
system s can also be disposed over one another, or in batten'
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form, alongside o f o n e  a n o th e r , a n d  s u it a b ly  c o n n e c te d  so  t h a t  a  

repeated filtra tio n  o f w a te r  a n d  fib ro u s liq u o r  w o u ld  b e  p o ssib le . 
To the side p ip e c o n d u c to rs  c 1 a n d  c2, p u m p s  c a n  b e  c o n n e c te d ; 

moreover, for th e  p u rp o se  o f c le a n s in g  th e  e n tire  p la n t  a n d  d e ­

taching th e  fiber fe lt , w a t e r  c a n  b e  a d m itte d  a t  v a r io u s  p o in ts .
A t certain points a lum  solutions can  be  adm itted , also e lec­

tricity for the purpose of loading th e  fibers, decom position  of 
chemicals, etc. T h e  ap p aratu s w orks u nin terru p ted ly  and 

automatically.

U SE S O F C A ST  SILICON

According to M elalltirgical and Chem ical Engineering, n ,  103, 
silicon is used in the form  of pipes for th e  con veyan ce  of acid 
gases at a high tem p eratu re  from  stills to  condensers, also in 
the construction of th e condensing b atteries them selves, provin g

2 5 7

m ore efficient th an  ston ew are ow in g to  its high th erm al co n d u c­
t iv ity  an d  a b ility  to  w ith stan d  sudden changes of tem p eratu re. 
S ilicon  pipes arc also used for th e tran sp o rtatio n  of h o t liquid  
su lfuric and n itric  acids, b u t it  can  n o t be used for hyd roch loric  
acid unless th e  discoloration  resultin g from  th e  sligh t so lu b ility  
is im m aterial. I t  is used as a lin ing in cen trifu ga l pum ps, acid 
v a lv es and pipes for th e e levation  o f corrosive liquids b y  com ­
pressed air, and for th e  con struction  of plow s in ore roasters it 
is said to  h a v e  proven efficient. C ast silicon is also being em ­
ployed in the form  of shallow  pans an d  pots for th e con cen tration  
of zinc chloride solutions, su p p lan tin g  th e enam eled ston ew are 
vessels w h ich  are rap id ly  destroyed. C ast silicon w are is said 
to be produced in p ra ctica lly  all shapes required b y  th e chem ical 
industries, such as, for exam ple, pipes, e va p o ratin g  vessels, 
receivers, tile , alem bics, crucibles, and pum p parts.

NOTES AND CORRESPONDENCE

NOTE ON T H E  IN F LU E N C E  O F T H E  LIM E -M A G N E SIA  R A T IO  
U PON P L A N T  G R O W T H

Editor of the Journal o f Industrial and Engineering, Chemistry:

Starting from  th e poisonous actio n  of potassium  o x a late  
upon the cellular nucleus and chlorop h yll bodies, furth er con ­
sidering that the in jurious actio n  of m agnesium  salts 011 p lan t 
cells can be prevented on ly  b y  calcium  sa lts ' and fin a lly  regard­
ing the fact that a  ccrtain  exccss of ca lciu m  sa lts  over m agnesium  
salts retards p lant grow th, I had inferred th at a  certain  ratio  
of these two bases m u st be m o st fav o ra b le  for plants.® M an y 
experiments b y  various auth ors (chiefly  observin g cereal and 
leguminous crops) h a v e  confirm ed this n atural conclusion. 
Where contradictory results w ere ob tained  it  could be easily  
shown that too grea t a  n um ber of p lants in the pots had p re­
vented their norm al developm ent, since the roots spreading 
along the walls of the pots w ere hindered in their norm al fun c­
tions. Indeed such b a rley  p lan ts had reached on ly  a  w eigh t 
of from 2 to 6 gram s. A  rev iew  of the w o rk  done in this direction 
will soon be published in E n glish , to w h ich  interested readers 
may refer. .

In the article b y  G ile  and A g e to n  ( T h i s  J o u r n a l ,  5 , 3 3 ) 
it has been pointed o u t th a t since citrus, p in eapple and su gar­
cane thrive w ell on soils w ith  v a ry in g  am ou n ts of lim e and poor 
in magnesia, the ratio  o f the tw o bases seems, to h a v e  no influence. 
These are bu t other exam p les of ap p aren t excep tion s in regard 
to the lime factor. Such excep tion s are the lim e-lovin g plants, 
c- g., the grapevine, as the w riter has pointed o u t re p e a ted ly .3 
These plants are cap able  of p recip itatin g  as o x a la te  the excess 
of lime carried into the p la n t b y  the tran spiration  process. 
Thus an unfavorable ratio  of lim e to m agn esia  in th e cells is 
avoided since the lim e in the form  of insoluble o x a late  can n ot 
further participate in th e physiological processes. N o w  it is 
well known th at the p ineapple p la n t and citrus show  a  large 
amount of calcium  o x a la te  crysta ls in th e cells. I t  is n ot y e t  
known whether cane grow n on soils rich  in lim e and poor in 
■nagnesia stores crystals  of ca lciu m  ox a late . A m o n g  the gram i- 
»eae plants this is on ly  occasion ally  observed, as w ith  m illet.

It has been stated  in the a rtic le  referred to th a t cane grow s 
well on soils con tain in g on ly  traces of m agnesia. In  this case 
inquiry should have been m ade as to  the m an ure applied, since 
tankage, cottonseed m eal and stab le  m an ure con tain  so m uch 
magnesia and lim e in an easily  a va ilab le  form  th at the plants 
thus manured need n ot depend on these bases in the soil, in fact,

1 Potassium suits c an  only re ta rd  it. Cf. Flora, 102, 110.
-“Bull. 45, B ureau  of P la n t  In d u s try ,  W ash ing ton , 1903, p. 43, and  

LanJv. Jahrb., 35 , 539.
3 Bull. 45, 68-70.

becom e alm ost independent of the lim e facto r in the soils, as 
I have pointed o u t long a go .1 W hen, how ever, fields are m anured 
exclu sively , as is often  done, w ith  inorganic m anure, and on ly  
w ith  regard to nitrogen, potash and phosphoric acid, then the 
ratio  o f lim e to m agn esia2 present in the soil will certa in ly  e xert 
an influence on developm ent.

T h e  yields of cane on different soils w ith  different ratios of 
lim e to m agnesia w ere com pared in the article  referred to  and 
the conclusion draw n th a t there exists no relation  betw een this 
ra tio  and the cane production. T h is conclusion was n ot ju s ti­
fied since no inform ation w as procured as to the m an urin g and 
th e am ount of tan kage applied , and the q u a n tity  of lim e and 
m agnesia thus supplied to the p lants in an  easily  ava ilab le  con di­
tion was n o t taken in to account. A lso , y ie ld s on different 
soils w ith  different ra tio s of lim e and m agn esia  and different 
m anure can n ot be com pared; on ly  those on  different p lots of 
one and the same soil in w hich different ratios h ave  been p ro­
duced arc com parable. Furth er, the opinion th a t on ly  com pounds 
contained in soil solutions are a va ilab le  to p lan ts— w hich is 
certain ly  erroneous— led to the erroneous conclusion th a t all 
p lants in the field w ere independent of the ra tio  of lim e to 
m agnesia. V oelcker in E n glan d, B ernardini in I ta ly , W arth iadi 
in M unich, as w ell as the w rite r and his co-w orkcrs, h ave  all 
experim ented w ith  various soils and observed the great influence 
of their various ratios of lim e to m agnesia  upon the developm ent 

of cereals and other p la n ts.3

I t  w as furth er asserted th at it  is ch iefly  the ratio  of lim e to 
oth er m ineral nutrients th a t com es in to p la y  and n o t th a t to 
m agnesia. T h e  literatu re on the su bject d isagrees w ith  this 
assertion .4 B u t in order th a t the lim e factor can fu lly  m ake 
its im pression upon the developm ent of plants, the am ount 
of easily  ava ilab le  phosphoric acid  is also v e ry  im p o rtan t, as 

I  h ave  rep eated ly  m en tioned.5

SUMMARY

I. C itrus and pineapple are lim e-lovin g p lants; an exccss of 
lim e absorbed b y  these plants can  be rendered innocuous b y  
the transform ation  of th a t excess into oxa late. T h u s a  p ro p erly  
w orkin g ratio  of lim e to m agnesia  is secured in the cells w hen 
the p lants grow  on soils too rich in lim e. H ence the view , th at

1 Bull. 45 , 70; Latulw. Jahrb.. 35, 532.
2 I t  is supposed th a t  the  availab ility  of b o th  these  bases is equal o r 

nearly  so.
3 These soils were in o u r case su re ly  n o t ‘'a lk a lin e ”  soils. C om pare 

a lso  th e  confirm ation  b y  Portheirn  and  S a iner in V ienna an d  of H a n ste en  
in C hristian ia.

* Landw . Jahrb.. 35 , 533 (1906); B ull. College Apr., Tokyo, 7 , 396; 
Flora, 102, 110.

s B ull. 1, 16, B ureau  of P la n t In d u s try , and  Landw . Jahrb ., 1902 , 569,
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the favorable  developm ent of these plants on soils very  rich in 
lim e and poor in m agnesia would be a proof against the influence 
of a certain  ratio  of lim e to m agnesia in soils upon other plants 
which do not produce oxalates, is not tenable.

II . Experim ents upon the influence on cane grow th of differ­
ent ratios of lime to m agnesia produced in one and the sam e soil, 
manured exclusively with mineral compounds, have thus far 
not y e t been made. H ence the opinion th at the grow th of cane 
is independent of th at ratio is not justified.

O s c a r  L o iiw
I I y g i r 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

AN IM PRO VED  M ETHOD OF CR U D E F IB E R  ESTIM ATION

Editor o f the Journal o f Industrial and Engineering Chemistry:

T his crude-fiber m ethod is an im provem ent on the M organ P . 
Sw een ey m odification of th e official m ethod, the im provem ent 
consisting in filtration through asbestos and sand in a  Gooch 
crucible, treatm en t w ith hydrochloric acid, washing w ithout 
transfer, and ignition in the Gooch crucible. T h e details are 
as follows:

T o a  i - or 2-gram  sam ple add 200 cc. of boiling 1.25 per cent, 
sulfuric acid, and boil for 30 m inutes..

N eutralize  w ith 10 per cent, sodium  hyd rate, using phenol- 
phthalein as an indicator; add 200 cc. of 2.656 per c e n t  boil­
ing sodium  hydrate; m ake volum e up to 425 cc. and boil for 
30 minutes.

F ilter through a  porcelain Gooch crucible containing an 
asbestos pad and 10-12 gram s (*/, inch) of very  fine acid-washed 
sand, com pacted b y  w ater and suction. T re a t w ith hydrochloric 
acid ; wash w ith  ho t w ater until free from chlorides, and then  w ith  
alcohol and ether; dry, weigh, ignite and weigh.

Sand satisfactory for this purpose has been purchased from  
the B erkshire Glass Sand Co., of Cheshire, Mass. Coarse sand 
w as found n ot to  be useful, the reason being th a t it  allows the 
fiber to  pass through and then to  clog th e  asbestos pad.

T h e  im proved m ethod usually gives higher figures than the 
official m ethod. In  general the results check, one w ith  another, 
m ore satisfactorily, and the m ethod is very  m uch easier to  use.

T h e  u nsatisfactory character of th e official m ethod is too 
well know n to  require com m ent. T his new  procedure elim inates 
all transfer of the sam ple and also the unstandardized cloth 
strainer, for which it  substitutes a filter which is thoroughly 
efficient, and which a t  th e sam e tim e allows of very  rapid filtra­
tion of solutions such as those from  linseed and cottonsccd 
m eals which are v ery  difficult of filtration b y  a n y  other m ethod. 
T h e use of hydrochloric acid facilitates the final washing.

A  m icroscopical exam ination of the crude fiber and 
the filtrates from  th e official and from  our modified methods 
showed th a t the higher results obtained b y  the la tter were due to 
undissolved w oody and chitinous particles which passed through 
the linen b u t which were retained b y  the sand and asbestos. In  
the products exam ined there was no evidence of contam ination 
o f th e crude fiber as determ ined b y  the im proved m ethod by 
gum m y or protein substances.

O bjection  to the Sw eeney m ethod has been raised on account 
of difficu lty w ith  the colored extracts of some feeds in deter­
m ining th e neutral point. T his objection is not insuperable 
in  a n y  case and in using this m ethod w ith  a  w ide range and 
considerable num ber of products we found th a t it  was in rare 
instances on ly th a t th e color of the e x tra ct interfered w ith  the 
use of the indicator.

T h e slow  filtration b y  the Sw eeney m ethod is entirely over­
com e in our m odification.

O bjection has also been raised to  the Sw eeney m ethod on 
accou nt of possible interference of the fa t  w ith  the solution of

th e acid- and alkali-soluble con stituen ts. T his possibility, 
how ever, has n ot been proved to a ffect results appreciably.

W h a tever th e m ethod under consideration, w e are unable to 
ju d ge of its accu racy  b y  com parison w ith  th e  official method 
because of th e lack  of definiteness as to the character of the 
cloth strainer and because of the in com plete retention ol 
the crude fiber of som e products b y  such a filter.

Below  are a few  figures b y  th is m ethod, and th e official method. 
T he sam ple in each case w< 
weights in gram s of crude libei

Official Modified 
m ethod  m ethod  
0 .0544 0 .0568

Cowpeas  < 0 .0560  0 .0564
(  0 .0570  0 .0554
( 0 .0922 0 .1110

Linseed oil meal < 0 .0908 0 .1118
V 0 .0910  0 .1112
Z'0.0228 0 .0272

Corn m eal  < 0 .0212 0 .0280
(0 .0 2 3 8  0 .0272

„  . ( 0 .0470  0 .0482
S° ybCUnS  1 0 .0472  0 .0484
D istiller’s u ra in  ( 0 .1232 0 .1239

(corn)  ( 0 .1228  0 .1240

E. B . F o r b e s  a n d  J .  E . M en sc ih .n g
O h i o  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n  

W o o s t e r , Dec. 27, 1912

AM ER ICA N  M IN E S A F E T Y  ASSOCIATION

A s the resu lt of a  conferencc w hich w as held under the aus­
pices of the U nited S tates  B u reau  of M ines la st September, be­
tw een men who are interested in th e  sa v in g  of th e  lives of miners, 
there has been form ed a  so ciety  kn ow n  as the Am erican Mine 
S a fety  A ssociation, w ith  h eadqu arters a t  40th and Butler Streets, 
P ittsburgh, Pa. T h is association, w hich is now  enrolling among 
its m em bers th e leading coal and m etal m ine operators, mining 
engineers, and m ine sa fety  engineers of th e country, has for its 
purpose th e conservation  of the life and h ealth  of the miner and 
a reduction in p ro p erty  loss due to  explosions or fires in mines. 
I t  w ill a tte m p t to  p lace before the m iners standard methods to 
be used in rcscue w ork and in first aid to  th e injured.

T h e  w ork of th e B ureau  of M ines in redu cing the number of 
deaths in the m ines has led to  th e  adop tion  of m any different 
typ es of rescue apparatus, such as th e  o x y g e n  helmets which 
the rescuers w ear in a  gas-filled m ine, and also to  the use of many 
different m ethods of resuscitation  and first a id  to  the injured. 
Hundreds of m ines w ithin  th e la st th ree or four years have been 
equipped w ith  rescue ap p aratu s, rcscue corps, and first-aid 
corps. M any of these m en w ho arc called  upon in emergencies 

have developed their ow n w a ys of doing th ings and it is the 
opinion of th e organizers of th is association  th a t the most ef­
ficient m ethods and ap p aratu s should be found through actual 
use and recom m ended to  the m ining in d u stry  as a general 
standard.

H. M. W ilson, the engineer in charge  of th e Experim ent Sta­
tion of the B ureau of M ines a t  P ittsb u rgh , has been selected as 
chairm an of th e e xecu tiv e  com m ittee  of th e A ssociation and has 
been instructed to  carry  on th e w o rk  of organization.

T here were 2,719 persons k illed  in th e  coal mines of the 
United States during th e y e a r  1 9 1 1 ,  and there w e r e  9 , 1 0 6  seri­
ously and 22,228 sligh tly  injured. N e a rly  an  equal number of 
men were injured in m eta l m ines and quarries.

In  the hope of reducing th e  num ber of these accidents and of 
shortening the period of d isab ility  of th e injured, it  was felt 
th a t there should be grea ter uniform ity' in m ethods of conduct­
ing rescue operations in m ines a fte r  explosions, fires, or other 
disasters, and of g iv in g  first aid  to  th e injured.

eighed 1 gram , 
r.

T h e figures arc

Official Modified
m ethod method

O ats, g ra in .......... f 0.1215 0.1217
( 0.1212 0.1215

W h e a t b ra n ......... i 0.0837 0.0856
( 0.0830 0.086S

W h ea t, g ra in ___ j 0.0324 0.0332
I 0.0331 0.0332

P a te n t flo u r........ f 0.0010 0.0025
( 0.0012 0.0025

G lu ten  feed ......... j  0.0892 0.0886
( 0.0891 0.0881

C ottonsccd  m eal. \ 0.0705 0.0710
( 0.0703 0.0720
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The Director of th e  U n ited  S ta tes  B ureau  of M ines therefore 
called in Pittsburgh, Sep tem ber, 23, 1912, a  N a tio n a l M ine R e s­
cue and First A id  Conference. A b o u t half a  hundred m en con ­
cerned in safety in m ines a tten ded. T h e re  w ere n e a rly  an  equal 
number of mine operators, m in e surgeons and m in e sa fety  in ­
spectors and rescue m en; th e y  represented geo g ra p h ically  all 
of the principal m ining region s from  P e n n sy lva n ia  to  Colorado, 
and from A labam a to  M ichigan. T h e y  voted  to  form  a p er­
manent organization and to  hold th e first annual m eetin g in th e 

fall of 1913.

TH E A N A LYSIS O F O RG AN IC D Y E S T U F F S

Editor of the Journal o f  Industrial and Engineering Chemistry: 

Sub-Commission X I  of th e  In tern a tio n a l Com m ission of 
Analyses, appointed to  s tu d y  th e question of th e  a n alysis of 
Organic Coloring M atters, has exam in ed  th e p ossib ility  of u n i­
fying the an alytical m ethods a t  p resen t em ployed, and w h eth er 
such unification w ould be of p ra ctica l use. R ep orts h ave  been 
received from various countries, and th e  C om m ittee reporter 
has arrived a t  the conclusion th a t  th e u nification  of th e  m ethods 
employed in the analysis of organ ic  colorin g m a tters is n ot 
possible a t the presen t s ta te  of th e  in du stry, and w ould  n o t be 
of any practical use.

However, an in tern ation al agreem en t m ig h t be ad van tageou s 
in certain cases, such as th a t  of th ose organic d yestu ffs w hich 
arc taken as standard in th e le v y in g  of custom  duties. Such 
an agreement would p ro tect bo th  e xp o rter and im porter and 
prevent disputes. I t  m ig h t also be of use in  the d y e  in d u stry  
111 the case of certain  dyestuffs. So th a t  if th e  u nification  of 
the methods of analysis of all organ ic  dyestuffs is n o t feasible, 
at least useful w ork m ig h t be done as regards certa in  special 
cases.

The International Com m ission of A n alyses, presided over b y  
Professor Lindet, a fte r ta k in g  cogn izance of th e reports on th is 
subject presented a t  the E ig h th  In tern atio n al Congress of A p ­
plied Chemistry held a t  N ew  Y o rk  in S ep tem ber, 1912, adopted 
the following resolution: “ T h a t  Sub-Com m ission N o. X I ,  in
pursuance of its work, shall in vestiga te  special cases, in w hich 
the unification of the m ethods of a n alysis of organic d yestuffs 
offers some interest from  the in tern ation al sta n d p o in t.”

I therefore beg y o u , Mr. E d ito r, to request, th rough th e  m edium  
of your esteemed paper, all th e heads of official a n a ly tica l la b ­
oratories, and factory  laboratories, as w ell as all those w ho are 
interested in this branch of chem istry, to  h ave  th e kindness to  
direct the attention  of our Sub-C om m ission (or th e P resid en t or 
one of the members) to  a n y  case in w hich th e y  consider th a t an 
international agreem ent w ould be desirable in th e  direction  th a t 
we have indicated above. T h e  m em bers of th e  Sub-Com m ission 
for the United S tates are: Dr. B . H esse, N ew  Y o r k ;  Prof. Dr.
S. P. Mulliken, B oston ; and L . A . O ln cy, L ow ell, Mass.

F r e d e r i c  RivVERdix, President
G e n e v a , S w i t z e r l a n d

P L A T IN U M  T H IE F

Fellow Chemists: In  T h is  J o u r n a l , 5, 82, I published a
brief account of the rccen t th eft of p la tin u m  from  the laboratory  
of this Company and others, the cap tu re  of the m an believed to 
be the thief, and the statu s of the prosecution.

In the recent co u n ty  cou rt session a t E aston , P a ., Leon  Cohn, 
defendant, was found g u ilty  of stealin g  p latin um  from  this 
Company. He received a  sentence of tw o years im prisonm ent 
and a fine. T h e evidence ad m itted  in the trial w as restricted 
to that attaching d irectly  to the circum stances a tten d in g his 
Vlsits to this laboratory, and his arrest a t S parrow s P o in t, Md.

After the ju ry ’s verd ict, Cohn adm itted  to the co u rt th at he 
had stolen platinum , and declared th a t he w ould steal it again 

he had the op portun ity. I  m ake this statem en t as a  w arning, 
and suggest, w ith em phasis, that those who h a v e  sim ilar cases
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again st him  should not forget to s ta rt their prosecutions in  p roper 
tim e. N ow  th a t one con viction  has been secured, subsequent 
cases should be re la tiv e ly  easy.

B efore  this case cam e to trial, one dealer in N ew  Y o r k  C ity  
w as found w ho had bo u gh t p a rt of Cohn’s stolen p latin um , and 
another w ho had, a t  least, sent him  m oney. N eith er of these 
parties w ould app ear as a  w itness a t  the trial. In c id e n ta lly  it 
m a y  be rem arked th a t there is little  hope o f a n y  p latin um  
stolen  b y  Cohn e ve r being recovered. M ost o f us, doubtless, 
have  entertained a  false sense of secu rity  in the possession of 
p latin um  entrusted to our care, in the belief th a t it  w ould be 
exceed in g ly  difficu lt for a  thief to dispose of it. Y e a rs  ago 
there p ro bably  w as m ore reason for this belief. B ein g  in  pos­
session of the evidence secured in the course of this in vestigation , 
I am  convinced th at the disposal of p la tin u m  a t the present 
tim e is a  com p a ra tively  e asy  m atter. T h e w ide-spread and 
increased use of p latin um  in the den tal and jew elry  trades is 
substance for reflection in this regard.

I t  w ould seem  unnecessary to rem ark th a t in the futu re there 
should be no recurrence of such a  long series of p latin um  thefts 
b y  a  single m an, as h ave  been perpetrated b y  Leon Cohn. A  
quiet w arning, w hich w as so e ffectiv e ly  issued in  the present 
case through the S ecretary ’s office of the A m erican  Chem ical 
S ociety , should result unfailin gly  in the apprehension of the 
crim inal, or cause a  cessation of his activ ities.

In  conclusion, I  w ish to th an k the m a n y  chem ists w ho have 
endeavored to cooperate in the prosecution of the case ju s t 
com pleted.

I h a v e  a considerable m ass of correspondence re la tin g  to the 
m atter, and a n y  p a rt of it w ill g la d ly  be loaned if it  m a y  prove 
of valu e in  the future.

M em bers of the S ta te  con stab ulary, w ho assisted in our case, 
will be glad to cooperate w ith  officers a t  other poin ts w h ere it  is 
desired to in stitu te  prosecutions. A n y  com m unications, w hich 
m a y  p roperly  be referred to them , w ill be forw arded as received.

R . J. W y s o r ,  C h ie f Chemist

B e t h l e h e m  S t e e l  C o m p a n y  

S o u t h  B e t h l e h e m , P a .

M AGN ESITE IN L O W E R  C A L IF O R N IA

Consul Lucien  N . S u llivan , L a  P a z, M exico, reports the 
presence o f beds of high-grade m agnesite in the region  of M agda­
lena B ay . A n alysis  shows this p rodu ct to con tain  92 per cent, 
pure m agnesium  carbonate. T h e  largest bed has an area of 
som e 30 acres and is located  on M argarita  Island. D enounce­
m ents have been m ade on 13 deposits, coverin g a  to ta l area 
of 250 acres. There arc 50 acres 011 Cedros Island.

Com pania de D esarrollo y  E x p lo ta cio n  de la  B a ja  California, 
w ith  m ain offices a t  San  D iego, Cal., w ill in stall one calcin ing 
p lan t on Cedros Island and anoth er on M argarita  Island, each 
to h ave  a  cap a city  of 200 tons per d a y . E x p e rts  w ho h ave  
exam in ed the properties, taken  m easurem ents b y  sin k in g  
num erous test holes, and estim ated  the con tents of the beds, 
rep ort th a t there are m ore than a m illion tons in sight. T h e 
m aterial is so hard th at it m ust be blasted  before it can  be  re ­

m oved.
T h e U . S. G eological S u rv e y  states th a t the on ly  deposits of 

m agnesite in the U n ited  S tates w h ich  h ave  been com m ercia lly  
utilized arc those situated  in the v a lle y  and coast counties of 
California. T h e  to ta l production  reported in 1911 w as 9,375 
tons of crude m agnesite, valued a t $75,000, estim atin g  the a v e r­
age valu e of the ore a t §8 a  ton. T his is som ew h at higher than 
th e price fixed for the crude ore in  1910 (when the 12,443 short 
tons of crude m agnesite produced w ere valu ed  a t  $74,658), 
b u t is thought to be the present valu e of this p ro d u ct as m ined 
and laid down a t  the p oin t of shipm ent. M ost o f th e m agnesite 
produced in California is calcined a t the mine, th ereb y  reducing
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its w eigh t approxim ately one-half and correspondingly increasing 
the value of the product as shipped.

T h e principal m arkets of the Eastern  S tates and the Missis­
sippi V a lle y  are supplied b y  im portation. Im ported m agnesite 
is quoted a t $10. to $ i1  per long ton for the raw  and $30 to $35 
for the calcined and powdered product a t  N ew  Y o rk . Im ports 
for the y e a r  1911 am ounted to 122,075 short tons of calcined 
and 12,974 short tons of crude m agnesite, not including the re­
fined m agnesia salts used for m edicinal and other purposes.

Crude m agnesite is used for the m anufacture of carbon dioxide 
gas. M agnesium  chloride is an excellent bleaching agent. 
T h e  ligh t carbonate of m agnesia (alba levis) is used for m edicinal 
and toilet purposes. T h e sulfate, known as E psom  salts, is 
m ain ly  used in w arp sizing or w eighting in cotton m ills, and 
lesser quantities are used for m edicinal purposes. T h e hydrate 
is used in  sugar m anufacture.

Calcined m agnesia, generally in the form  of brick, is now 
universally recognized as the best m aterial for lining basic 
open-hearth furnaces, copper-sm elting furnaces, cem ent kilns, 
etc . I t  m a y  be em ployed to advan tage wherever high tem pera­
tures and chem ical reactions are usually detrim ental to dolom ite- 
chrom ite, and silica brick. I t  is also used in the m anufacture 
of boiler and steam -pipe covering, stoppers, sleeves, hot-m etal 
ladles, tuyères, and nozzles.

Sintered m agnesite tubing of assorted sizes is regularly  m ade 
for chem ical and electrom etallurgical w ork; m agnesite cruci­
bles are m ade of various forms and different degrees of fineness. 
A  coatin g  of crushed m agnesite is som etim es laid 011 hearths for 
heatin g steel stock for rolling to prevent the scale form ed from  
atta ck in g  the fire-brick of the hearth.

A s a building m aterial calcined m agnesite is m ost largely  used 
for con structive  fire-proof flooring and tiling, b u t it is also m ade 
into artificial stone and m arble, hollow tile, drain-pipe, partitions, 
staircases, w ainscoting, tanks, trays, wash-tubs, ornam ental 
m oldings, building blocks, cem ent, doorways, window casings, 
etc . E xperim ents are under -way in California for m aking 
a  p rotective  p a in t for both wood and m etal w ork to prevent 
corrosion o r fire. I t  has late ly  come into quite extensive use 
as a  flooring in steel railroad cars, being m ixed w ith  other su b­
stances to *nake it  p lastic so it m a y  be laid in one continuous 
piece w ithout seams. T he fine w aste of the crude ore m ined is 
now  being utilized in the California chicken ranches as a  substi­
tu te  for oyster-shells and other substances fed to fowls for harden­
ing the egg-shells.

D E F E C T IV E  A R T IF IC IA L  S IL K

T h e annual report ju st issued b y  the Germ an Im perial T estin g 
D epartm ent states th at quite a  num ber of samples of defective 
artificial silk  w ere received during the past year for exam ination. 
T h e faults in the m aterial took the form  of chalky-looking places 
w hich w ere w ithout luster and v ery  tender. In  all cases the 
goods had been produced b y  the guncotton process. T h e de­
fects were traced to the presence of free sulfuric acid, due to 
the decom position during storage of cellulose sulfate compounds 
form ed in the process of m anufacture. A  num ber of apparently 
pure silk goods were also tested in the laboratories for artificial

silk, and in several instances this w as found to be present in a 
large proportion. T h e m ix tu re  is stated  to h ave been very 
difficult to distinguish from  pure silk  b y  m ere visual examina­
tion even b y  experts, the adulteration  h a vin g  been m ade during 
the throw ing operation b y  doubling fibers of artificial silk along 
w ith  those of the n atural silk, and the pieces w oven  from the 
yarn  so produced.

IN C R E ASED  W O R L D ’S CONSUM PTION OF NITRATE

T h e half-yearly  report of W . M ontgom ery &  Co. gives the 
increase in the w orld’s production  and consum ption  from year to
y e a r  sin ce  1902.

Production  Consum ption 
Y e a r  Tons Tons

190 2 ......................................  1 ,3 5 1 ,0 0 0  1 ,2 5 9 ,0 0 0
190 3 ......................................  1 ,4 6 2 ,0 0 0  1 ,4 1 2 ,0 0 0
190 4 ...................................... 1 ,5 3 5 ,0 0 0  1 ,4 4 7 ,0 0 0
1095......................................  1 ,7 2 8 ,0 0 0  1 ,5 4 7 ,0 0 0
190 6 ......................................  1 ,7 9 5 ,0 0 0  1 ,6 3 6 ,0 0 0
190 7 ...................................... 1 ,8 1 8 ,0 0 0  1 ,6 5 8 ,0 0 0
190 8 ...................................... 1 ,9 4 0 ,0 0 0  1 ,7 3 2 ,0 0 0
190 9 ..........................................  2 ,0 7 7 ,0 0 0  1 ,9 3 8 ,0 0 0
191 0 ..........................................  2 ,4 2 7 ,0 0 0  2 ,2 4 1 ,0 0 0
191  1..........................................  2 .4 S 2 .0 0 0  2 ,3 5 5 ,0 0 0
191 2 ..........................................  2 ,5 4 0 ,0 0 0  2 ,5 0 4 ,0 0 0

T o ta l.............................  2 1 ,1 5 5 ,0 0 0  19 ,729,000

Production  and consum ption h ave  been running a  close race 
a t times, especially during the p ast four years, and it is quite 
possible th at the com ing season w ill feci the effect of a  limited 
supply. A t  present i t  seem s th a t there is v ery  little  margin for 
expansion in consum ption e ith er in E urope or Am erica.

Im ports of n itrate  of soda in to the U n ited  S tates in the fiscal 
y e a r  1912 am ounted to 481,786 tons, valu ed  a t  $15,427,904, as 
against 546,394 tons in i 9 r i ,  valued a t $ 17,10 1,155 .

T H E  E F F E C T  OF E X P O S U R E  ON B IT U M E N S— A  CORRECTION

Editor o f the Journal o f Industrial and Engineering Chemistry: 

M y atten tion  has been called to  th e  fa c t th a t  th e article on 
" T h e  E ffect of E xp osu re  on B itu m e n s”  appearin g in T his 

J o u r n a l  5, 15, has been credited  to  th e In stitu te  of Industrial 
Research, while th e w ork described in  th is p ap er was done in 
th e  laboratory of the U. S. Office o f P u b lic  Roads. Kindly 
note this correction in the colum ns of y o u r  Journal.

P r £ v o s t  H u bb a rd

TH E D ETER M IN A TIO N  O F “ V O L A T IL E ”  IN C O A L— A COR­
R E C TIO N .

In m y article under the a b ove  title , T h i s  J o u r n a l ,  5, i 69> 
th e first ash determ ination  should be 5.40  per cent, instead of 
4.40 per cent.

F r e d  C . W eld

T H E  D ETER M IN ATIO N  O F L IM E  IN C O W  F E C E S — A COR­
R E C TIO N

In T h is  J o u r n a l , 5, 37, second co lu m n , foot-n ote 2 should 
read Fresenius’s “ Q u an t. A n a l.,"  V ol. I I ,  p. 808.

R . A d a m s  D u t c h e r

BOOK REVIEWS
Transactions of the Am erican Ceram ic Society. Volum e X IV .

H . F. S t a l e y ,  E ditor, Colum bus, Ohio.

T h is w ell-appearing volum e of 888 pages represents the work 

of the A m erican  Ceram ic Society  for the y e a r 1912 and illustrates 

th e im p ortan t field being covered b y  this active organization.

The o b ject of the so ciety  is th e  stu d y  o f th e raw  materials and 
products of th e silicate  industries, com prisin g th e  entire field of 
clay> glass and cem en t techn ology. P ra c tic a lly  a ll of the im­
p ortan t w ork being done in th is field in th e  U n ited  States ap' 
pears in these transactions w hich are indeed a  credit to the mod­
ern spirit pervadin g our A m erican  industries. A m on g the papers
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we find reports of w o rk  done upon a  g re a t v a rie ty  of su bjects. 
The titles of th e  con tribution s are as follow s:

“Influence of S ilica  an d  A lu m in a  on  P o rcela in  G lazes,”  by  R . T . S tu ll.
“The P lastic ity  of C lay ,1' b y  F . F . G ro u t an d  F . Poppe.
"Results of T ests  on som e B ricks from  th e  P rov inces of W este rn  

Canada,” by  H . Ries.
“Some D a ta  on  th e  D efo rm atio n  P o in ts  of F e ld sp ar M ix tu res,”  b y  A. S. 

Watts.
“A S tudy of G laze C om position  on  th e  B asis  of ‘N orm s’,”  b y  R . C. 

Purdy.
“Downdraft K iln  B o tto m s ,”  b y  T . W . G arve.
“Colors P roduced b y  N ickel O xide in  C eram ic M ix tures C ontain ing  

Zinc Oxide,” by  F . K . Pence.
“ Drying D efects in  som e C retaceous Clays of th e  G rea t P la in s  R egion 

of Canada,” by  Jos. Keele.
“The Influence of C om position of th e  S ta in  in th e  P ro d u ctio n  o f R ed 

from Chrome-Tin P in k  S ta in s ,”  b y  R . C. P u rd y .
“A Comparison of th e  R a t t le r  T e s t and  th e  S a n d  B la s t T e s t fo r P av ing  

Bricks,” by E dw ard  O rton , J r .
‘‘A Therm al S tudy  of B oric A cid-Silica M ix tu res,” b y  A. V. B lein inger 

and P. Teetor.
“The B ehavior of G ran u la r L im estone  in  B urned  C lay,”  b y  C. F . B inns 

and M. A. Coats.
“The P roduction  of B lack  S po ts  up o n  T e rra  C o tta  G lazes,”  b y  C. W . 

Parmelee and R . Heidingsfeld.
“A Glaze Im ita tio n  of G ran ite ,”  by  R . H eidingsfeld.
“The R elation  betw een  M anufac tu re  and  P ro p ertie s  of R efrac to ry  

Clay W ares,” by  W . S to u t.
“Production of V itrified  B lack  an d  C hocolate  F lo o r T ile ,” by  R . C. 

Purdy.
“ High V oltage In su la to rs  an d  H ig h  P o te n tia l T es tin g ,” b y  E . T. 

Montgomery.
"The Effect of T em p e ra tu re  on  th e  D ie lectric  S tren g th  of P orce la ins,” 

by G. W eimer and  C. T . D un.
“The R elation  betw een  th e  C rushing S tren g th  and  th e  P o ro sity  of 

Clay Products,”  by  G. H . B row n.
"Studies of F lin t Clays an d  th e ir  A ssocia tes,”  b y  S. L . G alpin.
"Exam ples showing th e  U sefulness of th e  R a tio n a l A nalysis o f Clays 

as a Means of C ontrolling G laze F i t ,”  b y  R . C. P u rd y .
"Note on th e  Fuel C onsum ption  of S om eW hitew are  K iln s ,”  b y  T . G ray .
“ Note on Load T ests  M ade on  M agnesite, Chrom e a n d  S ilica  B rick ,” 

by G. H. Brown.
“ Note on the  Specific H e a t of C lay ,” b y  J .  M. K n o te .
"Bodies for In v e rte d  M antle  R in g s,” by  R . L . Clare.
“Light Green C hrom ium  S ta in s ,”  b y  A . R . H eubach .
“ Kaolin M ining in  th e  S o u th  A p p a lach ian  M oun tain s,”  b y  A. S. W a tts .
“An A pparatus fo r th e  D e term in a tio n  of th e  E x p an sio n  Coefficient 

of Solid Bodies,”  by  P . A . Boeck.
“Recent D evelopm ents in  th e  R efrac to rie s  In d u s try ,”  b y  F . T . H a v ard .
“A Comparison of T en  W h ite  E nam els  fo r  S h ee t S tee l,”  b y  R . D. 

Landrum.
"The Cause an d  C ontro l of C razing in  E n am els  on  C ast I ro n ,”  by  

H. F. Staley.
"The Testing of P a p e r  C lays,”  b y  C. S. Gw inn.
"Investigations on  th e  D ielectric  S tren g th  of Som e P o rce la in s ,” b y

B. S. Radcliffe.
"The W orking of Som e M o n tan a  C lays,”  b y  R . R . H ice.
“Notes and D a ta  on  O p era tio n  of th e  D en n y -R en to n  D ouble D eck 

Tunnel Drier,”  by  S. C. K arzen .
“The Power C onsum ption  of B rick  M ach inery ,”  by  R . R . H ice.
“ Design of an  E conom ic F u rn ace  fo r T u n n e l D ry in g ,”  b y  S. C. K arzen .
“A Note on th e  A cciden ta l P in k  D isco lo ration  of a  W h ite  E n am el for 

Terra C otta,” b y  D. F . A lbery .
“Some C hem ical R eac tions  of In te re s t  to  th e  P la te  G lass C hem ist,” 

hy P. Gelstharp.
“Behavior of a n  A cid G lass in  a  Y ank F u rn ac e ,” b y  J .  M. K n o te .
“Solubility of Som e S a lts  in G lass,”  b y  F . G elstharp .
“Matte G lazes,” b y  R . C. P u rd y .
“A Theory fo r th e  Cause of M atteness  in  G lazes,”  by  F . K . Pence.
“Microscopic E x am in a tio n  of Tw elve M a tte  G lazes,”  b y  H . F . S ta ley .
“The D ehydration  of C lay ,”  b y  G. H . B row n an d  E . T . M ontgom ery.
“Philippine P o t te ry ,” by  C. H . Crowe.
“The Chemical R61e of B o ro n  in  G lazes,”  b y  R . C. P u rd y .
“The R eplacem ent o f T in  O x id e  b y  A n tim o n y  O xide in E n am els  fo r 

Cast Iron,” by  R . E . B row n.
“The Necessity of C obalt O xide in  G round-C oat E n am els  fo r S heet 

Steel," by R. D. L andrum .
Cobalt Colors O th e r  th a n  B lu e ,” by  R . T . S tu ll and  G. H . B aldw in.

‘Notes on th e  P erfo rm ance o f a  P ro d u ce r G as-F ired  C ontinuous K iln ,” 
V W. D. R ichardson.

^Note on th e  D issociation  o f C alcium  H y d ra te ,”  b y  R . K . H ursh .
 ̂Oil as a  Fuel in B u rn in g  C eram ic W ares ,”  by  J .  K . Moore.

° n S t a t i o n  betw een  P re h e a tin g  T e m p era tu re  a n d  V olum e 
Shrinkage," by  R . K . H ursh .

“The N om enclature o f C lays.”  b y  C. F . B inns.

“ O bservations on  th e  E ffect of P ressu re  on  th e  V itrification  of C lay ,” 
b y  L. P a rke r.

“ T he  E ffect of A cids and  A lkalies upo n  C lay in  th e  P la s tic  S ta te ,”  by
A. V . B lein inger and  C. E . F u lto n .

“ N ote  on T e rra  C o tta  G lazes,”  b y  C. W . P arm elee  an d  R . H eidingsfeld.
“ T he  M elting P o in ts  of P y ro m etric  Cones u n d e r V arious C onditions,” 

b y  S. G eijsbeek.

T h e prin tin g of th e  te x t  is e xce llen t and th e  illustration s, 
in cludin g th ree  color p lates, are  v e ry  satisfactory. F rom  th e 
se cre ta ry ’s rep ort i t  appears th a t th e so ciety  is in a  flourishing 
condition  w hich, a fte r all, is th e  m o st v alu ab le  criterion  of the 
a c t iv ity  of an organization. A . V . B l e i n i n g e r

Preparation and Uses o f  W hite Z in c P ain ts. B y  P .  F l e u r y .
T ran slated  b y  D o n a l d  G r a n t .  S co tt, G reenw ood &  Son,
London. D. V an  N ostrand C om p an y, N ew  Y o rk . P rice,
$2.50.

T h e  auth or, Mr. F leu ry , is a  F ren ch  m aster painter, w ith  a 
fondness for scientific stu d y  b u t w ith o u t tech n ica l train ing. 
H e fran k ly  states  th a t  his predilections arc  for lead p aints ra th er 
th an  zin c bu t, as the Fren ch G overnm en t has ordered th e  use 
of w h ite  lead to  be discontinued a fte r Ju ly  20, 1914, he has 
experim ented to  determ ine th e b e st w a y  of using zin c oxide, and 
th is book g ives th e results.

T h e  p ractica l p a rt of th e  bo ok is th e best, his form ulas for 
p a in t and directions for its ap p lication  bein g good. H e calls 
particu lar atten tion  to  th e necessity, of v a ry in g  th e  proportions 
of oil and tu rp en tin e to  p igm en t an d  to  each  other, to  su it th e 
differen t pigm ents and classes of su rface to  be  painted . H is 
theories, how ever, are frequ en tly  questionable. H e sp eaks 
of differen t grades of zin c oxid e  as v a ry in g  in fineness, w eigh t 
and du rability . T his is n o t correct, th e v aria tio n  in th e  g r a v ity  
of com m ercially  p u re zinc oxid e  is less th an  th e  probable error 
in  th e  determ ination. T h e  final size of grain  is th e  sam e in all 
cases, b u t th e grain  seen is a lw ays an  aggregation . T h ese  
aggregation s v a ry  considerably in size and com pactness, w hich 
con veys th e im pression of differences in size and g ra v ity . In  
sp eaking of th e oxides com m ercially  free from  lead, he states 
th a t th e low er grades are m ore durable. T h is again  is a  m is­
tak e , th e grad in g is sim p ly  b y  color, e x c e p t in th e case o f W h ite  
S eal, and all are  eq u ally  durable. W ith  leaded zincs th e case 
is different; th ey  are graded both  b y  color and lead con tent, 
w hich varies from  3 per cent, to  40 per cen t, lead su lfate. 
R egard in g  th e re la tive  values of these as p ro tective  coatin gs, w e 
h ave  n ot m uch inform ation, b u t w h a t th ere  is in d icates th a t  th e 
presence of lead su lfate  is n o t injurious. W h ere  th e  p a in t is 
used for decoration  th e lead  salts are a ll undesirable, a lthough 
th e  su lfate  is less so th an  th e  carb on ate  or h yd roxid e.

T h e  chap ter on the m an ufactu re of zinc oxid e  is v e r y  in com ­
plete  as i t  does n o t m ention  th e d irect process b y  w h ich  m ost 
of th e zinc oxide used is m ade.

H e v e ry  p roperly  calls a tten tion  to  th e  in feriority  o f m ix tu res 
of zin c sulfide and barium  su lfate  to  lithopone, and speaks w ell of 
th e la tte r for inside w ork, w h ile  condem ning it  for outside. In  th is 
he agrees w ith  th e gen eral opinion, although recen t im p rove­
m ents in its m an ufacture seem  lik e ly  to  m o d ify  th is conclusion.

Covering power is defined as hiding power, and th e a u th or sa ys 
“ th a t p a in t w h ich  m asks the under su rface best w ith  th e least 
th ickness of paint, is th e one th a t has th e g rea te st coverin g 
pow er.1* A n  excellen t m ethod is described for a  p ra ctica l test, 
and th e resu lt o f a  v ery  carefu l se t of exp erim en ts b y  L en oble 
of L ille  is given. T hese show  th a t  w eigh t for w eigh t, or bu lk  
for bulk, zin c oxid e  has a  greater coverin g p ow er th an  w h ite  
lead, bu t, ow ing to  its requ irin g m ore oil, it  needs a  grea ter 
n um ber of coats to  g ive  an equal am ou n t of p igm en t on th e sam e 

surface.
T h ere  is a  good chap ter on grind in g in w hich th e  auth or points 

o u t th e  n ecessity  of h a v in g  all m aterials p erfectly  dry, of keep in g 
th e  oil a t  a  norm al and uniform  tem p eratu re, and of p rop erly  
regu latin g th e speed of th e m ills. H e states w h a t is p erfectly
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true, b u t not alw ays recognized, th a t good m aterials m ay m ake 
a bad paint if im properly ground.

A n  excellen t account is given of the experim ents of the D utch 
Com mission and of the legislation prohibiting and regulating 
the uses of w h ite  lead. T he author freely adm its his prejudice 
in favor of lead, b u t endeavors to  be, and in the m ain is, fair in 
his com m ents.

T h e  last chapter is on "Q u a lita tiv e  A n alysis,”  and it  is un ­
fortunate th a t i t  w as w ritten, as the auth or’s know ledge of 
chem istry is rudim entary. T he translator has endeavored to 
m ake up for this b y  num erous foot-notes to  this chapter, pointing 
ou t the errors and omissions in the te x t, and th ereby p artly  
m akes up for the curious and involved English w hich he fre­
q u ently  uses.

W ith  the exception  of the chapter on "A n a ly sis”  and some of 
the theories advanced, the book is good, b u t hardly a safe one 
to  p u t in the hands of a non-technical reader. F or the technolo­
gist who wishes to  learn more of the painter’s view  of pigm ents, 
it can  be recomm ended.

G e o r g f . C. S t o n e

Refractories and Furnaces. B y  F. T . H a v a r d .  M cG raw -H ill
B ook Co., N ew  Y o rk , 1912. Price, S4.00.

T his tim ely  w ork deals w ith  a su bject of prim e im portance 
to m etallurgy and aims to  present the principles underlying the 
production and use of refractories. T h e introduction gives a 
brief historical review  of c lay  working, of which the p art dealing 
w ith the developm ent of the A m erican fire-brick industry is the 
m ost satisfactory. In  Chapter I, the usual classification of acid , 
basic and neutral refractories is adopted. T he tab le  of for­
m ation and m elting tem peratures of silicates in Chapter II 
m ight have been greatly  enlarged. T he description of the m anu­
facture of silica brick, Chapter III , is concise and satisfactory. 
T h e figures given  for th e burning of silica brick give rise to a 
discrepancy; in one place it  is said th a t the tem perature rises as 
high as 1600 o C., in another th a t it  is 1500 o or 1700 o.

T h e treatm en t of the subject of refractor)' clays is not as satis­
factory  as m igh t be wished and it  is evident th a t the w riter is on 
unfam iliar ground. T hu s considerable attention  is given to the 
old B ischof refractory coefficient w hich has been discarded long 
since. T h e  w o rk  of Richters, Seger, Cram er, Ludw ig, Mellor, 
Rieke, F lacli, on fire c lays is not mentioned. The use of waste 
gases from  kilns for steam  raising is not comm on in this country. 
T h e  Cassel kiln  cannot be said to  be an econom ical kiln; if a n y­
thing it  is less so th an  the downdraft. Chapter V, dealing with 
the basic and neutral refractories, is interesting and instructive. 
Chapters V I, V II , V I I I  and I X , dealing w ith the construction 
of m etallurgical furnaces and the use of refractories, form a valu ­
able sum m ary of this subject. T h is applies particularly  to cop­
per furnaces. T h e use of m agnesium  oxychloride and carborun­
dum  as an acid-proof m ortar for the G lover tower, etc., does not 
seem prom ising nor as satisfactory as the barium  sulfate-w ater 
glass cem en t frequently em ployed.

In  Chapter X  instances of th e use of refractor)' bricks in 
industrial furnaces are briefly described. More atten tion  m ight 
h ave  been given to  glass furnaces where the proper use of re­
fractories is exceedingly im portant. Som e interesting facts 
have been com piled in Chapter X I ,  the use of refractory m ortars 
and paints. T h e use of coatings for rendering furnace walls 
m ore heat-resistan t as quoted on page 21S is misleading.

In C hapter X I I ,  refractory  hollow ware, the treatm en t of 
retorts is quite  satisfactory; no m ention is m ade of glass pots. 
C hapter X I I I ,  on th e testin g of refractories, is inadequate. No 
m ention is m ade of P u rd y ’s m ethod of classifying fire clays. 
T h e statem en t th a t “ the refractory  m ust stand a  tem perature 
of a t least 50o C. above th a t a t  w hich it is used”  needs elaborate 
am plification. T h e viscosity of refractories a t  furnace tem pera­
tures is an im portan t p ro p erty  which requires discussion and 
which is not satisfactorily  m easured by the Cram er test. The

D eville furnace is n o t sa tisfa cto ry  in th is d a y  of carbon resist­
ance furnaces. . C hapter X I V  con tains com pilations of the work 
of W ologdine, H crin g and others. T h e  su b je ct of heat measure­
m ent is considered in C hap ter X V . W hile  tw o  diagrams are 
given of th e e lectric resistance pyrom eter, th e subject of the 
therm ocouple is dismissed too briefly. M ention m ight have 
been m ade of the H o lborn -K u rlbau in  o p tica l pyrom eter. The 
book concludes w ith a ch ap ter on com m on bricks.

T h e w ork as a  whole is in terestin g  and w hile n ot quite satis­
factory to  the specialist in silicate  techn ology, fills an important 
need on the p a rt of the user of refractories. T h e  typographical 
execution  of the book is excellen t.

A . V. B lE in in g k r

The Science of H ygiene. B y  W a l t e r  C. C. P a r e s .  New  edition,
revised b y  A . T . N a n k iv e l u  8vo., 16 4 pages. D. V an  Nostrand
&  Co., N ew  Y o rk . P rice, $1.75.

In the preface of th is book, the reviser te lls us th at it is in­
tended for candidates for the degree of D octo r of Public Health 
in G reat B ritain . A  carefu l perusal of th e  b o ok  shows it to he 
very  elem en tary in character, going in to a ltogeth er too many 
details in the discussion of a n a ly tica l m ethods. I11 this country, 
the book is of such a q u a lity  as w ould be used b y  high school 
students, and w ould also be of valu e  in public libraries where 
v e ry  you n g m en go to  find books of a  sem i-popular nature. 
T h e book lias th e ap pearance of h a v in g  been hastily  written, 
and still more h astily  proof-read, as is evid en ced  b y  the following 
errors w hich w ere n oted:

P age 7: 4.55 gram s instead of " p a r ts ”  per one hundred thou­
sand.

Page 56: “ R e d u x ”  instead of “ re flu x .”
Page 77: " F ilte r ”  funnel instead of “ sep a ra tin g ”  funnel.
Page 92: F ix ed  a cid ity  of S h erry  270 in stead  of 0.270.
P age 107: 100 gram s is  taken.
T h e  spelling th rough ou t th e  book is n ot a ltogether uniform. 

T h e author speaks of "g ra m m e s,”  and of m illigram s and kilo­
gram s, also m ixes m etric, and com m on w eigh ts and measures, 
and refers th e specific g r a v ity  to  a basis o f 1000 instead of to
1.000 as is now  custom ary. A  n um ber of a n tiq u ated  expressions, 
such as " B a r y ta  w a te r”  are used.

The follow ing errors in chem istry  are esp ecia lly  glaring:

Page 27: In  m entioning th e  w h ite  p recip itate  of lead sulfate 
formed on th e addition  of H ,S 0 4 to  a  w a te r  con tainin g lead, no 
m ention is m ade of th e fa c t th a t th e presen ce of barium  would 
also give a w hite precip itate.

Page 53; T h e K jc ld a h l m ethod as described  w o u ld  undoubt­
edly lead to  a  loss of am m onia before th e distillation.

Page 84: T h e ashing of flour in a  p la tin u m  dish is recommended.
T he author a p p aren tly  forgets th e effect on platinum of 

th e phosphorus present in ccreals.
P age 93: In  testin g  for arsenic, th e a u th or recommends the 

R cinsch test, b u t m akes no m ention of th e  G u tze it test and its 
m odifications w hich la tte r m ethods are qu icker and more easily 
carried out.

The book is divided into th e  fo llow in g divisions: Analysis 
of w ater, m ilk, butter, (lour, bread, coffee, spirits, wines, beer, 
vinegar, air, soils, disinfectants, m icroscop y, m eat inspection, 
lh e r e  is also a chapter 011 reagents and stan dard  solutions in 
the middle of th e book, w hile ad d ition al directions for reagents 
are given in each chapter, often tim es w ith o u t m ention of the 
so lven t to be used. I t  would con sid erably im prove the book if 
all the directions for the prep aration  of reagen ts and standard 
solutions were in one place, p referab ly  in th e back  of the book 
in an appendix.

1  he best p a rt of the book consists of th e collcction  of typical 
w ater analyses w ith  notices on their interpretation . Thirty 
such analyses are given  and w ell explain ed.

D . D . B e r o IvZhEimEK



Mar., 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

NEW PUBLICATIONS
B y ’ D .  D .  B e r o l z h e i m e r , L ib ra rian , C hem ists’ C lub, New Y ork

Cellulose, C h e m is try  o f , w i t h  S p e c ia l  R e fe re n c e  to  t h e  T e x t i l e  a n d  
Fibre I n d u s t r ie s .  B y C. G. S c h w a l b e . Vol. I I .  L . 8vo., pp . 660. 
Pricc, $7.00. G cbrueder B orn traeger, B erlin . (G erm an.)

C h e m ic a l  I n d u s t r i e s  o f B e lg iu m ,  N e th e r la n d s ,  N o rw a y  a n d  S w e d e n . 
By Thomas H . N o rton . 8vo., pp . 85. D ept, of Com m erce and  Labor, 
Spccial Agents Series No. 65.

Civil E n g in e e rs ’ P o c k e tb o o k .  B y  A l b e r t  I .  F r y e . 8vo., pp . 1658.
Pricc, $5.00. D. V an N o stran d  Co., New Y ork.

Dairy T e c h n o lo g y : D a i r y  P r o d u c ts  a n d  t h e i r  U ses . B y C. L a r s e n .

Sm. 8vo., pp. 298. Price , $1.50. Jo h n  W iley & Sons, New Y ork. 
E lectrical P h o to m e tr y  a n d  I l l u m i n a t i o n .  B y H . B o h l e . 8vo.,

pp. 234. Price, $2.75. Clias. Griflin & Co., London.
Food In s p e c tio n  a n d  A n a ly s is .  B y  A l b e r t  E* L e a c i i  a n d  A n d r e w  

L . W i n t o n . 3 rd  E dition . L .  8vo., pp . 1001. Pricc, $7.50. Jo h n  
Wiley & Sons, New Y ork .

H istory of C h e m is tr y .  B y  J a m e s  C a m p b e l l  B r o w n . V o l .  I I .  8v o . ,

p p . 5 4 3 . P r i c e ,  $ 2 .7 5 .  J .  &  A .  C h u r c h i l l ,  L o u d o n .
H ydroce llu lo se , A c e ty lc e l lu lo s e  a n d  t h e  D e te r m in a t io n  o f A c e tic  

Acid in  A c e ty lc e l lu lo s e s .  B y W . B e c k . 8vo., pp . 58. Thesis, 
University of Leipzig, Leipzig. (G erm an.)

In o rgan ic  C h e m is tr y ,  G m e l in  a n d  K r a u t ’s H a n d b o o k  o f . Vol. I l l ,  
Part 1. By C. F r i e d h e i m  a n d  F .  P e t e r s . 7 th  edition . L . 8vo., pp. 
1568. Pricc, $16.50. Carl W in te r, H eidelberg . (G erm an.)

Iron an d  S te e l, A n  O u t l in e  o f t h e  M e ta l lu r g y  o f . B y A. H . S e x t o n  

a n d  J . S .  G. P r i m r o s e . 2nd  edition . 8vo., p p .  586. Pricc , $3.25. 
Scientific Publishing Co., London.

Lead P o iso n in g  a n d  L e a d  A b s o r p t io n .  B y  T n o M A s  M. L e g g e  a n d  

K e n n e t h  W . G o a d b y . 8 v o . ,  pp. 308. Pricc , $3.50. L ongm ans, 
G reen  & Co., New Y ork.

Leather D y e in g  a n d  P r e p a r in g .  B y  M. C. L a m b .  2 nd  edition. L .  
8vo.,pp. 427. Price , $5.25. Ju liu s  Springer, B erlin . (G erm an. T ran s­
lation.)

M etals, T he C a s tin g  o f. B y E . A. S c h o t t . Lex. 8vo., pp . 285. Price, 
$3.50. B. F. Voigt, Leipzig. (G erm an.)

M etals, E le c tro ly t ic  D e p o s i t io n  o f . B y  G. B u c h n e r . 8 v o . Price, 
$1.75. M. K rayn, B erlin . (G erm an.)

M etal W o rk in g , H a n d b o o k  o f A u to g e n o u s .  B y  T h e o  K a x j t n y .

8vo., pp. 712. Pricc, $4.50. C arl M arhold, H alle . (G erm an.)
M etals, th e  R a r e r ,  T h e  M in e r a lo g y  o f. B y  E . C o h e n  a n d  W . O.

W o o t o n . 12mo., pp. 240. Pricc , $1.50. Chas. Griffin & Co., London. 
M etals, M ix ed , o r  M e ta l l i c  A llo y s .  B y  A r t h u r  H .  H i o r n s . 3 rd  

edition. 8vo. Pricc , $1.50. M acm illan Co., New Y ork .
M eta llu rgy , T r e a t i s e  o n .  B y  L .  d e  L a u n a y . Vol. I I I .  8vo. Pricc,

$18.00. Ch. Bcranger, Paris . (F rench.)
N itrocellu lose  P r o d u c e d  f r o m  S u l f i t e  N i t r o c e l lu lo s e  a n d  S tr a w -  

flber, Use o f. B y K . A. N i t z e l n a d e l . 8vo. Price , $0.25. D isse rta ­
tion, U niversity of D resden, D resden. (G erm an.)

Organic C o m p o u n d s , T h e  P r e p a r a t i o n  o f. B y  E . d e  B .  B a r n e t t .

8vo., pp. 326. Price , $2.25. A. & J . C hurchill, London.
Paper: T he T e s t in g  of W o o d  P u lp .  B y  R . W . S i n d a l l  a n d  W . N.

Bacon. 8vo. P rice , S2.50. D . V an  N o stran d  Co., New Y ork .
Peat as a  S ource  o f P o w e r . L. 8vo., pp . 164. P rice, $1.50. Ju liu s  

Springer, Berlin. (G erm an.)
P etro leum : L a b o ra to r y  B o o k  o f M in e r a l  O il T e s t in g .  B y  J as. A.

H ic k s . 8vo., pp . 74. Pricc , $1.50. Chas. Griffin & Co., L ondon. 
P e tro leum , t h e  M o t iv e  P o w e r  o f t h e  F u tu r e .  B y  W . S. T o w e r  a n d  

J. R o b e r t s . 8 v o . ,  pp . 254. Pricc, $1.50. H od d er & S tough ton , 
London.

Photochem istry, T e x tb o o k  o f. B y A. B e n r a t h . 8vo. Price , $1.50.
C. Winter, Heidelberg. (G erm an.)

Public H e a lth  C h e m is t r y  a n d  B a c te r io lo g y .  B y  D a v i d  M c K a i l .
Svo., pp. 409. Price, $2.50. W illiam  W ood  & Co., New Y ork. 

Qualitative A n a ly se s . B y  W i l h e l m  B i l t z . 8vo., pp . 129. Pricc,
$1.50. Akademische V erlagsgesellschaft, Leipzig. (G erm an.)

Rubber. By R u d o l f  D i t m a r . 8vo., pp . 140. Price , $1.75. Ju liu s  
Springer, Berlin. (G erm an.)

Soap-Makers’ H an d b o o k . B y W i l l i a m  T. B r a n n t . 2nd  ed.
8vo., pp. 535. Pricc, $6.00. H en ry  Carey B aird  & Co., Ph ilade lph ia . 

Sugar In d u s try  in  t h e  P h i l i p p i n e  I s l a n d s ,  H a n d b o o k  o n  th e .  B y 
G- E. N e s o m , H e r b e r t  S. W a l k e r , et al. L . 8vo. Price, $2.00. 
Bureau of Science, M anila.

Thorium  a n d  i t s  C o m p o u n d s ,  L e c tu re  o n .  B y  E d m u n d  W h i t e .  
8v o ., p p .  2 2 8 . E d m u n d  W h i t e ,  London.
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Arsenic, Q u a n t i t a t iv e  D e te r m in a t io n  o f. B y F . L e h m a n n . Archiv  

dcr Pharmazie, Vol. 251, 1913, No. 1, pp . 1-4.

B o i le r  F e e d  P ip i n g .  B y  C h a r l e s  L .  H u b b a r d . Steam , Vol. 11, 1913, 
No. 1, pp. 3 -9 .

C a ra m e l.  B y  L a w r e n c e  B r i a n t . Journa l of the In s titu te  of Brew ing, 
V o l .  18, 1912, N o .  7, pp . 673-689.

C o n c re te ,  I n f lu e n c e  o f T e m p e r a tu r e  o n . B y  W a r r e n  A .  I I o y t . 

Engineering Record, Vol. 67, 1913, No. 3, pp. 66-68.
C o p p er , T h e  D e te c t io n  o f T ra c e s  o f. B y  W .  B. P r i t z , A .  G u i l l a u d e u  

a n d  J .  R .  W i t h r o w . Jo u rn a l of the A m erican  Chemical Society, Vol. 35, 
1913, No. 2, pp. 168-173.

C o tto n  G oods, F i r e - R e s is t in g .  B y W .  B. N a n s o n . T extile  A m erican , 
V o l .  19, 1913, N o .  2, pp . 14-16.

F a t t y  A c id s . B y  J . L .  S t r e v e n s . Chemical Engineering and  T he W orks  
Chem ist, Vol. 11, 1913, No. 20, pp . 319-321.

F u e l  O il. B y V i v i a n  B. L e w e s . Chemical Trade Journa l, V o l .  52, 
1913, N o .  1340, pp. 91-92.

F u e l ,  O il a s  a n  E m e r g e n c y .  B y  R e g i n a l d  T r a u t s c i i o l d . Practical 
Engineer, Vol. 17, 1913, No. 2, pp . 115-118.

H y d ro g e n  T a b le ,  A N e w . B y  L .  V a n i n o  a n d  A .  S c h i n n e r . Z e it- 
schrift fu er  angewandte Chemie, Vol. 26, 1913, No. 7, pp. 55-56.
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Cleveland Eugitieering Society, Vol. 1913, No. 1.
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M e ta ls  a n d  A llo y s ,  T h e  E f fe c t  o f H ig h  T e m p e r a tu r e s  o n  t h e  P h y s ic a l  

P r o p e r t ie s  of S o m e . B y  I .  M . B r e g o w s k y  a n d  L .  W .  S p r i n g . T he  
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Trade Journa l, Vol. 52, 1913, No. 1340, pp . 97-98.
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and Chemical Engineering, Vol. 11, 1913, No. 2, pp. 83-86.

P a i n t  M a n u f a c tu r e ,  T h e  L a te s t  D e v e lo p m e n ts  i n .  B y  H e n r y  A .  

G a r d n e r . P a in t, Oil and Drug R eview , Vol. 55, 1913, No. 7, pp . 11-15.
P a i n t s ,  M e ta l ,  P r im e r s  fo r .  B y  H e n r y  A .  G a r d n e r . P a in t, O il 

and Drug Review , Vol. 55, 1913, No. 4, pp . 10-13.
P a p e r ,  M e th o d s  o f E s t i m a t i n g  t h e  Q u a l i ty  o f. A n o n y m o u s . 

P a  per, Vol. 10, 1913, No. 7, pp. 15-17.
P ig m e n t s  U sed  b y  t h e  E a r l i e r  P a in t e r s ,  w i t h  S o m e D e s c r ip t i o n  o f 

t h e  M e th o d s  of D e te c t in g  a n d  I d e n t i f y i n g  T h e m .  B y  A .  P .  L a u r i e . 

O il and Colour Trades Journa l, Vol. 43, 1913, No. 1, pp. 45-48.
R e a c t io n s ,  C h e m ic a l ,  a t  v e ry  L o w  P r e s s u r e s .  B y  I r v i n g  L a n g m u i r . 

Journa l of the A  merican Chemical Soc ie ty , Vol. 35, 1913, No. 2, pp . 105- 
127.

R u b b e r  C o n te n t  o f R u b b e r  G o o d s, D e te r m in a t io n  o f t h e .  B y  P a u l  

G o l d b e r g . Chemikcr Zeitung, Vol. 37, 1913, No. 9, pp . 85-86.
S e w ag e  P u r i f i c a t io n .  B y  J a m e s  M i l l a r  N e i l . M etallurgical and  

Chemical Engineering, Vol. 11, 1913, No. 2, pp . 76-79.
S e w a g e : S e p a ra t io n  o f S u s p e n d e d  S o lid s  f r o m  P e r c o la to r  E f f lu e n ts .  

B y  L e o n a r d  C l e m e n t . Journa l of the Society of Chemical In d u s try ,  
Vol. 32, 1913, No. 1, pp . 4 -9 .

S u g a r  L a b o ra to r y  A p p a r a tu s  a n d  i t s  U se . B y  R .  S. N o r r i s . L o u is ­
iana P lanter and Sugar M anufacturer, V o l .  50, 1913, N o .  6, pp . 93-96.

S u lf l te -C e llu lo s e  E x t r a c t ,  A n a ly s is  a n d  D e te c t io n  o f . B y  F . H .  

S m a l l . Journa l of the A m erican  Leather Chem ists' A ssociation, Vol. 8, 
1913, No. 2, pp. 63-89.

T e m p e r a tu r e ,  M e a s u r e m e n t  o f, b y  E l e c t r i c a l  M e a n s .  B y  C h a s . 

B u r t o n  T h w i n g . S tea m , Vol. 11, 1913, No. 2, pp. 40—42.
V a r n is h  M a te r i a l s ,  S o m e  C o lo n ia l  a n d  I n d i a n .  B y  T h o m a s  A .  

H e n r y . Oil and Colour Trades Journa l, \ o l .  43, 1913, N o .  744, pp. 213— 
216.

V e n t i l a t i o n  fo r  I n d u s t r i a l  P l a n t s .  B y  C h a r l e s  L .  H u b b a r d . S tea m ,  
Vol. 11, 1913, No. 2, pp . 33-36.

W a te r  A n a ly s is ,  T h e  U se  o f P o ta s s iu m  P a l m i t a t e  In .  B y  C .  B l a c k e r , 

P .  G R U E N B E R G  a n d  M . K i s s a . Chem ikcr Zeitung , Vol. 37, 1913, No. 6, 
pp . 56-58.

W a te r  f r o m  M a in s ,  D e te c t io n  a n d  C o lo r im e tr ic  D e te r m in a t io n  o f 
L e a d  C o p p er a n d  Z in c  i n .  B y  L .  W .  W i n k l e r . Zeitschrift fuer  
angewandte Chemie, Vol. 26, 1913, No. 3, pp. 38 44.

W h i te  L e a d , T h e  T o x ic i ty  o f. B y  C h a r l e s  A .  L i n e . Drugs, Oils 
and P a in ts , Vol. 28, 1913, No. 8, pp. 295 an d  301-302.

W o o d  P r e s e r v a t io n .  B y  H . v .  S c h r e n k , F. M . B o n d  a n d  H . F. W e i s s . 

Engineering Record , Vol. 67, 1913, No. 4, pp . 108—110.
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RE.CE.NT INVENTIONS
B y  C. L. P a r k e r , Solicitor of Chemical P a ten ts , M cGill B uilding, W ash ing ton , D . C.

oxid  is form ed and the w hole content of sulfur gasea w ith  other 
vapors are released. T h e  ferric oxid is discharged from  the 
low er end of th e  furnace, while the sulfur gases and other vapors 
pass from  th e  higher end of the furnace where th e tem perature 
zone is cool and are delivered into the condensing tow er where 
it  is subjected to  treatm en t of a  sp ray of w eak solution of sul­
furic acid. T his condenses and absorbs the contained sulfuric 
acid  gas, th e other gas passing on. T h e absorbed sulfuric acid 
gas is w ithdraw n from  the condensing tow er and stored or used 
o ver again; th e  ferric oxid  is collected from  the low er end of 
the furnace, cooled and recovered as ferric oxid free from  sulfur.

Form ic Acid. W .H . W alker, D e c .3 1 ,1912. U .S . Pat. 1,048,609.
In  m akin g form ic acid  b y  the reaction of sulfuric acid on a 
form ate, th e  patentee uses a  form ate su bstan tially  free from  
w a te r  w hereby th e reaction proceeds w ithout injurious rise of 
tem perature or substantial loss of form ic acid.

W aterproofing Concrete. A. C. Horn, Dec. 31, 1912. U. S. 
Pat. 1,048,695. T h e com position com prises Chinese wood oil, 
calcium  stearate  and casein, and a  preservative com pound.

Electric-Furnace Lining. Frederick M. B ecket, Jan. 7, 1913. 
U. S. Pat. 1,049,801. T h e  lining consists of a refractory m aterial 
h a v in g  an adherent facing of ferrotungsten reduced from  the 
refracto ry  m aterial.

Lum inous or F lam ing A rc Electrode. Joseph L. R . Hayden, 
Jan. 7, 1913. U. S. Pat. 1,049,854. T he electrode contains 
titan iu m  carbid and cerium  titano-fluorid.

T ar-P ain t M anufacture. Friedrich Raschig, Jan. 7, 1913. U .S . 
Pat. 1,049,916. T h e  paint consists of an emulsion of tar, 
c la y  and w ater, produced b y  m ixing c lay  w ith w ater and then 
grad u a lly  stirring tar and w ater into the m ixture until the tar 
is uniform ly distributed.

P u rifying Asbestos. W . C. Arsem , Jan. 7, 1913. U. S. Pat. 
1,049,972. D ifficu ltly  rem ovable iron oxid is rem oved from 
asbestos b y  soaking the crude m aterial in a 50 %  solution of

low -boiling products of the sam e series are obtained, by main­
taining a  pressure of 4 to  6 atm ospheres on th e vapors through­
o u t their course from  th e still th rough the condenser and while 
undergoing condensation. F rom  tim e to  tim e the accumula­
tions of gas from  the p rodu cts o f condensation  are released.

Nitric Acid. M oest and von  B erneck, Jan . 7, ig i3 -  U. S. 
Pat. 1,049,754. In  the production  o f con ccn trated  nitric oxid 
gases i t  has been found th a t a  m ore concen trated nitric acid 
is obtained if  oxygen  is used in stead o f atm ospheric air for 
con verting these gases in to n itric  acid  in th e presence of water.

T h e patentee charges w ith  o x y gen  th e ap p aratu s serving for 
the conveyance of th e liquid  in the absorption  system  and re­
introduces the oxygen  leav in g  th e a p p ara tu s simultaneously 
w ith  the entrained vap ors con tain in g th e n itric  acid.

Non-Inflam m able Cellulose Com pound. W . G. Linds?.;', 
Jan. 7, 1913. U . S. Pat. 1,050,065. T h e  com position contains 
100 parts of a ce ty l cellulose, from  10 to 20 p arts of triphenyl- 
phosphate and from  1 to  2 p arts of urea in ad m ixtu re  with acctyl- 
enetetrachlorid and acetone.

Concentrated Nitric Acid. M oest and von Berneck, Jan. I4i 
I 9I3- U. S. Pat. 1,050,160. T h e  p aten tees produce concen­
trated n itric  acid in a d irect w a y  b y  trea tin g  d ilu te  nitric add 
w ith a  m ixture of nitrogen peroxid  and oxygen . The mixture 
is subjected to the action  of o x y gen  to  expel the non-oxidized 
nitric oxid gases from  the n itric  acid.

Suspensible Sulfur. H. W . H illyer, Dec. 24, 1912. U. S. Pat. 
1,048,161. T he patentee claims th e  invention of a  new  form  
of sulfur w hich he term s suspensible sulfur, the m aterial being 
suspensible in w ater and which, when so suspended, is n ot co­
agulable b y  sulfuric acid. T he product is to  be used as a 
fungicide.

R ecovery of Sulfuric Acid and Iron from  Ferrous-Sulfate
Sludge. C. A . W eeks, Dec. 24, 1912. U. S. P at. 1,048,247.
In  the p aten tee ’s preferred process, concentrated ferrous 
su lfate  solution is sprayed into th e upper end of a  heated, 
sligh tly  inclined, rotating, tu bu lar furnace, heated b y  a  je t  of 
gas adm itted  to  th e lower end of the furnace. T h e ferrous 
su lfate  is gradually  heated w ithin th e  furnace until the greatest 
tem peratu re zone is reached, a t  w hich the calcination of the
ferrous su lfate crystals takes place w ith the result th a t ferric

orthophosphoric acid  for from  24 to 72 hours and washing the 
fibers to  rem ove the adheren t acid.

Gasolene M anufacture. W . M. B urton, Jan . 7, 1913. U. S. 
P at. 1,049,667. O n d istillin g a t  from  650 °-8 50 ° F . the volatile 
constituents of th e liquid  portions o f th e paraffin  series of petro­
leum  distillations h a v in g  a  boiling p oin t upw ard of 500° F.,
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Separating Copper from  O ther M etals. T . A . Edison, Jan . 14, 
1913. U. S. Pat. 1,050,629 and 30. In  sep aratin g m eta llic  
copper from other m etals the associated m eta ls are treated  w ith  
a solution of am m onium  su lfate  or cop p er su lfate  con tainin g 
a reducible haloid of a  m eta l of v ariab le  valen ce  and su p p lyin g  
an oxygen-containing gas to  the m ixtu re.

air is caused to  pass th rough th e ferm enting m ash it  has h ereto­
fore n ot been possible in all cases to  econom ically  sep arate  the 
alcohol absorbed. T h e  p aten tee  adds to th e m ix tu re  o f alcohol

Alcohol from Sulfite Liquor. P . B . EkstrBm , Jan . 14, 19 13 . 
U. S. Pat. 1,050,723. In  th e process o f m an u factu rin g  alcohol 

, b y  ferm en tin g th e sacch arine m at-
 ̂ . ters of su lfite  liquor from  sulfite

' pulp, it is d ifficu lt to  m ain tain  a
R q u a n tity  of free o x y gen  sufficient

¡0 for the develop m ent of th e yeast,
due to  the fa c t th a t the liquor 

ba7?! con tains redu cing com pounds, or
-<0 com pounds w hich are easily  oxid ized

jJ) £ s du rin g the ferm entation, t h a t
ra p id ly  consum e th e free oxygen  

^ /( th at m a y  be supplied b y  usual
'6 aeration.

(7 T h e  p aten tee ’s process consists 
in a d d in g  to  th e liquor before fer-

_ _____ m en tin g the sam e, a  c a ta ly ze r  for
o xid atio n  and then aeratin g  the 

liquor. The cata ly zer effects a rap id  o x id atio n  of those 
compounds which la ter on during the ferm entation  process 
would be capable o f consum ing the free o x y gen  in  the liquor.

an d  air a  vapor, such as steam ; th is is q u ick ly  taken up b y  the 
m ix tu re  of alcohol and a ir and has e v e ry  o p p o rtu n ity  to  absorb 
th e alcohol. S ince th e w a te r can  be m ore easily  rem oved from  
air th an  alcohol, the absorbed alcohol— w ith  th e  excep tion  of 
b u t sm all traces— can now  be separated from  the a ir b y  sim ply 
condensing th e vapor. T h e  alcohol is therefore n ea rly  e n tire ly  
regained.

Economic Method of O btaining Gases. C. E . A cker, Jan . 21, 
1913. U. S. Pat. 1,050,902. T h is  is a  process o f con tin uously  
separating gases from  gaseous m ix tu res or from  liquids or solids 

j j .  ^ con tain in g them  and is ad ap ted  for
th e p rodu ction  of n itrogen  from  a t- 

R.lu.... j Cr m osphcric air as w ell as th e pro-
W B i i  [ m m m !  du ction  of hyd ro gen  th rough the 

G F Z  iT T }  |||  decom position  of steam  or w ater.
I f  K V j  | ||  In  th e p rodu ction  o f nitrogen

§ |  j . ! B t  1 h |  i | |  from  atm osph eric air, such a ir is
/-+ ;' f f  ¡ ¡ |  brou gh t in to co n ta ct w ith  a  heated

\ i w /  / t i t  m eta l cap able  o f bein g oxidized,
. ! | |  such as lead. A  m eta l ox id  is form ed

" 11 ■- '~P | ||  and th e n itrogenous r e s i d u e
1||||  sep arated  therefrom . T h e  m etal

________H fl l  o x id  is d issolved in  a  m enstruum
p referab ly  con sistin g of a  m ix tu re  of 

fused alkali m etal sa lts, and the m eta l ox id  is reacted  u pon  b y  
a reducing agent w h ich  is  held  in solution  in such m enstruum . 
The process m ay be  con tin u o u sly  carried  o u t in th e  a p p aratu s 
illustrated.

Ferrosilicon by R eduction. E . A . B yrn es, Jan. 21, 1913 . 
U. S. Pat. 1,0 51,194. A ccordin g to  this process, re fracto ry  m etal- 
bearing ores and com pounds and sp ecifically  a  ch argc con sistin g

 ̂ of a  silicon com pound, a  source of

*ron an d co^' f ° r  th e  produ ction  of 
I f=i ferrosilicon, are reduced b y  sub-
p ifisjV;;..; ...U ajyllf m erging th e low er portion  o f  th e
I *  J  charge in  a  vertica l m olten  resistor-

i i  ’ colum n, p reheatin g the unsubm erged
upper p ortion  b y  passing a ir and 

B g  a.1 5  h ot products, o f com bustion  upw ard
s*. through it, and h ea tin g  th e sub-

m erSed l ° w er p ortion  b y  passing 
j ,  .j. th rough th e m olten resistor an elec-
JT- e  trie  curren t of en ergy-den sity  in-

\ f | i z- creasing dow nw ard tow ard th e  zone
o f reduction. T h e  electric term inals 
are p referab ly  o f m olten  fcrro- 
silicon, one being a  rin g surround- 

. J j f r P  J-l m g  th e upper end of th e  resistor- 
0 colum n and th e other a  b o d y  of

Potash, Iodine and Chlorine from  Seaweeds. C am eron and 
Moore, Feb. 4, 1913. U . S. Pat. 1,051,984. T h e  filtered and
partially evaporated solution  ob ta in ed  b y  lix iv ia tin g  th e  ash 
of seaweeds is e lectrolyzed  in .a  cell h a v in g  its  anode an d  cath od e 
chambers separated b y  a  diaphragm , th us o x id izin g  th e liberated 
roditi to iodic acid. B y  trea tin g  th e anode solution  w ith  ferrous 
sulfate (or iron) and su lfuric  acid , th e iodin is sep arated  from  the 
iodic acid. Potassium  h y d ro xid e  is found in the cath od e solu­
tion,

Regaining A lcohol from  A ir Passed th rough F erm en tin g V a ts. 
A- Zeckendorf, Jan. 21, 1913 . U . S. P at. 1,0 51,0 51. T h e  m ore 
recent fermentation processes in  w h ich  a  large q u a n tity  of

th e m eta llic  p rodu ct ben eath th e low er end of th is colum n. 
A s reduction  proceeds the excess slag  and m eta l are tap p ed  out 
and addition s are m ade to  the charge.

Acetone and H igher A lcohols by F erm en tation  o f S tarch 
Sugars and O ther Carbohydrate M aterials. A . F ernbach and
E . H . Strange, Nov. 12, 1912 . IT. S. P a t. 1,044,368. In  this 
process carb o h y d ra te  m a tte r  is m ixed  w ith  w ater, and a su itab ly  
degraded y e a s t  added. T h e  .m ixtu re is then  sterilized , a  ferm ent 
of the ty p e  of th e b u ty lic  bacillus of F itz  added an d  the m ix tu re  
ferm ented in th e absence of air.



MARKET REPORT
AVERAGE WHOLESALE PRICES 

O R G A N IC  C H E M IC A L S

A ceta n ilid   ..................................... Lb.
A c ctic  A cid  (28 per c c n t.) .................... C. 2.
A ceton e  (drum s).......................................Lb.
A lcohol, grain (188 p roof).................... Gal. 2.
A lcohol, wood (95 per c c n t .) ............... Gal.
Alcohol, denatured (180 p ro o f).......... G al.
A m y l A c e ta te .............................................G al. 2.
A n iline O il ...................................................Lb.
B enzoic A c id ..............................................Lb.
Carbon T etrachloride (drum s)............ L b .
Carbon B isu lfid e....................................... Lb.
Chloroform .................................................. Lb.
Carbolic A cid  (d ru m s)........................... Lb.
C itric A cid  (dom estic), c ry s ta ls ......... Lb.
Cam phor (refined in b u lk ) ....................Lb.
D extrin e (im ported p o ta to ) .................Lb.
D extrin e  (corn )......................................... C. 2.
E th er (U . S. P ., 1900)........................... Lb.
F orm aldehyde............................................Lb.
G lycerin e (d yn am ite)............................. Lb.
O xalic  A c id .................................................Lb.
P yrogallic  A cid  (b u lk )........................... L b . 1.
S a licy lic  A c id ............................................. Lb.
S tarch  (co rn )............................................. C. 1.
S tarch  (p o ta to )......................................... Lb.
T an n ic A cid  (com m ercial)....................Lb.
T artaric  A cid , c ry sta ls .......................... Lb.

IN O R G A N IC  C H E M IC A L S

A ceta te  of I.im c (g ra y )..........................C. 2.
A c c ta tc  of Lead (brown, b ro k e n )...  .L b .
A lum  (lu m p )..............................................C. 1 .
A lum inum  S u lfa te ....................................C.
A m m onium  C arbonate, dom estic.. . Lb.
A m m onium  Chloride, g r a y ...................Lb.
A q u a  A m m onia (drums) 16 0.............. Lb.
A rsenic, w h ite ........................................... L b .
Brim stone (crude, dom estic)...............T on 22.
B arium  C h lo rid e .......................................C. 1.
B arium  N itra te ......................................... Lb.
B orax, crysta ls  (b ag s)............................Lb.
B oric A cid, crysta ls (p o w d .)............... Lb.
Brom ine, b u lk ........................................... Lb.
B leach in g Pow der (35 per c e n t.) . . .  . C.
B a ry tes  (prime w hite, foreign)...........Ton 18.
B lue V itr io l.................................................Lb.
C alcium  C hlorid e...................................... C.
C halk  (light p re c ip ita ted )................. Lb.
China C lay  (im p orted)........................... T on  11 .
F eld sp ar....................................................... T on 7.
F u ller’s E arth , p ow dered......................C.
G reen V itrio l (b u lk )................................ C.
H ydrochloric A cid (18 0) ........................C. 1.
Iodine (resublim ed).................................L b . 3.
Lead N itra te ...............................................Lb.
L ith iu m  C a rb o n a te . ..............................Lb.
M agnesite (raw )........................................ T on  7.
N itric  A cid , 36o.........................................Lb.
Phosphorus..................................................Lb.
Phosphoric A cid , sp. gr. 1 .75 ...............Lb.
P laster of Paris. . .  ................................ B bl. 1,
P otassium  B rom ide................................. L b .
Potassium  Perm anganate (bulk) . . . .I.b . 
Potassium  C yanide (bulk) 9 8 -9 9 % . .L b .
Potaśsium  Iodide (b u lk )........................Lb.
Potassium  Chlorate, c ry sta ls ............... Lb.
Potassium  N itra te  (cru d c)....................Lb.
Potassium  B ichrom ate, 50o..................Lb.

OF STANDARD CHEMICALS, ETC., FOR THE MONTH OP FEBRUARY, I913

Q uicksilver, F la s k .....................................  40.00 @
21 @  23 S a lt C ake (glass-m akers’) ....................... C. 55 @
00 ®  2 .1 5  S ilver N itra te ..................................................O z. 3 9 'A  @
iC'/a @  17V* Soapstone in b a g s ......................................T o n  10.00 @ 12
55 @  2 -57 Sodium  A c e ta te ...........................................L b . 4 @
50 @  52 Sodium  C h lo ra te .......................................... L b . 8 ’A  @
40 @  42 Sodium  B icarb o n ate  (E n g lish )..............L b . 23/ ,  @
35 @  2 -55 Sodium  B ich ro m ate ....................................L b . 5 @
i o ‘/ s @  i o 5/„ Sodium  H ydroxide, 60 per c c n t  C. 1 .6 0  @ 1
23 ©  27 Sodium  H yp o su lfite ...................................C. 1 .3 0  @ 1

8 A  @  9 Sodium  N itrate , 95 per ccn t., s p o t . . .C . 2 .6 2 ‘/ 2 @
6 '/ a @  8 Sodium  S ilica te  (liq u id ).......................... C. 65 @  1

25 @  35 S trontium  N itra te ....................................... L b . 67/„ @
14 @  15 Sulfur, R o ll....................................................C. 1 .8 5  @  2
40 @  401/ 2 Sulfur, F low ers (su blim ed).....................C. 2 .2 0  @  2
42*A @  44 Sulfuric A cid , 60° B ..................................C. 85 @  1

6 ©  7 T a lc  (A m erican )..........................................T on  15 .0 0  @ 2 0
Go @  2 .8 1 T erra  A lb a  (A m erican ), N o. 1 ..............C. 75 @
14 ©  20 T in  Bichloride (5 0 °)....................................L b . 14 ‘A  @
8lA  @  9V2 T in  O x i d e . . . . ..............................................L b . 52 @

i8 ‘A  @  19 Z inc Chloride (gra n u la te d )...................... Lb. 4'/., ©
77/s © S '/s  Zinc S u lfa te ..................................................L b. 2 1/ , @

20 © I .4 0  OILS, W AXES, ETC.

2C> ® ^1 B eesw ax (pure w h ite ) ...............................L b . 42 @

82 ^  2 *^3/ B lack  M ineral O il, 29 g r a v ity ............... G al. 1 3 %  @
4 jx) 'V / ' Castor Oil (No. 3 ) ..................................... L b . 9 A  ©

35 ©  35/2 Ceresin (ye llo w )............................ ..............L b . 12 @
3%  g j  3 i Corn Oil.’ ........................................................ C. 5 .8 0  @ 5

Cottonseed Oil (crude), f. o. b. m ill. .G a l. 39 @
50 © 2.60  C ylinder Oil (light, filte re d )...................G al. 21 A ©

7-*A @  8 Japan W a x ..................................................... L b . 93/ 4 @
75 © 2.00 L a rd  Oil (prim e w in te r) ...........................G al. 88 ©
90 © 1 .7 5  Linseed Oil (double-boiled)....................Gal. 50 ©

8 @  8 A  Paraffine Oil (high v isc o s ity ) ................ G al. 26 @
6 ‘A  ®  6 A  Paraffine (crudc 120 &  122 111. p . ) . . .  .L b . 3 “/ ;  @
2‘A  ®  2 'A  Rosin Oil (first ru n ) ...................................G al. 34 @
4 ‘A  @  5 Spindle Oil, No. 200................................. G al. 18 @

00 @ 2 2 .5 0  Sperm  Oil (bleached w inter), 3 8 ° . . .  G al. 72 @
70 @  1.80 S tearic  A cid  (double-pressed)................ L b . 9 3A  @
5 @  5 ‘A  T allo w  (acidless).........................................G al. 64 @
33A  @ 4 ‘A  T a r  Oil (d istilled )....................................... G al. 30 ®
7 @  7 ‘AIT .  1 M ETALS

3 i V ©  3' i ‘ / Alum inum  (No. i in g o ts) ........................L b . 25 A  ©
so " © 2 2 . so 2 A n tim on y (H allc t’s ) .................................. L b . 9 @

, ,  (a -1/ B ism uth (N ew  Y o r k ) ...............  ............L b . 2 . 1 0  ®  2.

6V  '(U! 0 0 ’  Copper (electro lytic)..................................L b . 14 ‘A  @
@ . Copper (lak e)...............................................L b . 14 V * ®

50 @  18.00 i aid ’,N ' Y ................................................... L b ‘ 4 3 0  f  4 '
00 @  9.00 t ' c k c l.............................................................L b ‘ 50 ®
go ^  8 Platinum  (refined)......................................Oz. 46.00 @

55 ©  60 . ®U vcr.............................................................. 0 z - 62 ®
15 ®  1 . 55 ...................................................................L b - 49 @
05 @  3 JO Z m c................................................................. L b - 6 -35 @ .

81/ ,  @  81/ , FER TILIZER  M A TE R IA LS
65 @  70 Am m onium  S u lfa te ...................................C. 3.2,1 @
50 @  8.50  Fish Scrap, dom estic, d ried .................... U n it nominal

3 7A  @  4 'A  Blood, dried...................................................U n it 2 .8 0  @
35 @  90 T an kage, h igh-grade................................ U n it 2 . 70 &
2 i ‘A  @  25A  Bone, 4*A and 50, ground, r a w . ............T on  28.00 @
50 @ 1 . 7 0  Potassium , “ m uriate,”  basis 8 0 % . . .T o n  3 8 .55  ®
39 @  4°  Phosphate, acid, 16 per c c n t ................T on  7.00

93A  @  11 Phosphate rock; f. o. b. m ine:
19 @  24 Florida land pebble, 68 per cen t. T o n  3.00 @  3
fio @  2. 65 Tennessee, 70-80 per c c n t . . T on  5 .0 0  @  5

9 @  i o ’A  Pyrites, furnace size, im p o rted  U n it o . 13V2
4aA ®  5 Castor m eal..................................................U n it 3-10

6 7A  @  7 M owrah m ea l...............................................T o il 9 .0 0  @

65
40

,00

4*A
9'/.
3
5‘A

.65

.60

•50
7s/*

■15
60

00

00

80

>4
54

5
2-A

45
M
io 'A
22
85
39'/:
32
10

92
52
28

3*/i
36
19

74
10

67

26

91/;
'5
15
15
40

55

6‘A

8.00

25
5°


