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ORIGINAL P A P L R 5.

LABORATORY TESTS OF LUBRICANTS— INTER ­
PRETATION OF ANALYSES.

B y  P . H .  Co n r a d s o n .1
R e c e iv ed  M arch  14, 1910.

To  make complete tests of lubricants, oils and greases 
requires a great deal of expert knowledge and expe­
rience to enable the chemist or engineer to interpret 
correctly the results obtained. This point will be 
clearer perhaps, if one considers the various classes 
of machinery to be lubricated, from the light spindles 
in cotton mills to the heavy rolls in the iron and steel 
mills; the fast running shaft or journals in a dynamo, 
to the slow heavy shaft in an ocean steamer or war 
ship, and the numerous classes of machinery in shops, 
the electric motors on street cars, the steam locomo­
tives, the railroad cars, the steam turbine, automo­
biles, air. compressors, steam cylinders, and so on, 
too long a list to enumerate, and if we consider that 
these machines are to be lubricated under all kinds 
of conditions as to weather changes, high and low 
temperatures, and service requirements, we readily 
will appreciate the wide scope “ Lubricants and Lubri­
cation”  involves.

The method or methods of applying the oil to the 
parts to be lubricated plays a very im portant part
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in connection with the proper interpretation of lubl 
eating oil analyses; the conditions of the bearing 
surface, composition of the journal and bearings, etc.

An oil that would give satisfaction when applied 
direct to the journal by means of soaked waste, 
m ight fail altogether if the w ick method of feeding 
the oil was used, likewise a sight-feed cup with wide 
enough orifice might give satisfaction, while a gravity 
feed through a long small bored pipe, might give 
very  unsatisfactory results; or in other words the 
chemist or oil expert to interpret the results from 
laboratory tests of lubricating oils must be fam iliar 
with the particular kind of machines to be lubricated, 
the service conditions and requirements, and method 
of applying the oil, before he can give a qualified opinion 
as to the real adaptability of the lubricant, or com­
parative merits of two oils intended for the same 
service.

The value of physical and chemical tests of iron 
and steel used in construction work of all kinds and 
how to interpret the results obtained in laboratories 
is well known, likewise we m ust consider the laboratory 
tests of lubricants from a technical and practical 
point of view somewhat in the same light.

In making a complete investigation of the real or 
com parative value of a lubricating oil with another 
oil, we have then to consider the kind of machine 
to be lubricated, the service requirements and con­
ditions, and the methods of applying the lubricant 
to the machine, and make the chemical and physical 
laboratory tests accordingly.

Generally speaking, the chemical tests, as made, 
are very inadequate, as are also the physical tests, 
especially frictional tests on oil-testing machines, 
unless the machines are constructed in such a w ay 
that the actual conditions can be approxim ately re­
produced. For instance, in testing a spindle oil, 
the testing machine should be run practically at the 
same load and speed as the spindles are in actual 
service. In testing railway car and coach oils, the 
machine should have approxim ately the same size 
journal and bearing as would be found in actual 
railway car journals. The same is also true as regards 
speed, load and the application of the lubricant.

While m any valuable conclusions m ay be drawn 
from properly conducted laboratory tests, those of 
the greatest practical value come from a close obser­
vation of the lubricant in actual service, and we can 
base our laboratory investigations on the results ob­
tained, especially in comparing different oils intended 
for the same work. To bring out the point more
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dearly, let us consider an air compressor, such as is 
used on street cars and electric locomotives. A s is well 
known, these compressors are not water-cooled or even 
air-cooled. It  is not difficult to get an oil that will 
lubricate the compressor cylinder, but it is difficult 
to find an oil that will not carbonize at the high tem­
perature, often 450 to 460° F. in the street-car com­
pressor, and 550° to 560° F. in the electric locomotive 
air compressor.

of a suitable oil for such service, and to make a proper 
laboratory investigation and test of an air-compressor 
oil, it  would be necessary to have an air compressor 
and test the oil as near as possible under actual service 
conditions.

Again, we m ay consider a steam turbine and suitable 
oils for its lubrication. Ordinary laboratory tests, 
both chemical and physical, such as are generally 
used in this country, do not bring out the essential

F ig . 1.

The difficulty lies in the fact that as the compressed 
air passes through the outlet ports and check valves 
in the compressor heads, there is a very rapid increase 
in the temperature. The small amount of oil that 
goes with the compressed air, if not of the best or 
suitable quality, will then begin to carbonize and cause 
trouble by forming heavy carbonaceous deposits on 
the check valves. Now, an ordinary oil-testing 
machine cannot bring out the essential requirements

qualities of a suitable turbine oil, because the service 
requirements and conditions are so entirely different 
from the general run of machinery, that special tests 
must be made. Therefore, from a practical point 
of view, to develop the essential qualities of turbine 
oils, it is necessary that the service conditions and 
requirements should be studied first, laboratory tests 
then being made in accordance therewith as far as 
practicable.
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To illustrate, we consider a steam turbine of the 
Curtis type, where the oil is forced under high pressure 
to the step-bearing and then returned to the oil tank. 
A t first this m ight to be a very small matter, but in 
actual practice and experience it is not, for the follow­
ing reasons: In the first place, leakage of steam occurs 
in most of these steam turbines as now constructed; 
this steam condenses, becomes mixed or churned in 
with the oil, and if the oil is not of the proper kind, 
it becomes emulsified. The emulsified oil gradually 
becomes thicker, and as the same circulating system 
is used for the rest of the machine, the emulsified oil 
often causes considerable trouble. Then again, we 
often find that the amount of oil used in the oil-circu­
lating system is entirely too small in quantity, so 
the oil has to pass through the turbine m any times 
during the hour, in the twenty-four hours, and from 
week to week. This imposes a severe service require­
ment on the oil, which gradually becomes polymerized 
and oxidized, developing petroleum acids. If sulphur 
compounds are present to any extent, they become 
gradually oxidized and besides causing corrosion 
m ay also cause a great deal of trouble from formation 
of asphaltic and tarry matter, which would clog the 
filters and orifices through which' the oil has to pass. 
From  a practical point of view, therefore, the laboratory 
tests of turbine oils should be considered along these 
lines. The same m ay be said of all lubricating oils 
intended for use in oil-circulating systems, which are 
now so largely used in stationary power plants, shops, 
and mills, war vessels, steamships, etc.

It  is a generally accepted idea that if the oil is
adapted to the load and speed, the lower the viscosity 
the better lubricant it will be. This, to m y mind, 
holds good only where the service conditions are uni­
form, and where the method of applying the oil to
the bearing and journal is a positive one,- such as in
gravity  or pressure-pump systems. Where the cli­
m atic changes are great, as on railroads, this will not 
hold good.

The load and speed of the railroad trains are the 
same during the summer and winter, and as is well 
known, the practice in this country is to convey the 
oil to the journals by means of oil-soaked waste. 
A  satisfactory thin winter oil with a low cold test and 
low viscosity, containing sufficient lubricating capacity 
to keep the journal and bearing apart, would not be 
suitable during the hot season, not because it has 
not the adequate sustaining power, but because of 
the method of applying it to the surfaces to be lubri­
cated, making it necessary to use a much thicker 
oil than is theoretically required.

Therefore, to make laboratory tests of the relative 
lubricating values of oils considered from a practical 
standpoint and to draw correct conclusions from the 
results obtained, we must consider the kind of machine 
or machines to be lubricated; the speed and the load;

the composition of the metal bearing; whether the 
journals are iron or hard steel; the method of apply­
ing the lubricant, either with wick feed, soaked waste, 
sight-feed cups, flooded bearing or continuous oil- 
circulating system ; the actual service requirements 
and clim atic conditions. We m ust make complete 
chemical and physical tests as near as possible in 
accordance with these conditions. I might with pro­
priety state that one oil cannot be considered a better 
lubricant than another oil unless the service conditions 
and requirements are specified and fu lly understood 
and the laboratory tests made in accordance therewith.

I have spoken of the importance of adequate chemical 
tests in connection with physical and frictional tests. 
The following tests are therefore useful. While in 
some cases it is not necessary to subject the oil to all 
these tests, tîiey are of great importance in connection 
with special or unusual service requirements and 
conditions.

CHEMICAL TESTS.

F la s h  p o in t.
B u rn in g  p o in t.
G ra v ity .
Color.
O dor.
P u r i ty .
G aso lene  te s ts , b e fo re  a n d  a f te r  flash . 
C lo u d  te s t .
C old  te s t .
V iscosity .

E v a p o ra tin g  te s ts , a  g iv e n  tim e  
,a t  2 0 0 °  to  3 0 0 °  F . to  s tu d y  p e r ­
c e n ta g e  o f  v o la tile  a n d  b e h a v io r  
o f re s id u e s  in  8 8 °' g aso lin e  te s ts  
a n d  ac id ity .

H e a t  te s ts , in  a ir  b a th  b low ing  
a ir  o v e r  th e  o il a t  4 2 5 0 F . a n d  
5 4 0 °  F . E x a m in a tio n  o f re s id u e .

E m u ls ify in g  te s ts , to  d e te rm in e  
a d a p ta b i l i ty  o f th e  oil, s a y  in

M icroscop ic te s t  fo r c a rb o n a ceo u s  tu rb in e  serv ice.
m a t te r  in  su sp en sio n . T a r  a n d  co k e -fo rm ing  s u b s ta n c e s

S ap o n ifiab le  fa ts . p re s e n t b e fo re  a n d  a f te r  h e a t  te s t .
F re e  f a t ty  ac id s . O x id a t io n  o r  g u m m in g  te s ts .
P e tro le u m  a d d s .  S u p e rh e a te d  s te a m  te s ts .
S u lp h u r ic  ac id s . C arb o n iz in g  te s t  in  co n n e c tio n
C hem ica ls  fro m  im p e rfe c t refin ing . w ith  a ir  co m p resso r (n o t w a te r  - 
S u lp h u r- la m p  te s ts  a n d  in  w ick . coo led) au to m o b ile  g as-en g in e  
M aum enć te s t .  lu b r ic a tio n .
Io d in e  te s t .  C a p illa r ity  o r  w ick  te s ts .

I will now consider the various tests and their 
importance.

First and Second, Flash Paint and Burning Point.— • 
This test indicates the temperature a t which the more 
volatile elements present in the oil begin to go off 
to such an extent as to give a flash when a small 
flame is moved over and near the surface of the heated 
oil; the so-called open-cup method is generally used, 
and in connection with this test, the heat is continued 
till the oil begins to burn, when the flame test is made.

A  too low flash and fire test m ay be objectionable 
on account of danger from fire; besides, too large a 
loss from evaporation, under given service conditions, 
in connection with the viscosity, congealing point 
or cold test and gravity, the flash and fire test also 
enables the analyst to form an idea of the source of 
the petroleum.

Third, Specific Gravity.— The gravity  enables the 
analyst in m any cases to form an idea whether the 
oil is a Pennsylvania, Virginia or western oil, the 
latter generally having a much higher gravity.

Fourth, Color.— While not of much importance, 
other things being equal, an oil with a  lighter color
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or pleasing appearance is oftentimes preferred to a 
very dark or black colored oil.

Fifth, Odor.— A t times aids in detecting the kind 
and quality of fa t oils in compounded oils.

Sixth, Purity.— Freedom from water, matters in 
suspension, whether clear or turbid, etc.

Seventh, Gasoline Tests.— This test tells you if 
water or other foreign matters are present, tar and 
asphaltic m atter, and if the oil gives a clear solution 
with 88° gasoline before it is heated to take the burn­
ing point, but gives a precipitate with 88° gasoline 
after said test, this indicates petroleum compounds 
which are readily acted upon by heat, and such an 
oil in comparison with another oil, other things 
being equal, would not have the same lubricating 
value.

Eighth, Cloud Test of a lubricating oil is sometimes 
of value in determining the amount of paraifines 
present and the behavior of the oil in chilling down 
to a temperature above congealing point.

Ninth, Cold Test (Congealing point, Melting point).—  
This test together with the viscosity of the oil in 
com parative tests is of much importance in connec­
tion with the service utility of the oil and should be 
given careful consideration.

The method used in determining the cold test and 
melting point, as well as getting at the com parative 
fluidity or sluggishness a t temperatures lower than 
7o ° F . ,  is generally not considered as it should be. 
To illustrate: A  valve or cylinder oil, if the cold test 
was taken b y  the so-called P. R. R. method (that 
is, the oil was frozen direct in ice mixture, and then 
stirred by the thermometer till it  began to flow when 
the bottle is inverted), might show a cold test of 
400 F., and if no further observation was taken one 
would have no idea of the fluidity of 60° to 70 F . ; 
that is, the cold test in the report would give 
4 0 °F ., but in reality the oil at 600 F. would be so 
sluggish that it would hardly feed through the narrow- 
bore feed-pipe to the steam chest and cylinders, and 
unless the analyst knows for a fact that the engineer 
has his pipe covered or warmed in some w ay, trouble 
m ay arise, the oil be condemned, and still the oil 
might be of the best and purest quality.

Again if the congealing point is taken b y  the S. 0 . 
Co’s, method (that is, the oil in the bottle with its 
thermometer inserted is put into a cooling box, grad­
ually  cooled till the oil just ceases to flow when the 
bottle is inverted, or still better, lifting up the ther­
mometer stem from time to time and noting when 
the oil hardly flows from the stem), but without 
further observations this method like the P. R. R. 
does not tell all.

The rate of cooling or chilling, the time the oil 
remains in the chilling or cold test box, plays an im­
portant part in proper interpretation of the com para­
tive value of the oil in actual service. Much more

could be said on this point, but the above allusion 
m ay be sufficient.

Tenth, Viscosity.— This test is the bugbear of 
the oil tester: it m ay mean so much and it m ay mean 
so little. Certainly in m y line of work in connection 
with the cold test and flash point, we might have a 
good idea of the quality  and adaptability of the oil 
with the aid of a good viscosimeter.

As an adjunct to other tests, and a careful study 
and knowledge of the service requirements, I have 
found the viscosity tests of the utm ost value; in fact, 
from m y knowledge of all the analytical data, with 
the aid of the viscosimeter, I can pretty near foretell 
the com parative friction under given conditions 
between two oils.

Eleventh. Microscopic Tests.-— In testing dark-col- 
ored oils, heavy machine oils, and cylinder oils, it  is 
well to put a few drops on a slide and examine under 
the microscope— one m ay find carbonaceous m atter 
in suspension; and paraffine crystals if present a t 
ordinary temperatures will disappear on warming 
the oil, and other foreign matters held in suspension 
will be brought olit.

Certainly an oil, other things being equal, that is 
free or practically so from carbonaccous specks or 
flakes is superior to an oil containing these in some 
quantity.

Twelfth, Saponifiable Fats.— I will not enter into 
a discussion of the methods to determine these, but 
merely point out that two cylinder oils, one contain­
ing 30 per cent, of fat oil and the other only say 
5 to 10 per cent, of fat oil, other things being equal, 
while not of the same intrinsic commercial value, 
m ay have equally good and economical practical lubri­
cating value.

Again a cylinder oil containing 25 to 30 per cent, 
of good fa t oil might give excellent and economical 
results in a steam engine of 100 to 150 pounds pressure 
per sq. in. and where the exhaust steam is not con­
densed or used over again in the boiler, and be very 
objectionable in connection with superheated steam 
and where surface condensers are used. The reason, 
of course, is obvious.

Thirteenth, Fourteenth, Fifteenth and Sixteenth.— Other 
things being equal, the less free fa tty  acids present 
the better.

The presence of petroleum acids, sulphuric acid, 
sulphonates and chemicals from im perfectly refined 
petroleum oils should alw ays be carefully inves­
tigated, as the presence of these foreign materials in 
a lubricating oil, at least for certain im portant ser­
vices, m ight lead to serious trouble and complications. 
A  first-class lubricating oil should be free from, or at 
least only contain traces of, these impurities.

Seventeenth, Sulphur.— In general very little a t­
tention is paid to the sulphur and organic sulphur 
compounds that may be present in a lubricating oil.
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In the future the sulphur in lubricating oils will have 
to be reckoned with when these oils are intended for 
turbine service, or in services where the oil is used 
over and over again as in a continued oil-circulating 
system, where the oil, due to continuous exposure 
to heat, air, moisture, metal wearings, gradually 
becomes oxidized and polymerized, forming acid 
petroleum products, changing it both chem ically and 
physically. The sulphur compounds present in the 
oil largely augment the corrosive or pitting action 
on the bearings and journals under these conditions.

In the examination of lubricating oils for sulphur 
content, it  is important to make a distinction of how 
the same occurs in the oil. I have often found that 
in making sulphur tests by burning a given amount 
of oil in lamps and taking up the products of combus­
tion in carbonate of soda solution, it is necessary 
to consume all the oil in the test lamps, and to make 
a determination of the sulphur compounds left in 
the w ick; in some poorly chemically refined lubri­
cating oils, the sulphur compounds found in the wick 
oftentimes amount to from 20 to 40 per cent, of the 
sulphur present.

Eighteenth, Maumene Test.— The sulphuric acid ther­
mal test is of value in connection with tests of com­
pounded lubricating oils.

Nineteenth, Iodine Test.— Omitted. Refer to stand­
ard text-books.

Twentieth, Evaporating Tests.— A t  temperatures of 
of 212 to 30 0 °!’ ., by exposing the oil in shallow 
flat-bottomed dishes in an air bath at 212 to 300° F, 
for six hours, noting the percentage of loss and con­
dition of residue and its behavior when mixed with 
88° gasoline, we obtain valuable information as to 
the amount of volatile m atter a t low temperatures.

Twenty-First, Heat Tests.— For certain service, such 
as for air compressors not water-cooled, turbines, etc., 
valuable data m ay be obtained by exposing the oils 
in shallow flat-bottomed dishes in a covered air bath 
through which air is blown for six hours at temperatures 
of 425 to 540 0 F .; and study the residue in the dish by 
dissolving the same in 88° gasoline, noting whether 
the gasoline solution is clear or turbid and the amount 
of precipitate, if any, on standing.

Twenty-Second, Emidsifying Tests.— To determine the 
adaptability of an oil for lubrication in turbines of 
the Curtis type (step-bearing) it is of the utmost 
importance to ascertain the behavior of the oil when 
coming in contact with steam through the step-bearing, 
whether it forms a thick, creamy emulsion or separates 
from the steam and condensed water.

FRICTIO N A L TESTS.

To make frictional tests of oils and greases of prac­
tical value requires, as indicated, testing machines 
so constructed that various loads, speeds, size of 
journal and bearings, and methods of applying the

lubricant, comparable to those in actual service as 
well as devices to keep journal and bearing at any 
desired constant temperature during the tests.

The constant temperature tests are of importance 
not only for the purpose of standardizing the machine 
for each test so as to get all conditions, bearing, jour­
nal, and feed, etc., properly regulated before the actual 
tests begin, but equally so in making com parative 
frictional tests of two oils, which have practically 
the same viscosity.

The two oils m ay show practically the same fric­
tion a t a given temperature, but to keep the journal 
and bearing at such temperature, one oil m ay require 
a great deal more water or steam to pass through the 
journal and bearing; again the two oils m ay give prac­
tically the same friction at a temperature of say 
150° or at 1250 F., but great difference at 90° or at 
70° F . ; therefore, the constant temperature frictional 
tests are oi great value in conducting com parative, 
tests.

A s a rule the reports of frictional tests are very 
incomplete; the report should give all the constants 
and data taken during the frictional tests, such as 
area of contact, projected area, total pressure on 
journal in pounds, pressure by square inch in pounds, 
total, maximum, minimum and average friction in 
pounds, and coefficient of friction, temperature of 
journal and bearing number of revolutions and feet 
traveled by rubbing surface per minute, duration of 
tests, constant or freely increasing temperature, 
method and amount of lubricant fed besides complete 
chemical, analytical data.

If two oils or greases are submitted for com parative 
tests where the service conditions are uniform or 
fairly constant, such as in mills or power-houses, the 
com parative viscosity and congealing or fluidity points 
and friction, other things being equal, would establish 
the most economical or suitable oil or grease for the 
service. B u t in making com parative tests, chemical, 
physical and frictional, of lubricants where the service 
conditions vary  much, especially as to clim atic con­
ditions, it should be borne in mind that while the two 
oils submitted m ay show considerable difference in 
viscosity, congealing or fluidity point and friction, 
one oil m ay be equally good for the service require­
ments as the other; that is, supposing a  consumer 
requests two oil manufacturers to submit samples for 
com parative tests. T h ey m ay submit one sample 
intended to do the service for the whole year, or they 
may submit samples for the different seasons which 
latter would be the proper thing, then the samples for 
each season could properly be subm itted to com ­
parative frictional and other tests, otherwise not.

GALENA OIL T ESTIN G  M ACHINE.

This machine was specially constructed and built 
for the Galena-Signal Oil Company, by Tinius Olsen &
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F ig . 4 .— D r. C has. B. D u d ley  v isc o s ity  p ip e tte .

the test journals to the machine are 4 1 / 4  x  8 in. and 
5 x  9 in.; by means of a leverage, screw and spring 
balance system, varying loads up to 20,000 pounds 
can be applied on the test journal while the machine 
is running in either direction, at any desired speed 
up to its maximum.

The machine is provided with a very complete and 
ingenious leverage and balancing system for auto­
m atic measuring and weighing of the load indicated 
on a dial and the friction in pounds on the periphery 
of the journal recorded on the scale beam in front 
of the machine.

It  is provided with temperature indicator, revolu­
tion counter and tachometer, besides an autographic 
arrangement which shows the friction corresponding 
to the number of turns the machine makes.

The test journals and bearings are provided with 
a device for passing either water or steam through 
during the tests.

Arrangements for any desired method of applying 
the lubricant during the test are also provided.

The m otive power is an electric motor of special 
construction so that the machine can be run in either 
direction at any desired speed, from the slowest to 
the fastest or vice versa during the test, without 
having to stop the same.

V IS C O S IM E T E R S .

, The cuts show two viscosimeters, the Redwood
and Dudley pipette; the Redwood viscosimeter as 
shown in the cut is so well known that no further 
description is necessary.

The Dudley pipette as seen is a 100 cc. pipette 
with a mark on the stem both above and below the 
bulb; the viscosimeter is placed in a closed box pro­
vided with a glass door, and the temperature in the 
box kept during the test a t the same temperature as 
the oil; this is of the greatest importance, taking 
the viscosity with an instrument of this kind.

In connection with the foregoing the following
tables are of interest.

Table 1.— Nos. 1, 2, 3, 4 and 5 are the same oil
fractionated b y  means of Florida fuller’s earth. While 
the flash and fire test and gravity  remain practically

F ig . 5 .— R ed w o o d  v isco s im ete r.

Co., Philadelphia, and is the largest and most complete 
ever made in this country, having a capacity up to 
20,000 pounds load on the test-bearing.

I t  is constructed in such a w ay that full-size M. 
C. B. car journal boxes and bearings can be inserted;
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the same, with changes in color and some in viscosity, congealing points or degrees of fluidity a t different
the congealing or fluidity point has as seen during the temperatures.
successive stages m aterially changed from the original Table 4 gives results of frictional tests on 
No. 1. Nos. 6 and 7 represent an oil before and after the Carpenter frictional machine a t Cornell U niversity
being in continuous service in an oil-circulating system  of a Galena railway summer oil, with increasing load
about ten months. Here again the flash, fire and on the journal from 135 pounds to 878 pounds per
gravity  tests remain practically the same, but the square inch— a sort of endurance test to determine
congealing point and body or viscosity have greatly the load capacity of the oil. From the results obtained

T a b l e  1 .— L u b r i c a t i n g  O i l s .
I. 2 . 3. 4. 5. 6 . 7.

F la s h  p o in t ................................................ ..........  36 5 °  F . 3 7 0 °  F . 3 7 0 °  F. 37 0 °  F. 3 7 0 °  F . 4 1 0 °  F. 4 1 5 °  F .
B u rn in g  p o in t ............................................. .......... 4 4 0 °  F . 44 0 °  F. 4 4 0 °  F . 4 4 0 °  F . 4 4 0 °  F . 4 7 0 °  F . 4 8 0 °  F .
G ra v . a t  6 0° F ......................................... 3 0 .7 °  B . 3 0 .5 °  B . 3 0 .3 °  B . 3 0 .2 °  B . 2 3 .0 °  B. 2 2 .8 °  B .
C o lo r.............................................................. Y ellow ish O ran g e  = R e d D eep  red R e d D a rk  re d
C old  t e s t ...................................................... +  18° F . +  2 5 °  F . +  2 5 °  F . +  2 5 °  F . +  5 °  F. +  2 0 °  F .
V isco s ity  (P . R . R .)  p ip e tte :
A t  125° F ..................................................... ____ 98 92 94 94 93 85 162
"  100° .......................................................... 149 148 153 151 143 309
*' 9 0 ° .......................................................... ____ 205 184 192 195 195 188 410
“  8 0 ° .......................................................... ____ 271 238 249 254 254 253 D ro p s

changed during continuous service. Petroleum acids some interesting curves as to friction and temperatures
and polymerized products ¿ave formed to a considerable could be plotted. The main point, however, is to show
extent; the adaptability or durability of an oil like that the oil after the pressure on the journal gets
this is seriously questioned for the service in which above 400 pounds per square inch, and to the max-
it is used. H ave we any laboratory test (frictional, imum load used in the test, the coefficient of friction
physical, or chemical) that would reveal the unstable- remains practically stationary, and would give a
ness of this oil? This is a practical question that nearly horizontal curve. From a practical stand-
practical men want to know, and to make laboratory point this information is of great value, 
tests of real practical value, problems of this nature Table 5.— We find first three series of tests at 
must be satisfactorily worked out and answered. constant but ^different temperatures; second, two

T a b l e  2.— G a l e n a  C a r , C o a c h  a n d  E n g i n e  O i l s , S h o w i n g  W i d e  R a n g e  o p  V i s c o s i t y  a n d  C o l d  T e s t .

D u d le y  v isc o s ity  p ip e tte , 100 cc. w a te r  a t  6 0° F . (15 .5° C.) 32 sec.
R ed w o o d  v iscosim cte r, 50 cc. rap e -see d  oil a t  6 0 °  F . (15 .5° C.) 535 sec.

V isco sity  ta k e n  a t  100° F . (37 .7 °  C.).

1. 2. 3 . 4 . 5. 6 . 7. 8 . 9. 10. 11. 12. 13. 14. 15.

T im e  in  seconds.

D u d le y ......................................... 104 125 140 162 177 195 220 252 276 300 320  348  375 401 426
R e d w o o d ....................................  151 183 204 240 260 283 335 378 392 444 480  510 556 595 650

V isco s ity  ta k e n  w ith  D r. D u d ley  v isco s im cte r, 100 cc . w a te i a t  6 0 °  F . (15 .5 °  C.) 32 sec.
I n s t r u m e n t  k e p t  in  a ir  b a th  a t  s am e  te m p , o f th e  oils.

T im e  in  seconds.

125° F . (5 1 .6 °  C .) ......................................................................... 67 71 86 109 125 138 150 171 197
100° F . ( 3 7 .7 °  C . ) . ......................................................................  96 99  132 185 214 247 277 318  370

9 0 °  F . ( 3 2 .2 °  C .) ......................................................................... 115 124 170 243 291 321 362 422 509
8 0 °  F . ( 2 6 .6 °  C .) ...................................•..................................... 141 156 216 318 380  439  501

F la s h  p o in t G ra v . a t  6 0 °  F .
S u m m e r: o p e n  cu p . B u rn in g  p o in t . B aum d . C old  te s t .

C a r .................................................................... 3 5 0 -3 8 0 °  F . 4 2 5 - 4 5 0 ° F . 2 6 .1 - 2 7 .7 °  + 2 0 - + 4 0 °  F .
E n g in e ............................................................  3 5 0 -3 S 0 ° F . 4 2 5 -4 5 0 °  F . 2 5 .4 - 2 6 .4 °  + 2 0 - + 4 0 °  F .
C o ach ............................................................... 3 5 0 -3 8 0 °  F . 4 2 5 -4 5 0 °  F . 2 4 .3 - 2 4 .6 °  + 2 0 - + 4 0 °  F .

W in te r :  «
C a r .................................................................... 2 1 0 -3 0 0 °  F . 2 6 0 -3 8 0 °  F . 2 7 .4 - 2 9 .0 °  — 5 - + 1 0 ° F .
E n g i n e . . . .  ....................................... 2 1 0 -3 0 0 °  F . 2 6 0 -3 8 0 °  F . 2 6 .6 - 2 7 .9 °  — 5 - + 1 0 ° F .
C o ac h ..............................................................  2 1 0 -3 0 0 °  F . 2 6 0 -3 8 0 °  F . 2 5 .5 - 2 6 .4 °  — 5 - + 1 0 ° F .

Table 2 gives comparison between two visco- series of great difference in speed (300 and 600 r. p. m.),
simeters, and illustrates the wide variation in con- all other things being the same; third, com parative
gealing points or cold tests and viscosities possessed tests of a purely vegetable oil (rape-seed) with a com-
b y  first-class railroad car lubricating oils; a close pounded petroleum oil (Galena lead-oxide process)
study of this table is of great assistance to the prac- with viscosities not far apart, as measured with the
tical user of lubricants. pipette viscosimeter; fourth, the difference in friction

Table 3 is of great interest in connection with of the two oils a t the slower speed (300 r. p. m.) is
viscosity and cold test or fluidity of cylinder oils very small, while the difference at the greater speed
both compounded and straight petroleum oils, indi- (600 r. p. m.) is considerable, the Galena oil having
eating the necessity of additional data in taking the a much lower friction. This is very instructive when
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we consider the nature of these two oils, as well as Second, the necessary requisites or qualities that 
the great load and speed. a first-class lubricating oil should possess in a  high

Table 6 gives an interesting comparison be- degree m ay be enumerated as follows: Necessary body
tween a winter and summer Galena car oil. Both to withstand the severest pressure in the service for
have sufficient body to carry the heaviest load and which the oil is intended, so as to keep the rubbing
speed in railroad service, but owing to the present surfaces apart, forming a continuous film between
method of conveying the oil to the car journals, a the same, filling up the inequalities in the surfaces;
thick and sluggish oil with an unnecessary high vis- the quality of spreading itself rapidly over the rubbing
cosity is or has to be used during the warm or hot surfaces, with the requisite degree of adhesive power
weather, naturally increasing the total train journal to remain between the rubbing surfaces without crea-
resistance, which, of course, means excessive coal ting undue friction and heating; requisite m obility or
consumption. Note the great difference in the fric- fluidity at all seasons of the year, and all climates

T a b l e  3.—-C y l i n d e r  O i l s .

i . 2 . 3. 4. 5. 6 . 7. 8.

F la sh iu g  p o i n t .......... 56 0 °  F . 595° F . 5 2 5 °  F . 52 5 °  F . 52 0 °  F . 51 5 °  F . 5 4 5 °  F . 5 5 0 °  F .
B u rn in g  p o i n t ............ 60 0 °  F . 6 0 0 °  F .
C o lo r.............................. V e ry  d a rk L ig h t filte r L ig h t f ilte r L ig h t f ilte r L ig h t f ilte r R ed d ish D a rk
V isco sity  ( S a y b o lt) a t

212° F ...................... .............. 196 212 126 146 112 83 136 145
Cold t e s t ........................ 4 -3 0 °  F . 4 -4 8 °  F . +  5 5 °  F . +  60° F . +  5 0° F . +  5 5 °  F . + 4 0 °  F . +  3 2 °  F .
B a re ly  flow s from

th e rm o m e te r  a t .  . . 4 -30° F . 4 -5 0 °  F . 5 5 °  F. +  6 0° F . +  5 0 °  F . -t- 55 3 F . +  3 2 °  F .
F a ir  a t .......................... . 4 -4 0 °  F . +  60 d F . +  6 0 °  F. +  65° F . +  6 0 °  F . +  6 0 °  F . +  4 0 °  F .
F a ir  to  good  a t ........... +  5 0 °  F . +  70° F . +  70° F . +  70° F . +  70° F . +  7 0 °  F . +  4 5 -5 0 °  F .
Q u ite  th ic k  a t ........... . +  6 0 -6 5  ° F . +  7 0 -8 0 °  F . +  7 0 -7 5 °  F. +  7 0 -8 0 °  F . +  7 0 -8 0 °  F. +  7 0 -8 0 °  F . ____ +  6 0 °  F .
S ap o n ifiab le  f a t ........ . 10% 33%

tional resistance between these oils. Practical rail- from the coldest to the hottest, without impairment
roaders should ponder a little more on these facts of the necessary intrinsic lubricating body for the
and utilize such knowledge. required service ; durability, freedom from mineral

In conclusion, what function should a lubricant and organic impurities, tarry and asphaltic matter,
perform? W hat are the necessary requisites or unaffected by atmospheric conditions, non-drying,
qualities that should be inherent in a  first-class lubri- non-gumming; these are the essential qualities that
eating oil? These are trite questions, and will be a first-class lubricating oil should and must possess
answered briefly: in a high degree.

First, the function of a lubricant is to keep the Y e t  no m atter how excellent and suitable a material 
rubbing surfaces (journal and bearing) apart to prevent or machine m ay be if it is not properly applied or used,
undue abrasion, friction and heating. the best and most economical results are not obtained.

T a b l e  4.— F r i c t i o n a l  T e s t s  o p  G a l e n a  S u m m e r  O i l , C a r p e n t e r  M a c h i n e .

B ea rin g  m e ta l, b ra s s ; jo u r n a l ,  s te e l; b e a rin g  s u rfa c e ; le n g th , 3 .9  in .;  d ia m e te r , 3 .75  in . ,  w id th , 1.9 in .;  a rea , 7.4 in .
N u m b e r o f te s t . 1. 2 , 3. 4. 5. 6 . 7. 8. 9.

P re s , on  jo u r .,  lb s . to ta l . . 1000 2000 3000 3500 4000 5000 5500 6000 6500
P res , o n  jo u r .,  lb s. p e r  sq . i n ......... 135 270 405 475 540 675 743 S 10 878
M eth o d  o f lu b ric a tio n . . ., F lo o d in g  b ea rin g .
M in. cocf of f r ic t io n ........... .020 0 .0 1 9  0 .0 1 6 3 0 .0 1 6 0 .0 1 5 6 0 .0 1 5 8 0 .0 1 5 3 0 .0 1 5 2 0 .0151
M ax. te m p , o f  jo u rn a l F  . 109 114 115 118 122 13* 136 140 144
T e m p e ra tu re  o f  ro o m  F  ., 68 68 68 69 68 70 71 71 71
E lev . te m p . jo u r . a b . ro o m .............. 41 46 47 49 54 64 65 69 73
R ev . o f  jo u rn a l p e r  m in .. 215 220 220 220 223 220 220 220 185
F t.  tr a v .  b y  ru b b in g  su rf p e r  m in . 211 216 216 216 219 216 216 216 182

T em p . T e m p .
R ev . jo u r ­ T o t. R ev . jo u r T o ta l
p e r n a l, fr ic .. Coef. per n a l, fric .. Coef.

T im e. m in . F . lbs. fric . T im e. m in. F . lbs. fric .
1: 8 .4 0 210 106 20 0 .0 2 0 6 : 1 0 .5 0 220 133 7 9 .1 0 .0 4 5 8

45 218 107 20 0 .0 2 0 55 220 134 7 9 .1 0 .0 1 5 8
50 216 109 20 0 .0 2 0 11 .0 0 220 134 79 .1 0 .0 1 5 8

2: 9 .0 0 220 112 38 0 .0 1 9 7: 11 .10 220 135 8 4 .0 0 .0 1 5 3
05 222 114 38 0 .0 1 9 15 219 136 8 4 .0 0 .0 1 5 3
10 218 114 38 0 .0 1 9 20 221 136 8 4 .0 0 .0 1 5 3

3 : .  9 .2 0 220 114 49 0 .0 1 6 3 8 : 11 .30 220 138 9 2 .0 0 .0 1 5 3
25 220 114 49 0 .0 1 6 3 35 21S 140 9 2 .0 0 .0 1 5 3
30 220 117 49 0 .0 1 6 3 40 221 140 9 2 .0 0 .0 1 5 3

4: 9 .4 0 220 117 56 0 .0 1 6 9: 1 1 .5 0 214 142! 10 4 .0 0 .0 1 6 0
45 220 117 56 0 .0 1 6 55 180 144 1 0 4 .0 0 .0 1 6 0
50 220 118 56 0 .0 1 6 58 160 145 1 0 4 .0 0 .0 1 6 0

5: 1 0 .0 0 216 120 63 0 .0 1 5 7 10:1
05 218 121 63 0 .0 1 5 7
10 234 122 63 0 .0 1 5 7

1 J o u rn a l  s to p p e d  a t  11.58; p re s su re  6500 lbs.



S O M M E R  ON M E T H O D S  O F  A S P H A L T  E X A M I N A T I O N . 181

This has brought about the idea of oil manufacturers 
em ploying practical and experienced men educated 
in actual service to follow up and watch the proper 
application and economic use of the various lubri­
cating oils and greases. These men have demon­
strated, not only to their employers, but also to the 
consumer, the practical and economic value of their 
educational work.
T a b l e  5.— C o n s t a n t - T e m p e r a t u r e  T e s t s , G a l e n a  O i l  T e s t i n g  M a ­

c h i n e .

C o m p a ra tiv e  f r ic tio n a l te s ts  b e tw e en  p u re  rap e -see d  o il a n d  w in te r  
tG a le n a  ra i lro a d  c a r  o il (zero  co ld  te s t  o il).

S tee l jo u rn a l,  size 5" X  9"; b e a rin g , g en u in e  b a b b i t t ;  to ta l  lo a d  on  
b ea rin g , 10.000 lb s .;  p ro je c te d  a re a , 15.5 sq . in .

A rea  o f c o n ta c t,  16.40 sq . in .
P re s su re  p e r sq . in . p ro je c te d  a rea , 645 lbs.
M an n er o f lu b ric a t io n , o il -b a th .
300  re v o lu tio n s  p e r  m in . «  392.5  f t .  su rface  speed , a v e ra g e  fric tio n  of 

fo u r te s ts  fo r each  te m p e ra tu re .
R ap e -se e d  oil. \V in te r  G a le n a  cru- oil.

T o ta l fric . Coef. of T o ta l fric. Coef. of
in  lbs. fr ic tio n . in  lbs. fr ic tio n .

5 0° F .. 2 1 .0 6 0.00211 5 0 °  F . . . . 2 0 .3 7 0 .0 0 2 0 5
7 0° F .. 1 5 .375 0 .0 0 1 5 4 7 0° F . , . .1 4 .5 4 0 .0 0 1 4 6
9 0° F ., 1 3 .875 0 .0 0 1 3 9 9 0 °  F . .  . .1 2 .7 5 0 .0 0 1 2 8

600 re v o lu tio n s  p e r  m in . «= 785 f t. su rface  speed , a v e ra g e  fric tio n  o f fou r 
te s ts  fo r each  te m p e ra tu re .

R a p e -see d  oil. W in te r  G a le n a  ca r oil.

T o ta l  fric . Coef. of T o ta l fric . Coef. o f
in  lbs. fr ic tio n . in  lbs. fr ic tio n .

5 6 °  F ...........2 6 .2 5 0 .0 0 2 6 3 6 0 °  F . .  . . . 1 9 .9 4 0 .0 0 1 9 9
70 °  F ...........2 5 .3 7 5 0 .0 0 2 5 4 7 0° F . .  . . . 18 .31 0 .0 0 1 8 3
90 °  F ...........19 .75 0 .0 0 1 9 8 9 0 °  F . .  . . . 15 .31 0 .00153

V isco s ity  (P . R . R .) :
R a p e -see d  oil. W in te r  G a le n a  c a r  oil.

A t  125° F ......... .. 72 u n its
100° F ............ . . . 1 2 5  “ 104 M
9 0 °  F ............___ 141 “ 125 “
8 0 °  F ........... ___ 186 “ 160 "

Cold t e s t ................. — 5 °  F .

B y  c o n s ta n t  te m p e ra tu re  is m e a n t t h a t  th e  o il -b a th  a n d  b e a rin g  is k e p t  
a t  u n ifo rm  c o n s ta n t  te m p e ra tu re  d u rin g  th e  w ho le  t im e  o f te s t ,  w h ich  la s ts  
n o t less th a n  o n e  h o u r  a f te r  th e  d e s ire d  c o n s ta n t te m p e ra tu re  of oil an d  
b ea rin g  is  reac h ed .

The importance of this ‘ ‘ following u p ” is far-reach- 
ing. I t  has gradually brought about much more 
system atic and uniform method or methods in lubri­
cation, it has brought about greater economy in 
the consumption of lubricating oils, and at the same 
time demonstrated better lubrication; in fact, in 
m any instances brought down the consumption of 
oil from 50 to 100 per cent., without impairment of 
the best and most economic lubrication. This, of 
course, means a saving of large sums of money by the 
consumers, and satisfaction to the company in the 
knowledge of giving its patrons the best possible 
service.

From  these remarks, you will readily appreciate 
that to make laboratory tests of lubricants of real 
practical value, not only to the consumer but also to 
the manufacturer, involves considerable technical and 
practical knowledge and experience, besides full and 
complete laboratory equipment, and the chemist or 
engineer who is  called upon to give a qualified opinion 
as to the relative, com parative lubricating values of 
two oils or greases for a given service, considered from

a practical and economical service standpoint, has 
indeed a difficult and oftentimes thankless task to per­
form.
T a b l e  6 .— C o n s t a n t - T e m p e r a t u r e  T e s t s , G a l e n a  O i l  T e s t i n g  M a c h i n e .

S tee l jo u rn a l, 5" X 9*; b ro n z e  b e a rin g ; 7800 lbs. to ta l  lo a d  on  b ea rin g ; 
300  lbs. p re s su re  p e r  sq . in .; 27 .7  sq. in . a re a  o f c o n ta c t;  363 re v . p e r  m in . 
=  475 fe e t su rface  sp eed ; m a n n e r  o f  lu b ric a t io n , o il -b a th ; a v e ra g e  fric tio n  
o f fo u r te s ts  fo r each  te m p e ra tu re .

G a le n a  w in te r  G a le n a  s u m m e r
c a r  oil, c a r  oil,

T e m p . 6 5 °  F . lbs. lbs.

F r ic tio n , r i g h t ..................... 1 8 .5 0  18 .5 0 4 1 .0 0  4 1 .0 0
F ric tio n , le f t ......................... 1 8 .5 0  1 8 .5 0 4 1 .5 0  4 1 .5 0

F ric tio ij , a v e ra g e ................ 18 .5 0 41 .25

Coef. o f f r ic ...........................
M ean re s is ta n c e  p e r  sq. in . of

0 .0 0 2 3 7 0 .0 0 5 2 9

su rfa c e .................................. 0 .6 6 5  lb . 1 .4 8 9  lbs.

T e m p . 8 0 °  F .
F ric tio n , r i g h t ...................... 1 5 .5 0  15 .00 2 9 .5 0  2 8 .5 0
F ric t io n , le f t ........................ 1 5 .0 0  15 .00 3 0 .2 5  2 9 .5 0

F ric tio n , a v e r a g e ................. 1 5 .125 2 9 .4 4

Coef. o f f r ic .............................
M ean re s is ta n c e  p e r  sq . in of

0 .0 0 1 9 6 0 .0 0 3 7 7

su rfa c e .................................. 0 .5 4 6  lb . 1 .0 6 3  lbs.

T e m p . 100° F .
F r ic t io n , r i g h t ....................... 11 .2 5  11 .00 2 0 .0 0  2 0 .0 0
F ric t io n , le f t ......................... 1 0 .0 0  1 0 .0 0 2 0 .0 0  2 0 .0 0

F ric t io n , a v e ra g e ................. 10 .563 2 0 .0 6 3

Coef. of f r ic ............................
M ean  re s is ta n c e  p e r  sq . in of

0 .0 0 1 3 5 0 .0 0 2 5 7

su rfa c e ................................... 0 .3 8 2  lb . 0 .7 2 4  1b.

T h e  m e an  re s is ta n c e  p e r  s q u a re  inch  o f su rface  o b ta in e d  b y  d iv id in g  th e
/e ra g e  to ta l  fr ic tio n  b y  th e  n u m b e r o f s q u a re  in ch es  (27.7) a re a  o f  c o n ta c t .

G a le n a  w in te r  ca r. G a le n a  su m m e r ca r.

F la sh in g  p o in t ....................... 3 9 5 °  F .
B u rn in g  p o in t ........................ . . .  3 7 0 °  F . 4 5 5 °  F .
G ra v ity  a t  6 0 °  F .................. . . .  2 7 .3 °  B é. 2 4 .3 °  B é.
Cold t e s t .................................. . . .  + 2 °  F. +  3 6 °  F .
V isco sity  (P . R . R .) :
P ip e t te , a t  125° F .

100° F . 
9 0° F . 
8 0° F .

83 u n its  
124 “ 
156 11 
201 “

189 u n its  
343 “ 
473 “

M ETHODS OF ASPHALT EXAMINATION.
B y  A l b e r t  S o m m e r .

R ec e iv ed  M arch  16, 1910.

The present chemical knowledge of bituminous 
substances is undoubtedly most limited, and their 
practical chemistry is confined to the most rudim entary 
tests, basing on “ rule of thum b”  methods rather 
than on an exact system  of chemical analysis. The 
lack of such scientific analytical methods has alw ays 
been felt more or less keenly, but never more than 
at present.

The commercial importance of bituminous products 
has been vastly  increased by the application of those 
m aterials to country roads, and the following dis­
course deals largely with asphaltic m aterials applicabi- 
for that purpose.

Bitum en available to-day for this purpose originates 
largely from the following sources;
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A. Residuals.

2.

1. So-called “ n a tiv e” bitumen, 
such as deposits of Trinidad, 
Bermudez and similar ones. 

Residues from crude petro­
leum oil. These m ay be 
divided into:

(а) Residue from pure as­
phaltic oils.

(б) Those from semi-asphaltic 
oils.

(c) And, also sometimes those 
from straight paraffine oils. 

B. Distillates or ( 3. Coal gas tar.
Pyro Products \ 4. W ater gas tar.

Inasmuch as all “ n atu ral”  asphalts in class 1 
undoubtedly represent residuum of petroleum, evap­
orated b y  natural causes, there is no strict dividing 
line between those products and the ones originating 
from asphaltic petroleum, reduced artificially in stills; 
and there being no essential, chem ically differentiating 
features, any qualitative discrimination is unwarranted.

Furthermore, in order to become applicable, these 
natural products have to be softened by “ fluxing,” 
or the addition of oil residuum (especially in the case 
of softer road asphalts) which latter then more and 
more predominates and transfers into the compound 
its own characteristics.

Tar,- however, and its derivatives are distillates 
or pyro-bitumen and naturally totally different from 
the previous two divisions.

The following is confined to a short description of 
methods either entirely new, or recently applied to 
asphaltic materials.

1. Specific Gravity.— I t  is remarkable how little 
attention has been paid to this part of bituminous 
research, whereas specific gravity  is alw ays one of 
the first means of identification of oils and other liquids.

—  S L E E V E  ■ —  C U ? -

■ T L Ä .N G E - •C O V E R -

/ \

A pp aratus for determ ination o f specific g ra v ity .

N aturally the difficulties in determining the gravity  
of asphalts were considerable, inasmuch as by means 
of the hydrometer the gravity  has to be taken at 
a temperature far above the ordinary one, and again, 
to take the gravity  in a common pycnom eter is also 
connected with the greatest difficulties on account 
of the shrinkage of bituminous materials when solidi­
fying. A n apparatus b y  which it is possible to deter­
mine the specific gravity  of bitumen, in a quick and 
accurate w ay, in its normal consistency, was described 
b y  the author in a paper read before the American, 
Society for Testing Materials, in July, this year. 
The principle of the method consists in letting the 
asphalt chill in a vessel consisting of two parts, the 
upper part of which takes up the shrinkage and is 
removed after the asphalt is chilled to a normal 
temperature. The lower part contains exactly  10 cc. 
and the gravity  can be ascertained either b y  weighing 
out directly or b y  suspending the lower cup from a 
special hydrometer in water of I5-5°C .

2. Determination of Asphalt.— T o one not fam iliar 
with commercial conditions it m ay appear peculiar 
upon first sight to hear of “ percentage of asphalt”  
where asphalt has not as yet been chem ically defined, 
and cannot, therefore, be determined like other 
chemical individuals. Nevertheless, in m any instances 
it is essential to give a determination which is com­
mercially satisfactory; hence a. number of methods 
have been devised which are necessarily more or less 
arbitrary. The importance of determining asphaltic 
contents has become more appreciated since the 
introduction of sem i-liquid' asphaltic substances in 
the building of roads, for making so-called “ bituminous 
m acadam .” I t  m ay be stated that the only reason 
for applying bitumen of such consistency is the necessity 
of incorporating it with cold stone under ordinary 
conditions; hard asphalt (such as is used in sheet 
asphalt pavement) would chill in contact with cold 
stone, and is therefore excluded, though it would 
otherwise be chosen, inasmuch as a certain hardness 
is required to make a satisfactory and permanent 
binder. For this reason such “ co ld ”  macadam 
binders must combine the highest percentage of hard 
asphalt with the highest possible fluidity, in order 
to be applicable; therefore the determination of 
asphaltic content in the same is of utm ost importance 
to the purchaser of such materials. U nfortunately 
the difficulties are great and it can by no means be 
stated that they have at this date been solved. The 
present means of ascertaining the percentage of 
asphalt in such compounds are the following:

(a) Precipitation with petroleum ether.
(b) Precipitation witli alcohol-ether.
(c) In case of soft ’ materials, evaporation until 

a  certain consistency is reached.
It  might be said that methods “ a ”  and “ b ”  tend 

to determine the percentage of asphalt b y  a chemical
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reaction, precipitating a part of the same, while 
method “ c ”  would define this percentage by reducing 
the bitumen to a certain, fixed, physical consistency, 
pronouncing anything “ asphalt”  which has that 
consistency or is harder. A s to the first method with 
petroleum ether, it  is known that petroleum ether 
precipitates the so-called “ asphaltenes,”  whereas 
it dissolves the so-called “ petrolenes.”  The difference 
between the two, however, is not sharp, as they are 
by no means defined chemical individuals, and their 
ratio is largely dependent on the solvent power of the 
petroleum ether used. U sually this ether is specified 
by gravity  alone; for instance 86° Beaumd (=  0.6480 
specific gravity) but it has been shown by numerous 
investigations by Holde, and also in the writer’s lab­
oratory, that petroleum ethers distilled from different 
crudes have different solvent power and that, there­
fore, beside the gravity, a distillation test should 
also be specified as lately recommended by Holde, the 
combination of both insuring absolute uniformity. 
Holde calls a petroleum ether of definite specific gravity  
and distillation “ normal benzine.” 1 In our laboratory 
we apply a distillate of 86° Beaum6 gravity, distilling 
between 100 and 240° F . This combination of 
gravity  and distillation tests insures a Pennsylvania 
product and therefore absolute uniformity in the 
results of precipitation. The precipitation by petro­
leum ether is of course not a direct measure for the 
real contents of asphalt, as it permits only of an ap­
proxim ate estimation of the same by the percentage 
of asphaltenes, provided that the nature of the bitumen 
is previously known; and furthermore, if the asphaltic 
material contains some light distillates, these very 
frequently act as a solvent and hence the precipi­
tation with 86° naphtha shows less asphaltenes than 
it would if those light oils were not present. In the 
writer’s laboratory this precipitation is performed 
by the following method:

Tw o grams of asphalt are weighed into a 100 cc. 
Jena glass flask, covered with 75 cc. of the normal 
petroleum ether mentioned above, and shaken until 
the entire asphalt is disintegrated. The flask is then 
allowed to. stand over night, after which the solution 
is decanted and the precipitate poured into a small 
filter. A n additional quantity of petroleum ether 
is then poured into the flask, rinsed and also poured 
through the filter, this being repeated with additional 
quantities of petroleum ether until the same runs 
off from the filter clear in color. A fter this a quantity 
of benzene is poured into the flask, which will dis­
solve all precipitate which m ay stick to the glass; 
then a  weighted china dish is placed under the filter 
and the same benzene poured through the filter, the 
solution being received in the china dish. Benzene 
is applied in small quantities until all the asphalt

1 N o rm a l p e tro le u m  e th e r  m ig h t b e  p re fe ra b le  to  n o rm a l b e n z in e  on  
a c c o u n t o f th e  s im ila r i ty  b e tw e en  “ b en z in e  a n d  b en z en e .” — E d .

precipitated in the bottle, as well as on the filter, is 
dissolved and contained in the china dish. The 
benzene is then evaporated on the water bath until 
the dish has attained constant weight. .

Should the asphalt contain anything non-soluble 
in CS,, this of course will have to be deducted from 
the asphaltenes before figuring their percentage.

Precipitation by Ether-alcohol.— This method is not 
much in use in this country, although it combines 
a good many advantages, as will be shown further 
below by experimental data. Ether-alcohol pre­
cipitates not only asphaltenes but also the softer 
components of asphalt, and is therefore used especially 
to determine the total amount of asphaltic m atter 
in crude oils, etc. The tables below will indicate 
that the method can also be well adopted for the 
determination in fluxes and harder bitumen.

The procedure for such grades is as follows:
Tw o grams of the asphalt are weighed into a 100 

cc. graduated cylinder with a well-fitting glass stopper, 
and 40 cc. of a m ixture of alcohol-ether, consisting 
of four parts alcohol and three parts ether, poured 
in the same cylinder. The same should then be at­
tached to a shaking device and shaken well for about 
tw enty minutes. A fter this time it should be left 
to stand over night, and should be filtered in the same 
manner as described with petroleum ether, only the 
same m ixture of alcohol-ether should be used until 
all the soluble parts are removed from the precipitate. 
Benzene is then used in the same manner as above 
described, and the weighing and calculation made in 
the same manner as with the asphaltenes.1

Determination of Asphaltic Contents by Evaporation.—  
T his is the one most generally used in this country, 
especially on softer bituminous products. A  certain 
quantity of asphalt is evaporated in a dish of certain 
dimensions, at a certain temperature. The loss 
is taken and consistency of the residuum determined 
b y the usual methods such as penetration, i. e., the 
number of tenths of mm. which a needle, weighted 
w ith 100 grams, penetrates in the asphalt at 25 ° C . 
Ten mm. of “ 100 penetration” is usually the chosen 
standard, and the percentage of remainder of that 
consistency usually called “ asphaltic contents.”  U n­
fortunately the percentage thus found is not always 
the real one, as will be shown in the following:

Regardless of origin, there are two classes of such 
binders on the m arket at present.

1. Semi-liquid oil residuum, which is drawn from 
the stills of a consistency which makes it applicable to 
cold stone because of its physical characteristics alone.

N atural and lake asphalts such as Trinidad and 
Bermudez, fluxed with oil residuum to consistency, 
would of course also belong to this class.

1 I n  th e  case o f o ils w h ich  a re  v e ry  r ic h  in  p a ra ffin e  th is  m e th o d  som e­
tim es  p re c ip ita te s  p a r t  o f th e  l a t te r  also. T h e re fo re  th e  p re c ip ita te  o f 
such  o ils sh o u ld  b e  re p e a te d ly  e x t ra c te d  w ith  h o t  alcohol.
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2. So-called “ cut b a c k ” materials which are made 
from a  hard but pliable asphalt b y  the addition of 
enough light distillate to render the compound ap­
plicable, with the view  of having the liquid serve 
only as a thinner or vehicle, much the same in prin­
ciple as thinning varnish.

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

C om pound R es id u a l R es id u a l R es id u a l
“ A " flux  “ B " flux  “ C " flu x  " D "

(a s p h a lt (a s p h a l t (sem i- (sem i-
b ase). b ase ). paraffine). p a ra ffin e ).

1. G ra v ity , s p e c if ic ............. 0 .9 8 6 0 .9 8 0 0 .9 6 3 0 .9 8 0
B e a u m é .................. .............. 12 1 2 .9 1 5 .4 1 2 .9

2. V iscosity , E n g le r , a t
100° C., 50 cc. r u n .......... 195 sec. 150 sec. 62 sec. 165 sec.

3. A sp h a lt b y  8 6 ° n a p h th a 1 4 .7 2 % 4 .5 6 % 2 .3 0 % 4.2%
4 . A sp h a lt  b y  a lcoho l

e t h e r ..................................... 3 5 .4 0 % 1 7 .2 0 % 1 8 .1 0 % 4 1 .3 2
5. A sp h a lt  b y  e v a p o ra tio n : 

(a) P e r  ce n t, o f 100 p e n e ­
tr a t io n  r e s id u e ......... .. 88% 8 0 % 6 8 % 88%
(6) T im e  o f e v a p o ra tio n l 1/* hrs- 10 h rs . 12%  h rs. 10 h rs .

6 . E n g le r  d is ti l la tio n :1
16%  d is ti lle d  o ff ,b o il’g 170° C. 2 0 5 °  C. 2 9 5 °  C. 2 6 6 °  C.
5 %  off a t ........................ 2 0 0 °  C. 3 2 5 °  C. 3 5 0 °  C. 35 0 °  C.
10%  off a t ............ .. 26 0 °  C. 3 v5 0 C. 3 6 0 °  C. 3 6 0 °  C.
16%  off a t ...................... 34 0 °  C. 3 6 1 °  C. 36 0 °  C. 3 7 0 °  C.

G ra v ity  o f  d is t i l l a te . . . . 3 S .3 °  Bé. 2 9 .1 °  Bé. 3 3 .2 °  Bé. 3 4 .1  0 Bé.
V isco s ity  in  p ip e t te .  . . . 11 sec. 21 sec. 18 sec. 17.0 sec.

7. P a r  affine, H o ld c  m e th o d 0 .7 8 * 0.29JS 3.72% 3.35%
M elting  p o in t ..................... 138° F. 130° F. 121° F . 134° F .

From  the standpoint of an oil refiner naturally 
the easiest w ay is to put out a product of class No. 1; 
whether, however, this is best from the standpoint 
of usefulness or efficiency is another question. This 
difference has been rather overlooked in the past 
and the results shown in Table 1 should serve as 
an illustration of the difference in various materials. 
Three types of fluxes were chosen for this investigation:

1. Compounded as above described (marked“ A ” ).
2. A  residual flux (marked “ B ” ), originated from 

an asphalt base petroleum as per Class No. j, and
3. Residual fluxes (marked “ C”  and “ D ” ), obtained 

from semi-paraffine base crude oils also per Class No. 1.
All semi-liquid asphalts used for these tests represent 

types of commercially available products,2 such as 
used in actual work, and, all had nearly the same 
consistency, namely, semi-liquid. Table 1 shows per­
centages of asphalt of all these binders, as obtained 
b y  the various methods. The results of this table 
show that there are marked differences in true as­
phaltic content, which are to an extent illustrated 
b y the results of precipitation w ith petroleum ether 
and also with alcohol-ether. The results of evapora- 

l tion also show differences, but the mere percentages 
thus obtained do not illustrate the true nature of the 
various fluxes and, w hat is more important, do not 
show whether the asphalt which was thus found was 
already present in the flux or had been formed during 
the evaporation test itself. I t  cannot be emphasized 
too strongly that in all evaporation tests this will

1 N o te : E v a p o ra tio n  ta k e n  o n  100 g ram s, in  5* X 2 3 /8 "  b ox , a t  50 0 °  F ., 
in  th e  o p e n  w ith o u t  s tirr in g .

2 A n d  all m a rk e te d  a s  “ 90 p e r  ce n t, b in d e r . '’

have to be reckoned with, although very few speci­
fications at the present time take this into considera­
tion. One glance at the table shows that the time 
required for the various evaporations indicates vast 
differences, and this already proves that percentages 
of asphalt obtained by the evaporation method in 
an unlimited time and high temperatures are often 
“ pseudo percentages”  which are of no practical 
va lu j, inasmuch as such distilling or baking will never 
take place when those materials are in actual use. 
Practical experience has in the meantime confirmed 
these differences.

Precipitation and evaporation combined show that 
the hard asphalt obtained from residual fluxes was not 
originally present in the same, but has been produced 
b y  distilling or “ cooking” heavy oils. In other 
words, their consistency is due to the presence of 
some asphaltogenous substances, which, while not 
being asphalts themselves, represent, as m ay be said, 
asphalt in an embryonic state which will form asphalt 
b y the influence of great heat and oxygen; and com­
bined with heavy, viscous, residual oils which can 
only be driven off at high temperatures; whereas the 
fluidity of “ A ” is caused b y  the adm ixing of a liquid 
vehicle to an already present base of hard asphalt, 
very much like the process of making varnish out of 
gum and turpentine.

The writer applies a method of distinguishing those 
products successfully by the determination of the 
consistency of the distillate obtained from such com­
pounds. The distillation is performed in an ordinary 
Engler apparatus. W e distil off a certain percentage 
of the compound, noting the temperature and if the 
same suddenly rises or jum ps this in most cases indi­
cates presence of a light thinner, whereas a residual 
oil w ill distil off more evenly; at any rate, to distil off 
about 20 per cent, will be sufficient in most cases. 
Distillates are then compared by gravity  and viscosity 
and results shown in Table i exhibit the differences 
which m ay thus be obtained.

T a b l e  2 .— V a r i o u s  R e s u l t s  o f  E v a p o r a t i o n s  u n d e r  D i f f e r e n t  C o n ­
d i t i o n s .

C om p o u n d R es id u a l R es id u a l R es id u a l
“ A " flu x  " B ” flu x  “ C ” flu x  “  D "

(a s p h a l t (a s p h a l t (sem i- (sem i-
b ase). b ase ). p a ra ffin e ). pa ra ffin e ).

v a p o ra t io n s  o n  100 g ram s
a t  50 0 °  F a h re n h e it:
(a )  O pen , w ith o u t s t i r ­

r in g ; lo ss .......................... 16% 2 0 % 3 3 % 12%
P e n e tra tio n  o f re s id u e 82 95 98 92
T im e .................................. l 6/e  h r s - 10 h rs . 12^3 h rs . 10 h rs .

(b) O pen , w ith  s tir r in g ;
lo s s .................................... 16% 2 0 % 3 3 % 12%
P e n e tra t io n  o f re s id u e 86 120 96 114
T im e .................................. h rs. 5 h rs . 5^3  h rs . 8 )4  h rs .

(c) I n  o v en , w ith o u t
s tir r in g ; lo s s .................... 16% 2 0 % 3 0 .5 % 12%
P e n e tra tio n  o f re s id u e 73 49 97 300
T im e .................................. 5 h rs . 19 h rs . 17 h rs . 3  hrs-

In the second table there are exhibited results of
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evaporations on the same materials as in Table 1, 
but under various conditions. All the evaporations 
in Table 1 were made on 100 grams of asphalt 
in a container 5 inches in diameter by 23/s inches 
deep. T h at there are very marked differences, re­
gardless of the quantity and other data, and depending 
only on the difference in the various methods of heating 
is shown in Table 2, from which it can readily 
be seen that the oils of various bases behave very 
differently under varying conditions.

Therefore, it is necessary when specifying asphaltic 
contents, to alw ays state the following:

1. Q uantity of asphalt applied (the evaporation 
being a surface function, is of course largely de­
pendent on the ratio of the surface to the volume, 
and will vary  with varying quantities).

2. Size of vessel.
3. Temperature, and length of time to be exposed 

to the same; the latter item  is evidently the most 
im portant one.

4. W hether the evaporation takes place.
(a) In a closed oven.
(b) In the open.
(c) W ith or without stirring.

2. Paraffine.— N ext in importance to asphalt is 
paraffine as a distinguishing feature of petroleum. 
W ithout entering here into the question of merit or 
disadvantages of paraffine in asphalt, there has been 
a great deal of uncertainty regarding its determination. 
I t  should be remembered that paraffine is not a chem­
ical individual, and that the percentage of crystallizing 
paraffine scale in a given distillate depends entirely 
on the solvent and also on the temperature at which 
this crystallizing takes place. I t  should also be re­
membered that paraffine is never contained in a crude 
oil or in a residual in its scaly modification, but alw ays 
as amorphous, so-called “ proto”  paraffine. There­
fore the first demand is to make the asphaltic material 
subject to destructive distillation to coke, and deter­
mine the scale in the distillate. In some asphalts 
there is no paraffine whatsoever and for this reason 
a qualitative test should be made first, as follows: 
The asphalt is distilled to coke, and a drop of the dis­
tillate is caught at intervals and put on ice. The 
temperature and percentage of distillate should be 
noted a t the point when this drop chills.

Some asphalts furni h a distillate which chills at 
once, whereas others are practically free from par­
affine scale; therefore a quantitative determination 
does not have to be made. The quantitative methods 
now in use are either the one by Zalociecki or that 
b y  Holds. Zalociecki dissolves the distillate in am yl 
alcohol and precipitates with ethyl alcohol at o° 
to — 5 ° F .,  whereas Holde precipitates with alcohol 
ether at— 20 0 C.

Table 3 contains paraffine determinations of 
various asphalts and it will be seen at first sight that

the results, although taken on one and the same ma­
terial, differ vastly. This is for the reason that, as 
above stated, paraffine is not paraffine in every case, 
and that the amount of paraffine scale crystallizing 
out is entirely dependent on its consistency. The 
colder the “ w ax distillate,”  the softer is the crystalliz­
ing scale; this is in accordance with the commercial 
process of bringing out paraffine wax, which is marketed 
and designated from different “ pressings”  by melting 
point. The writer has therefore made it  a practice

A p p a ra tu s  fo r  d e te rm in in g  m e ltin g  p o in t o f pa ra ffine .

to invariably determine the melting point of paraffine, 
and it cannot be demanded urgently enough that in 
all such present specifications which set a limit to 
paraffine scale, its melting point should also be given, 
as otherwise there would be no end of discrepancy. 
There seems to be a  certain ratio between melting 
point and percentage, and in most cases a difference 
of 2 0 F., melting point, seems to be equivalent to one 
per cent, scale.

T a b l e  3 .— R e l a t i o n  b e t w e e n  C o n s i s t e n c y  a n d  P e r c e n t a g e  o f

P a r a f f i n e .

D ete rm in a tio n s : 

N o . 1 (65%  b in d e r ; resid -

1.
Zal.

2.
Z al.

3.
H o lde .

4.
H o ld e .

u a l ) ........................... 16 .5 1 5 .5 4 .5
M elting  p o in t .........

N o . 2 (90%  b in d e r; res id -
9 6° F. 104° F. 120° F. F low s

u a l ) ............................. 1 0 .0 9 .0 5 .0
M elting  p o in t .........

N o . 3  (95%  b in d e r ; res id -
108° F . 110° F . 118° F . F low s

u a l ) ............................ 6 .2 4 .3 2 .7 S em i­
M elting  p o in t ......... 116° F. 122° F. 131° F . fluid

C o m p o u n d  N o. 3 ----- 1 3 .4 7 .5 7 .3 1 0 .0
M eltin g  p o in t ......... 105° F . 124° F . 126° F . 118° F . L iq u id

For the melting point we use the capillary method. 
The results as exhibited in Table 2 speak for
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themselves. I t  should be remembered in this con­
nection that even the originators of the methods of 
determination do not claim accuracy within one per 
cent., whereas there are a number of asphalt speci­
fications stipulating percentages within one-quarter 
of one per cent, and even less of paraffine; this is 
totally objectionable especially when no n vltin g  
point is given.

There are also a number of specifications having 
a so-called “ cold test,”  as follows:

‘ ' When a six inch test tube, having an inside diameter 
of one inch is filled one-half full of the oil, cooled to 
and maintained at 50° F., for a period of thirty min­
utes, then brought to and maintained at 65° F., 
for a period of thirty minutes, it must a t that temper­
ature (65° F.) show a flow perceptible to the eye 
in thirty seconds. The oil after cooling to 50° F. 
must not be stirred or agitated in any w ay  before or 
during the flow test and after being cooled a t 500 F. 
it must not be heated to a temperature exceeding 
65° F., until after its flow has been determined.” 

Upon inquiring of the originators of this speci­
fication it was learned that this extrem ely compli­
cated clause had the object of eliminating paraffine 
oils. It  was stated that if such materials were to 
contain paraffine to any extent, they would chill at 
65° F., thus not com plying with the above speci­
fication. This sounds plausible enough but since 
we found that bitumens such as represented on Table 
3, although all containing more than three per­
cent. paraffine, would show a flow according to this 
specification at 65° F., we have concluded to in­
vestigate this m atter more thoroughly. A  heavy 
Texas distillate, which contained neither paraffine 
nor asphalt, was taken as a neutral base. A t first 
we dissolved in it 8 per cent, of paraffine scale of a 
melting point of i2 5 ° F , This compound represented 
a solid mass at room temperatures. W e then added 
8 per cent, of a soft T exas asphalt, and the result was 
compound No. 3, which is a  thorough liquid, and 
more liquid even than the asphalt dissolved in the 
oil alone. W e have, therefore, the case of a lowering 
of the melting point produced b y  the combined action 
of paraffine plus asphalt. Therefore, the only reason 
that binders 1, 2 and 3 (Table 3) are liquid at 
650 F, as specified, can be sought for in the fact that 
they contain asphalt and paraffine. If one or the 
other were removed, the remainder would become 
harder. This we have also shown on a residual cylinder 
oil, of semi-asphaltic basis which contained some 
asphaltic m atter; alcohol ether precipitated 18.5 
per cent. The oil was thoroughly liquid (cold test =  
75 0 F .). It  was filtered through porous matter, 
which retained the asphaltic substance, and the result 
was a light-colored product which is solid at ordinary 
temperatures, its cold test being 90° F. Attached 
is an analysis of the oil before and after filtering.

May, 1910

This case illustrates conclusively that the con­
sistency of an asphaltic compound alone can never 
give an idea of its true contents, and that a speci­
fication like the above is utterly worthless.

3. Determination 0f  Tar.— I t  has so far been impos­
sible to ascertain the presence of tar except b y  more 
than very doubtful methods. The method which 
is herewith introduced will give, if not extrem ely 
accurate ones, results of satisfactory commercial 
value. The principle of the method consists in dis­
tilling the bitum en to coke, and applying dim ethyl- 
sulfate to the same. Dim ethylsulfate dissolves oil 
products of benzene character or pyro distillates, 
whereas it does not dissolve paraffine or define hy­
drocarbons, such as produced by the distillation of 
mineral oil. E. Graefe has applied this reaction to 
separate brown coal or shale distillate from coal tar 
products, and the writer found that it represents an 
ideal means of separating all distillates obtained from 
pyro-bitumen, or all benzene derivatives from  petro­
leum distillates, which, of course, consist largely of 
paraffine chains or other saturated hydrocarbons.

T a b l e  4 .-— P e r c e n t a g e  C o a l  T a r  b y  S o l u b i l i t y  o f  t h e  D i s t i l l a t e  i n  
D i m  e t h y l s u l p a t e .

D e s c r i p t i o n  o f  p r o d u c t .  S o l u b i l i t y  i n  p e r  c e n t

H  G r a d e  p e t r o l ,  a s p h a l t ...............................................     N o t  s o l u b l e
B e r m u d e z  a s p h a l t ...........................................................................................  “ “
C u b a n  a s p h a l t   ..................................    “  “
G i l s o n i t e ...................................................................................................................  u  “
C o a l  t a r ......................   1 0 0  “
2 0 %  t a r  +  8 0 %  a s p h a l t .................................   15  “
4 0 %  M + 6 0 %  “     3 0  “
5 0 %  “  + 5 0 %  “      3 5  “
6 0 %  “  +  4 0 %  “    4 0
8 0 %  “  + 2 0 %  “   ’.   6 0  “

Table 4 containing results obtained by this method
gives the solubilities in dim ethylsulfate of straight coal 
tar distillate, straight asphalt distillate (both native 
and oil), and various mixtures. The results illustrate 
that there is a certain fixed proportion b y  which we 
can very  well judge the relative proportion of each. 
I t  is also interesting to note that all native asphalts, 
including gilsonite, act exactly  like oil asphalts with 
the dim ethylsulfate, which is a further proof of the 
identity of their origin. The importance of this 
method is considerable, inasmuch as the m arket
value of tar is of course far below that of asphalt, 
and the lack  of a  method of determination has been 
felt very keenly. The method as executed in the 
w riter’s laboratory is as follow s:

Four cc. of the distillate obtained by destructive 
distillation of the asphalt (to coke) are put in a ten 
cc. graduated cylinder with ground glass stopper, 
and six cc. of dim ethylsulfate are added and shaken 
thoroughly for one minute. If the distillate is not 
entirely soluble, separation takes place within a few 
minutes and a separating m ark can be accurately 
read. The percentage of solubility is calculated 
from this reading.

The methods outlined above m ay well be char­
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acterized as an attem pt to characterize and eventually 
analyze bitum ina by their destructive distillate, 
which principle is new and I believe highly promising.

A PPEN D IX .

In the following we briefly describe a method of 
determination of water and one for the determination 
of sulphur. Both of these methods were originated 
b y  Edmund Graefe for crude oils and coal; the follow­
ing descibes their modification for asphaltic substances, 
for which they supply long-felt wants.

(a) Water Determination.— In distilling off water 
from heavy bodies such as bituminous m atters or 
crude oil, foaming takes place which renders distilla­
tion entirely impossible. Graefe applies a light vola­
tile oil, such as petroleum distillate or coal tar dis­
tillate, to the substance and distils both. In order 
to determine water in asphalt, 50 cc. of asphalt are 
mixed with 50 cc. of a petroleum distillate of volatile 
character. A  product of this kind can be purchased 
in any quantities, it  being a well-known turpentine 
substitute.1 The total is then distilled and distilla­
tion proceeds easily and without any explosions. 
The same volum e of the applied solvent is distilled 
off and thus made sure that all the water will be driven 
over, which, of course, settles after condensing. The 
combined distillates are caught in a flask having a

stem divided into 2 cc. This corresponds to one 
per cent, if 50 cc. of asphalt were applied, the water 
ssttling easily from the light distillate, and its per­
centage can be read at once, without any figuring.

(6) Sulphur Determination.— The principle of this 
method consists in the combusion of the bitumen in 
an atmosphere of oxygen. This was at first suggested 
by Hempel, and later modified b y  Graefe for coal 
products and was successfully applied in the author’s 
laboratory on oils and asphalts. About 0.2 gram 
of bitum en are weighed and placed on a small lump 
of chem ically pure cotton, which must be free from 
sulphur. This is then placed on a small platinum 
cone]Jwhich, again, is suspended from a copper wire. 
The cotton containing the bitumen is connected to

x T h e  co m m erc ia l n am e  of th is  p ro d u c t  is T exene. I t s  g r a v i ty  is 4 2 °  
B ea u m £  a n d  i t s  lim its  o f e v a p o ra tio n  a re  b e tw e e n  27 0 °  a n d  4 5 0 °  F .

a thin platinum  wire, forming a short-circuit between 
the suspending copper wire and another wire through 
which an electric current can be sent coming from

A p p a ra tu s  fo r  d e te rm in a tio n  o f s u lp h u r .

a dry battery. The. current will thus ignite the thread, 
the cotton and finally the asphalt, which will burn 
freely in the oxygen. A fter combustion is completed 
a solution of sodium peroxide is permitted to enter 
the flask. Care should be taken that this be done 
either after the bottle is cold, or th at the surplus 
pressure is released gradually through the solution 
of sodium peroxide in which case it would retain all 
sulphurous gases. Determination of sulphur is finally 
accomplished by neutralization and precipitation of 
the solution with barium chloride. W ith a sufficient 
number of apparatus it is easy to execute two dozen 
sulphur analyses per day. Y h ey are accurate almost 
to the theoretical point which has been established 
b y  a number of experiments.

TH E DETERM INATION OF COPPER IN BLISTER  
AND REFINING COPPER.

B y  W i l l i a m  C. F e r g u s o n . 1

R ec e iv ed  M arch  18, 1910.

Through the efforts of representatives of those 
interested in the commerce of copper, continual 
advances have been made in sampling and analysis 
with the object of securing its correct valuation.

Although the electrolytic method for the determi­
nation of copper is universally employed, marked dif­
ferences exist in the detail of its performance.

A  description of the method developed in the lab­
oratory of the Nichols Copper Co. is, therefore, pre-

1 C hief C h em ist, N icho ls C opper Co.
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sented with the object of interesting chemists in a 
movement towards uniformity of practice.

The importance of this subject will be realized when 
it is stated that upwards of 1,400,000,000 pounds of 
copper are refined annually in the United States, 
valued at approxim ately $200,000,000 for which 
settlements are made upon the basis of sampling and 
analysis.

The method of sampling employed, vita lly  important 
in itself, will be briefly described, leading up as it 
does to the method of analysis.

Before describing the methods in detail, attention 
is directed to the following brief description of the 
separate steps involved. The methods are largely 
autom atic, the limits of accuracy proved and the 
judgment of the manipulator reduced to a minimum.

The pieces of copper composing the parcel are drilled 
according to the method of squares whereby all parts 
are given their proportionate value in the sample.

The drillings are accurately quartered and ground 
very fine (20 mesh).

Six sample packages are prepared from these fine 
drillings. Experim ent has shown that there is no 
material difference in the packages.

E igh ty  grams, an unusually large amount, are 
weighed out for analysis (almost one-quarter of the 
sample package).

The ground drillings are dissolved in a 2000 cc. 
flask accurately calibrated to the overflow pipette which 
is employed for dividing the solution for electrolysis.

The flask and pipette are surrounded by water to 
eliminate the influence of temperature upon the volume 
of the solution.

Tw o grams of copper are deposited on a foil much 
smaller than those used in laboratories with which 
the writer is familiar, where one gram is deposited.

A  constant current is employed.
Strength of current and composition of electrolyte 

used have been demonstrated to give the purest deposit.
The minute quantity of impurities deposited with 

the copper are system atically determined and cor­
rections applied to daily analyses.

Twice a week refined copper of known composition 
is put right through with the blister samples, being 
treated in the same w ay in every particular.

All of the statistical tables, illustrating the ac­
curacy of the different steps in the method, have 
been compiled from consecutive results, involving 
no selection whatever, i. e., all the results obtained 
are incorporated in the tables.

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

D E L IV E R Y  A T  T H E  L A B O R A T O R Y .

Blister copper, in lots averaging forty  to fifty tons, 
is delivered at the refinery in the form of pigs, cakes 
or slabs weighing from fifty to three hundred pounds 
each.

The method of sampling depends upon the factors

of size, value, shape, uniformity of grade and the 
number of pieces in the lot. But, the fundamental 
principles involved are the same in all cases and de­
pend upon the fact that the average composition of 
individual pieces in a single lot m ay vary and, also, 
that different portions of the same piece differ, some­
times largely.

Briefly, the procedure is to drill a one-half inch 
hole of certain depth and position in each piece or 
in a percentage of the total number. The position 
of the hole is changed in successive pieces in such 
a manner that, if all the holes were drilled in a single 
piece, the face of which is divided into equal squares, 
a hole would be made in the centre of each square. 
T he number of the squares corresponds to the number 
of the pieces in the lot or a ratio thereof.

B y  means of a funnel-shaped collar laid on the piece 
and around the drill, chips, other than those cut by 
it, are prevented from entering the sample.

Upon withdrawal of the drill the borings are brushed 
from the collar through the hole in the piece and a 
corresponding one in the table of the drill press into 
a receptacle underneath.

The borings from each lot, weighing from 18 to 27 
pounds, are collected and ground in a sample grinder, 
to pass an S-mesh sieve and then reduced to four and 
a half pounds by use of a trough sampler. This amount 
is then passed through a drug mill having chrome steel 
grinding plates, until ground to 20-mesh size.

Although the grinding plates of the mill show a 
certain amount of wear in the course of a year, inves­
tigation has shown that the particles worn from

F ig . 1.
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the mill are quite insufficient to affect the value of the 
sample.

A fter thus grinding the quartered portion to 20- 
mesh size, it is then thoroughly mixed and divided 
by the use of a trough sampler, into six parts averaging 
320.grams each.

Since the coarse and fine portions of the sample 
have quite different copper, silver and gold values 
it is essential that their relative proportions should 
be maintained in the division of the sample. The 
trough sampler (see Fig. 1.) has been found, by re­
peated experiments, to be more accurate than “ heap 
quartering” in this respect.

Experim ents have shown that the six portions, 
into which the ground drillings are divided, contain 
practically the same amount of coarse and fine m a­
terial.
C o m p ariso n  o f  co p p c r re s u lts  fro m  d iffe re n t p a c k ag es  of th e  sam e sam p le .

P ack a g e . P ack a g e .
B ra n d . L o t. N o. 1. N o. 2.

A ................................. 9 9 .2 6 9 9 .2 6

B ............................... ............... 678 9 9 .1 2 99 .11
683 9 8 .9 8 9 8 .9 0
703 9 8 .8 4 9 8 .7 8
734 9 8 .9 3 9 8 .9 3
760 9 9 .0 5 9 9 .0 6
805 99.11 9 9 .0 6

C ............................... ............... 198 9 9 .3 4 99 .3 3
200 9 9 .2 9 9 9 .2 7
202 9 9 .2 3 9 9 .2 2

D ............................... ............... 396 9 8 .7 4 9 8 .7 0
406 9 8 .9 8 9 9 .0 0
424 9 9 .0 6 9 9 .0 7
428 9 9 .0 4 9 9 .0 3

E ............................... ...............  552 9 8 .9 6 99 .01
555 9 9 .0 8 9 9 .1 0
562 9 8 .8 2 9 8 .8 4
577 9 8 .9 7 9 8 .9 7

F ................................ ............... 293 9 9 .3 8 9 9 .3 9

G ............................... 9 8 .9 6 9 8 .9 3
A v erag e .................. 9 9 .0 5 7 9 9 .0 4 8

S i e v i n g  T e s t s  t o  S h o w  W h a t  D i f f e r e n c e  i n  P r o p o r t i o n  o f  C o a r s e  

a n d  F i n e  M a y  E x i s t  i n  P a c k a g e s  o f  t h e  S a m e  S a m p l e .

P e r  ce n t, o f  40-m esli fines in

S am p le . N o. 1. 2. 3. 4. 5. 6. 7. 8.

A ___ 18 .27 1 8 .1 9 18.11 18.23 18 .3 4 18 .1 9 18 .15 18 .0 9
B ___ 15.61 15 .2 6 15 .47 15 .58 15 .3 4 15 .34 15 .5 0 15 .5 6
C . . . . 16 .93 16 .62 1 6 .7 6 1 6 .9 6 16 .7 8 16 .77 16 .9 8 16.91
D ___ 17 .43 17 .82 17 .64 17.61 17 .9 0 17 .5 6 17 .58 1 7 .4 9
E ------ 703 18 .1 2 18 .3 6
F ____ 704 18 .6 4 18.51

705 17 .9 8 18 .26
315 2 2 .1 4 2 1 .7 9

G . . . . 312 15 .93 16 .07
313 16 .47 16.51
314 16.11 16 .4 8

H ___ 17 19.41 19 .32 . . . .
I ....... 526 2 1 .3 6 2 1 .7 6

527 2 0 .8 6 2 1 .0 7
M ax im um diffe rence  is 0 .4 0 %  w h ich  v. o u ld  affec t th e co p p e r re s u lts

0 .0 1 6 %  if a  d iffe rence o f 4 %  co p p e r b e  assu m ed  to  ex is t b e tw e en  th e  a ssay  
o f  coa rse  a n d  fine.

M A N IPU LA TIO N  OF T H E  SAM PLE FROM T H E  PACKAGE 

TO T H E  FLASK.

A  trough sampler is used both in the sample room 
and in the laboratory. The one in the sample room 
has troughs and spaces half an inch wide and is used 
for dividing the whole sample of ground drillings

into six parts as described above. The other (Fig. 
2), in the laboratory, has troughs and spaces quarter 
of an inch wide and is used to obtain the portion for 
analysis from one of the six sample packages.

F ig . 2.

In the use of both, the sample should be scattered 
w ith a motion that will allow the particles to fall in 
an even stream upon the troughs. A  full arm, side 
to side, movement of the bag or pan accomplishes 
a very accurate division. A  rotary or axial motion 
should be avoided.

The amount for analysis used in this laboratory 
is 80 grams, approxim ately one-quarter of the con­
tents of the sample bag. It is an easy m atter to 
divide the sample to within a few grams of the 
mathem atical quarter.

Experim ents by sieving have shown that the m ax­
imum difference in composition between the 8o-gram 
portion and the remainder of the package is no more
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than 0.025 per cent, in copper and that the average 
difference is inappreciable.
T a b l e  C o m p a r i n g  t h e  T e s t  P o r t i o n  w i t h  t h e  R e m a i n d e r  o f  t h e  

S a m p l e  B a g .

T h e  sam p le  p ac k ag es  w ere  q u a r te re d  b y  tro u g h  sam p le r to  a p p ro x im a te  
80 g ram s  a n d  th is  te s t  p o r tio n  s ieved . T h e  re m a in d e r  o f  th e  c o n te n ts  o f 
th e  sam p le  p ac k a g e  w as th e n  s iev ed  in  th e  sam e  m a n n e r  a s  th e  te s t  p o r tio n  
in  tu rn .

T h e  q u a r te r in g  o f  th e  sam p les  w as  d one  in  tu r n  b y  each  o f  th e  sev e ra l 
c h e m is ts  em p lo y ed  in  th e  d e te rm in a tio n  o f  copper.

T h e  co p p e r c o n te n ts  o f  th e  coars^  a n d  fine p o r tio n  o f th e  sam p les  a v e r ­
ag e d  5 %  a p a r t  a n d  th is  figure is u s e d  in  c a lcu la tin g  th e  d iffe rence in  a s say  
v a lu e  b e tw e en  th e  te s t  p o r tio n  a n d  th e  re m a in d e r  of th e  sam p le .

T h e  d iffe rence o f 
p e r  ce n t, o f fine 
b e tw e en  th e  te s t  
p o r tio n  a n d  th e  

r e m a in d e r  m a k es  
th e  co p p e r con-

60-m esh F in e  in  te s t t e n t  of th e  te s t
P e r  ce n t. fine r e ­ p o rtio n . p o rtio n .
o f te s t m a in d e r -------------

B ra n d . L o t. p o r tio n , o f sam p le . H ig h e r. L ow er. H ig h e r  b y . L o w er b y .
A ___ 74 13 .38 13 .77 0 .3 9 0 .0 2 0

77 1 2 .1 0 12.61 0 .5 1 0 .0 2 5
B ___ 449 11 .32 11 .23 0 .0 9 0 .0 0 5
C ------ 51 14 .53 14 .8 6 0 .3 3 0 .0 1 6
D ___ 444 12 .5 9 12.12 0 .4 7 0 .0 2 4
E . . . . 120 11 .83 12.15 0 .3 2 0 .0 1 6
F ____ 818 11.51 11 .41 0 .1 0 0 .0 0 5
G ..  . . 588 13 .92 13 .52 0 .4 0 0 .0 2 0
H ___ 678 9 .4 0 9 .5 8 0 .1 8 0 .0 0 9

679a 12.91 12 .7 4 0 .1 7 0 .0 0 9
679b 12.51 12 .5 4 0 .0 3 0 .0 0 2

A v e ra g e ........... 0 .2 6 0 .2 9 0 .0 1 3 0 .0 1 5

The borings resulting from the division are placed 
in a clean test tube and thoroughly shaken before 
taking to the balance. The entire contents are dis­
charged into the balance pan, the tube, being held 
in a perpendicular position and slowly withdrawn 
while being revolved on its axis.

I f the amount on the balanc; pan is found to be 
over 80 grams, portions are taken off b y  the spatula 
m idway between the top and the bottom  of the heap. 
I f less, the sample in the bag is thoroughly shaken 
and the deficiency made up b y  taking the required 
amount with a spatula from the bag.

A fter weighing exactly  80 grams, the ground drill­
ings are brushed from the balance pan into a  chute 
which is then inserted in the neck of a tilted 2000 cc. 
flask.

The chute (Fig. 3) is made by folding a smooth 
piece of writing paper, nine inches long and 314 inches 
wide, once over on the double fold and then unfolding. 
This chute com pletely envelops the ground drillings 
during insertion and prc vents loss of fines.

F i e .  3 .

B y bringing the flask to an upright position, the 
drillings will fall to the bottom  without allowing fine 
particles to adhere to the neck. The chute is brushed 
downwards while being withdrawn from the flask.

The “ coarse and fine” as well as the “ catch

w eight”  methods have been compared, on numerous 
samples, with the practice of weighing out exactly  
80 grams. A s will be observed from Tables D and E, 
the results b y  the several methods average practically 
the same in the long run.

D .
T h e  “ co a rse  a n d  f in e”  m e th o d  co n s is ts  o f s iev ing  th e  e n t ire  c o n te n ts  

of th e  sam p le  p a c k a g e  th ro u g h  a  4 0 -m esh  sc reen . T h e  s if tin g s  a n d  p o r tio n  
le f t o n  th e  sc reen  a re  each  w eighed  in  o rd e r  to  a s c e r ta in  th e ir  p e rc e n ta g e  
to  th e  e n t ire  s am p le . T h e  co a rse  is  th e n  q u a r te r e d  b y  u se  o f  th e  tro u g h  
sam p le r to  a b o u t  80 g ram s. E x a c t ly  80 g ra m s  a re  w eighed  o u t  a n d  a s say ed  
acco rd in g  to  th e  re g u la r  p ro ced u re . T h e  w ho le  o f th e  fine , w h ich  v a rie s
fro m  40 to  90 g ram s, is  ta k e n  foj; a s say  acco rd in g  to  th e  re g u la r  p ro ced u re .
P ro m  th e  d a ta  th u s  o b ta in e d  th e  p e r  ce n t, co p p e r in  th e  sam p le  is  c a lcu la ted .

T h is  m e th o d  e lim in a te s  c o m p le te ly  th e  q u e s tio n  o f p ro p o r tio n  o f coa rse  
a n d  fine in  th e  te s t  p o rtio n .

R eg u la r
B ra n d . L o t. 8 0 -g ram  m e th o d .

A .........................................  1 9 9 .4 6
B .........................................  47 9 8 .4 7
C .........................................  46  9 8 .3 3
D .........................................  1 9 8 .9 8
E ................ , .....................  61 9 8 .8 1
F .........................................  187 9 8 .8 8
G .........................................  748 9 8 .5 5
H ......................................... 21 9 9 .0 9

36 ' 9 9 .0 5
40 9 9 .0 2
41 9 8 .9 6
43 9 9 .1 5

854 9 9 .2 9
855 9 9 .2 6

1........................................... 1S4 9 8 .9 4
218 9 9 .1 4
269 9 9 .0 8

J ..........................................  131 9 9 .2 9
135 9 9 .4 3
13S 9 9 .4 0
147 9 9 .3 6
544 9 9 .2 8

K ......................................... 166 9 9 .2 2
168 9 9 .2 0
171 1 9 9 .2 1
444 9 9 .0 5

A v e ra g e . 99 .0 7 3

E .
C o m p a r i s o n  o f  D i f f e r e n t  M e t h o d s  o f  W e i g h i n g - o u t  P o r t i o n s  f o r  

A n a l y s i s .

T h e  m e th o d  o f  “ c a tc h ”  o r  “ s t r u c k ”  w eig h ts  co n sis ts  o f  q u a r te r in g  th e  
c o n te n ts  o f th e  sam p le  p ac k a g e  b y  th e  tro u g h  sam p le r , b u t ,  in s te a d  o f 
w eigh ing  ̂ out e x a c tly  80 g ram s, th e  w h o le  p ro d u c t  o f th e  q u a r te r in g  w h ich  
m a y  v a r y  sev e ra l g ra m s  m o re  o r  less th a n  th e  re q u ire d  a m o u n t, is  u sed  fo r 
ana ly sis .

T h e  fo llow ing  ta b le  show s how  re s u lts  b y  th e  tw o  m e th o d s  co m p are :

“ C a tch  w e ig h t”  
a p p ro x im a te ly  

80  g ram s  80 g ram s
w eighed  o u t .  w e ig h ed  o u t.

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

9 9 .0 4 2  9 9 .0 3 8

“ C oarse  a n d  
f in e”  m e th o d . 

9 9 .4 2  
9 8 .4 4
9 8 .3 8
98 .9 1  
9 8 .8 6
9 8 .9 1  
9 8 .5 9
9 9 .1 2
9 8 .9 6  
9 9 .0 1
9 8 .9 7  

’ 9 9 .1 3
9 9 .2 6
99 .3 1
9 9 .1 2
9 9 .1 5  
9 9 .0 5
99 .2 1  
9 9 .3 5  
9 9 .4 7
9 9 .3 8
9 9 .2 1

9 9 .2 2
9 9 .1 6
9 9 .1 7  
9 8 .9 9

9 9 .0 6 7

B ra n d . L o t.

A .........................................  127
B .........................................  13S

140
150

C .........................................  313
315

D .........................................  91
106
113

E .........................................  493
497
500

F .........................................  428
449
543
552

G .........................................  32
H ................................   250
1  28
J ..........................................  92

A verage .
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CA LIBRA TIO N  OF T H E  FLASKS.

Calibration of the flasks, to the autom atic dividing 
pipette, b y  the method of repeated delivery, is done 
by two men working independently and employing 
for the purpose the regular type of solution used in 
daily copper determinations.

A difference of one-tenth cc., the equivalent of 
0.005 per cent, copper, is easily discernible on the 
narrow necks of the 2000-cc. flasks and the analysts 
check each other within that limit.

I t  has been determined that, throughout the range 
of normal room temperature, a difference of 1 0 F. 
causes a change of volum e of 0.46 cc. in 2000, and, 
since this amount will affect the copper result to the 
exten t of 0.023 per cent., extreme precaution is taken 
to keep the temperature of the solution constanfduring 
the process of calibration.

The flask, during the operation 
of standardizing, is placed in a 
small tank through which water, 
of the same temperature, is flow­
ing from a larger tank. The 
w ater in the larger tank sur­
rounds the reservoir of copper 
solution which is to be siphoned 
to the pipette (Fig. 4).

Im m ediately after the requisite 
number of the deliveries have 
been made, the flask is placed 
on a fixed level table while the 
volume m ark is scratched on the 
neck with a diamond pencil.

The system of water-jacketing 
obviates entirely all temperature 
corrections, the maximum varia­
tion in tem perature of the solu­
tion during standardizing being
0.2° F.

The tem perature observations 
are made with long-stemmed 
thermometers graduated into 
tenth degrees F.

I t  has been demonstrated that, 
in the solution of the ordinary 
brands of blister and refined cop­
per, the viscosity is the same, 
and therefore, the rate of flow 
from the pipette is not affected.

During the process of calibra­
tion the evaporation of the copper 
solution running into the flask 
has been found to be insufficient 
to cause appreciable error.

Dividing Pipette.— The 50 cc. 
dividing pipette (Fig. 4) has a 
capillary overflow and three-way 
stop-cock and is w'ater-jacketed

for a purpose which will later be explained. This 
pipette, when constructed in the proper manner, delivers 
with great accuracy and speed.

The stop-cock and delivery bore should be along 
the axis of the body of the pipette. For ease in hand­
ling, the stop-cock should be rather large.

The delivery bore should be so constructed as to 
give an unbroken stream for four inches, and there 
should be no t e i^ n c y  for the retained liquor in the 
delivery end to spread and draw up 011 the outside of 
the tube, nor to run out after delivery for at least 
a minute.

The manipulation of the stop-cock should always 
be uniform in manner and speed, the knack of which 
is readily acquired.

The supply tube, which is also water-jacketed, 
is connected with a removable siphon which dips

F ig . 4.
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into the body of the flask containing the copper solu­
tion. On the end of the siphon is a filter of fine 
bolting-cloth. Suction applied to the pipette starts 
the action of the siphon.

The delivery of the pipette and the skill of the 
operator are tested weekly by running off four deliver­
ies from the pipette into 50-cc. glass-stoppered tared 
flasks.

From our record of the weight df deliveries during 
the last nine months, the largest average variation 
in a trial set of four draughts is 'equivalent to 0.014 
per cent, of copper while the average variation in all 
the trials during this period is equivalent to 0.004 
per cent, copper.

V a r i a t i o n s  o p  D e l i v e r i e s .

R ec o rd  o f  v a r ia tio n s  o f  de live ries  o f d r a u g h ts  fro m  p ip e t te  in 190 9 - '1 0  in 
co p p e r p e r  ce n t.

D a te . A v e rag e  d if­ C opper
1909. fe ren c e  in  g ra in s . p e r  ce n t.

M ay  6 0 .0 0 1 0 0 .0 0 1 7
13 0 .0 0 2 7 0 .0 0 4 7
20 0 .0 0 3 1 0 .0 0 5 4
27 0 .0 0 1 7 0 .0 0 3 0

J u n . 3 0 .0 0 2 5 0 .0 0 4 4
10 0 .0 0 1 7 0 .0 0 3 0
17 0 .0 0 3 2 0 .0 0 5 5
24 0 .0 0 1 2 0 .0 0 2 2

J u ly  8 0 .0 0 4 0 0 .0 0 7 8
15 0 .0 0 4 4 0 .0 0 8 0
22 0 .0 0 3 6 0 .0 0 6 3
29 0 .0 0 2 6 0 .0 0 4 3

A ug . 5 0 .0 0 0 4 0 .0 0 0 7
12 0 .0 0 2 9 0 .0 0 4 6
19 0 .0 0 1 7 0 .0 0 3 0
26 0 .0 0 6 0 0 .0 1 0 0

S ep . 2 0 .0 0 0 8 0 .0 0 1 4
16 0 .0081 0 .0 1 4 2
23 0 .0 0 1 8 0 .0031
30 0 .0 0 0 5 0 .0 0 0 9

O c t. 5 0 .0 0 1 6 0 .0 0 2 8
14 0 .0011 0 .0 0 2 0
28 0 .0 0 7 7 0 .0 1 3 5

N ov . 4 0 .0 0 2 3 0 .0 0 4 0
8 0 .0 0 2 2 0 .0 0 3 9

17 0 .0 0 4 0 0 ,0 0 7 5
25 0 .0 0 7 4 0 .0 1 3 0

D ec. 2 0 .0 0 5 2 0 .0 0 9 1
9 0 .0 0 2 2 0 .0 0 3 9

16 0 .0 0 3 4 0 .0 0 6 0
23 0 .0 0 0 5 0 .0 0 0 9
30

)
0 .0 0 1 9 0 ,0 0 3 5

J a n .  6 0 .0 0 0 8 0 .0 0 1 5
13 0 .0 0 2 9 0 .0 0 5 5
20 0 .0 0 0 5 0 .0 0 0 9
27 0 .0 0 1 2 0 .0 0 2 0

F eb . 3 0 .0011 0 .0 0 1 9
17 0 .0 0 1 7 0 .0 0 3 0
24 0 .0 0 0 6 0 .0 0 1 1

M ar. 3 0 .0 0 1 1 0 .0 0 1 9

A v erag e , 0 .0 0 2 6 0 .0 0 4 4

SOLU TION OF THU C O PPER  AND PR EPA R A TIO N  OF TH E 

ELECTROLY TE.
The 80 grams in the 2000-cc. flask are treated with a 

cold m ixture of 80 cc. sulphuric acid (sp. gr. 1.84), and 
200 cc. nitric acid (sp. gr. 1.42) with 500 cc. of water. 
A  standard solution of sodium chloride is added in 

• sufficient quantity to precipitate the silver, care being 
taken to add less than 20 per cent, excess.

A  bulbed condenser tube is placed in the neck 
before putting the flask on a  plate which gradually 
heats the solution to boiling.

When but little of the ground drillings remain un­
dissolved the solution is boiled gently for one hour.

System atic exam ination of the residue left un­
dissolved, b y  this treatment, has shown that the 
am ount of copper retained in the residue rarely ex­
ceeds 0.001 per cent, in the case of normal brands 
of blister copper.

In the analysis of abnormal samples, bulky insoluble 
residues containing lead, tin or silica are separated 
at this point by filtration. The residues or precipi­
tates are completely freed from copper by repeated 
fusions and precipitations.

When silver chloride is present in quantity suffi­
cient to appreciably affect the volume of the solution, 
correction is applied to the copper result in accordance 
with a calculation based on the amount of silver as 
determined by the silver assay and the specific gravity  
of silver chloride.

When the solution in the flask has cooled for half 
an hour, water is added to a little above the 2000 cc. 
mark. During the addition, mixture of the water 
and solution is accomplished b y  giving the flask a 
rotary motion.

The flask is placed in a large tank containing 
water and allowed to remain until it becomes 
of the same temperature as the water and very close 
to that of the room. I t  is then removed to the level 
table, made up to the 2000 cc. m ark b y  the addition 
of water from a burette, very thoroughly shaken, 
replaced in the tank and allowed to settie before 
pipetting.

W ater flowing from the tank, through heavy walled 
rubber tubing, to the jacketed portion of the pipette 
and inflow tube, corrects the influence of the tem­
perature of the room on the 
volume of the solution in the 
siphon and pipette.

Four portions, each repre­
senting two grams of the orig­
inal ground drillings, are run 
off through the pipette into 
the glasses in which electrol­
ysis is to take place.

The glasses (Fig. 5) are like 
hydrometer jars in shape, 61/ /  
high and 2i /t"  diameter with 
concave bottoms and have a 
capacity  of 180 cc.

Two of the portions are re­
served for use in case of irregu­
larity occurring in the work 
upon the other two. Each 
portion is treated with 5 cc. of 
a saturated"solution of ammonium nitrate and diluted 
to 125 cc. with water.

Ammonium nitrate, in the quantity added, has 
proved quite efficient in delaying the deposition of
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arsenic and antimony until the electrolyte is com­
pletely freed from copper. The electrolyte, at this 
stage, contains about 3.7 cc. of nitric acid.

ELECTRO LY SIS.

The positive electrode is a straight platinum wire 
extending to the bottom  of the jar. The negative 
electrode is a cylinder i 3//' long, 1" in diameter, of
0.004" irido-platinum foil, all joints gold soldered) 
having a weight of about 12 grams and depositing 
surface of n ' / 2 square inches. During electrolysis 
the jar is covered w ith split watch glasses.

Electrolysis is usually commenced at 5 p .m . with 
a current of 0.33 ampere per 100 sq. cm. which is 
kept constant until deposition is completed. In 
the morning the inside of the jar, the rods of the elec­
trodes and the split watch glasses. which cover the 
jar are rinsed with a spray from a wash bottle.

When deposition is completed, about 20 hours 
after the commencement of electrolysis, each electrode 
is quickly detached from the binding posts, the cathode 
plunged into cold water, then successively into three 
jars of 95 per cent, alcohol, shaken free of adherent 
drops and dried over a Bunsen flame for a few seconds 
after ignition of the film of alcohol.

The weighing of the foil plus the deposit is made 
with as little delay as possible.

Duplicate results rarely differ more than 0.02 
per cent. The practice is to weigh each foil every 
two weeks and the difference from the previous weigh­
ing is rarely more than two-tenths of a milligram, 
the equivalent of 0.01 per cent, copper.

The foils are burnished when necessary.
The weights used are checked periodically against 

a set standardized by the Bureau of Standards at 
Washington.

For the weighing of the foils, a four-inch beam 
button balance fitted with wide bows is employed. 
W ith the full load of about 14 grams the balance is 
sensitive and accurate to one-twentieth milligram 
and will make one swing in eight seconds.

The six electrolytic circuits are connected with 
a conveniently arranged switch and rheostat board. 
B y  switch connection an ammeter can be thrown 
into circuit with any one of the systems.

A t night, storage batteries supply the current which 
is kept constant by the factory watchman. During 
the day, while the batteries are being charged, the 
current is from the factory generator plant and its 
constancy is maintained b y  the analysts.

A  uniform current is essential.

DETERM IN A TIO N  OF T H E  AMOUNT OF CO PPER L E F T  IN 

SOLU TION A FTER  ELECTROLY SIS.

A fter the electrodes have been removed, hydrogen 
sulphide is passed into one electrolyte of each sample 
in order to discover by the color of the precipitate

whether an abnormal amount of copper remains in 
solution.

The electrolytes, duplicates to those subjected to 
the above treatment, are combined, according to brand, 
evaporated to small bulk if necessary, neutralized 
and then slightly acidified with HC1. The retained 
copper is precipitated as sulphide and filtered off. 
The filter paper and contents are placed in a porcelain 
crucible, dried, ignited and the residue dissolved with 
little hot nitric acid.

W ithout removal from the crucible, the copper is 
determined by comparison of the shade of the am ­
moniacal solution with that of a similar solution con­
taining a known amount of copper. Care is taken 
that similar conditions prevail when making the com­
parison. Correction is made for the small amount 
of copper so determined.

Those alectrolytes from which the duplicates do 
not agree within 0.02 per cent, and such that retain 
copper equivalent to 0.02 per cent, are excluded from 
the above operations. The number of electrolytes 
thus rejected is very small, owing to active circula­
tion and consequent uniformity of completion of 
deposition in jars with concave bottoms.

The average amount of copper retained in the elec­
trolytes seldom exceeds the equivalent of 0.01 per 
cent.

CHARACTER AND PU RITY  OF T H E  D EPO SITED  C O PPER.

The ideal deposit, which can only be obtained by 
the electrolysis of a pure copper solution under the 
right conditions, is of a salmon-pink color, silky in 
texture and luster, smooth and tightly adherent.

The presence of even a small quantity of other 
metallic elements in the electrolyte is apt to modify 
these characteristics, either as a contaminant or by 
influencing the shape of the minute crystals that form 
the deposit.

A  slightly spongy or coarsely crystalline deposit, 
although good in color and perfectly adherent, will 
invariably give a high result and is a condition to be 
guarded against quite as much as the deposition of 
impurity.

A  loosely adherent deposit, caused either by too 
rapid deposition at the commencement or too low a 
current density at some period of electrolysis, usually 
shows a red tint and m ay give a high result on account 
of oxidation or a low result because of detachment 
of particles.

A  darkly shaded deposit indicates the presence 
of im purity in greater or less quantity. I f  it is impos­
sible to complete the deposition without this ap­
pearance the electrolyte must be purified.

V ery  impure copper is so exceptional in our practice 
that we will merely state, without going into detail, 
that, from such material bismuth, arsenic, antimony, 
selenium and tellurium are separated from the pipetted
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portion b y  the addition of ferric nitrate and precipi­
tation with ammonia.

Inasmuch as the deposited copper is never ab­
solutely pure it  is necessary that its appreciable im­
purity should be deducted from its weight. I t  is, 
therefore, a part of the general method to make a 
periodical complete analysis of the deposited copper 
from each brand of blister. The very small percentage 
of the impurities found becomes a correction to be 
applied to the analyses of samples of the corresponding 
brands.

I m p u r i t i e s  i n  C o p p e r  D e p o s i t  i n  D a i l y  W o r k .

1 50-200  g ra m s  o f th e  d ep o s ite d  co p p e r u sed  in  th e  ca se  o f each  an a ly s is '

B ra n d . A gCl. A g. A s. S b. S e  a n d  T e. B i. P b . P e r  ce n t.
A. 0 .0 0 4 6 0 .0 0 4 0 0 .0 0 1 8 0 .0 0 2 9 0 .0 0 2 9 N one 0 .0 1 6 2

0 .0 1 0 0 T ra c e 0 .0 0 0 7 0 .0 2 7 0 0 .0 3 7 7
0 .0 0 8 5 0 .0 0 1 5 0 .0 0 0 3 0 .0 0 0 2 0 .0 0 1 7 N one 0 .0 1 2 2
0 .0 1 3 0 0 .0 0 0 9 0.0011 N one 0 .0 0 3 4 “ 0 .0 1 8 4

B. 0 .0 0 5 7 N one 0 .0 0 0 5 0 .0 0 1 6 0 .0 0 6 4 N one 0 .0 1 0 7
0 .0 0 9 0 N one 0 .0 0 1 4 0 .0 0 5 0 44 0 .0 1 5 4
0 .0 0 9 0 44 0 .0 0 1 3 0 .0 0 0 4 0 .0 1 0 7

0 .0 0 7 3 0 .0 0 0 6 44 0 .0 0 0 2 0 .0 0 2 2 N one 0 .0 1 0 3
C. 0 .0 1 2 3 0 .0 0 0 4 0 .0 0 2 2 0 .0 0 4 0 0 .0 0 2 8 T ra ce 0 .0 2 1 7

0 .0 2 1 0 0 .0 0 1 2 0 .0 0 1 9 0 .0 0 2 7 0 .0 0 1 2 0 .0 2 8 0
0 .0 1 2 0 0 .0 0 1 0 0 .0 0 1 3 0 .0 0 1 3 0 .0 0 6 0 0 .0 2 1 6
0 .0 0 9 6 0 .0041 0 .0 0 1 2 0 .0 0 2 2 0 .0 0 1 7 0 ,0 1 8 8

D. 0 .0 1 2 0 N one 0 .0 0 1 7 0 .0 0 4 8 0 .0 0 0 3 N one 0 .0 1 8 8
E . 0 .0 0 7 4 M 0.0011 0 .0 0 2 1 N one “ 0 .0 1 0 6
F . 0 .0 1 1 5 0 .0 0 1 0 0 .0 0 2 0 “ 0 .0 0 4 5
* ' 0 .0 1 7 5 0 .0 0 3 0 0 .0 0 2 2 0 .0 0 3 4 “ 0 .0 2 6 1

0 .0 1 2 3 0 .0 0 1 0 N one 0 .0 0 1 6 0 .0 0 1 6 “ N one 0 .0 1 6 5
0 .0 2 6 2 0 .0 0 4 4 0 .0 0 1 4 0 .002S 0 .0 0 1 0 “ 44 0 .0 3 5 8

METHOD FO R D ETER M IN IN G  CO PPER  IN  R E F IN E D  C O PPER.

A  “ catch w eight,”  approxim ately 5 grams of 
drillings, is placed in a beaker-shaped dissolving ap­
paratus designed to hold a series of watch glasses.
10.5 cc. of nitric acid, 4.5 cc. of sulphuric acid and

35 cc. of distilled water are 
added and solution effected on 
a steam plate.

A ll possibility of loss is pre­
vented b y  means of the watch 
glass traps (see Fig. 6).

A fter the dissolving glass is 
free from red fumes the watch 
glasses are rinsed,‘ the electro­
lyte is made up to 200 cc. 
with distilled water, five grams 
of ammonium nitrate added 
and electrolysis carried on for 
21 or 22 hours with a current 
of 0.47 ampere per 100 sq. cm.

The negative electrode is a platinum cylinder of 
25 square inches surface. The anode is a spiral plat­
inum wire.

The split watch glasses which cover the flask are 
rinsed with a spray from a wash-bottle four or five 
hours before the completion of electrolysis.

A fter electrolysis the exhausted electrolytes are 
combined and the amount of copper in solution, alw ays

* Im p u r i t ie s  in  co m b in ed  dep o sits .

Fig. 6.

less than 0.01 per cent., estimated b y  the method 
previously described.

For the purpose of system atically checkingTthe 
blister copper method of analysis, a standard sample 
is prepared from the borings of a single bar of furnace 
refined electrolytic copper.

The shavings from the surface of the casting are 
separated b y  hand-picking and rejected together with 

‘ the fines passing through a 6-mesh screen.
The coarse, clean shavings are subjected to an 

analysis for copper according to the method just 
described, using 6 lots of 5 grams each, and also for 
oxygen and other impurities.

The following table gives the complete analysis 
of four separate samples of such standard copper:

a . b . c . D.
Cu +  A g .......................  9 9 .9 1 6  9 9 .9 7 3  9 9 .9 6 0 0  9 9 .9 7 4 0 0
0  ..........................................  0 .0 6 8  0 .0 2 9  0 .0 4 0 0  0 .0 3 2 0 0
A s ....................................  0 .0 0 0 2  0 .00015
S b ....................................  0 .0 0 0 4  0 .0 0 0 9 0
S e a n d  T c .....................  0 .0 0 0 2  0 .0 0 1 0 0

9 9 .9 8 4  100 .002  100 .0014  100 .00805

These analyses are proof of the purity of the de­
posited copper.

Tw ice a week, in routine with the regular work, 
this standard is assayed b y  the same method which 
is employed for blister copper. The results are made 
items of permanent record and indicate, at once, any 
tendency to error on account of fau lty  manipulation 
or apparatus.

CONCLUSION.

In concluding this paper, it is to be noted that 
one proof of the accuracy of the method lies in the 
fact that, in the case of the standard copper, results 
by it agree exactly  with those b y  the exceedingly 
accurate “ five-gram m ethod.”

Up to the point of depositing the copper, the ac­
curacy of each step of this method has been verified 
by experiment, but our experience, and w hat we 
have observed of the experience of others, shows that 
the tendency is to obtain results higher than truth 
in the process of electrolysis.

Too low a current density or excessive oxidizing 
power of the electrolyte m ay produce high results 
due to oxidation of the deposited copper, while too 
high a current density or deficiency of oxidizing power 
in the electrolyte, by causing the deposition of im 
purities, will have the same effect.

The conditions governing electrolysis must be 
fixed by rigid investigation.

The salient features of the method are summarized 
as follows:

The unusually large amount of 80 grams is taken 
for the purpose of reducing to a very low lim it the 
error pertaining to the use of a sample composed of 
particles very dissimilar in size and value.

A n autom atic dividing pipette is employed for the 
sake of expedition and accuracy.
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Constancy of the volume of the assay solution is 
maintained during the operation of aliquoting by 
means of water of the same temperature as the solu­
tion running through the jacketed portion of the 
pipette from the tank in which the flask is immersed.

Error in weighing is minimized b y  the deposition 
of two grams of copper on an electrode of small area 
and weight.

W ith the object of preventing oxidation of the 
copper by the electrolyte, as high a current density 
is employed as is consistent with the formation of 
a smooth deposit.

A ctive circulation throughout the electrolyte is 
procured by electrolyzing in a glass having a concave 
bottom.

Account is taken of deposited impurities and cor­
rection is applied appropriate to the brands under­
going assay.

B y  the weekly testing of the accuracy of the delivery 
of the pipette and the twice-a-week assay of standard 
copper, the accuracy of the work is checked.

In developing the method to its present standard 
of excellence, I wish to acknowledge the assistance 
of all the laboratory staff who have contributed, but, 
more especially to Mr. William O ’Gorman who has 
charge of copper determinations and Mr. F. A. H ol­
brook, formerly first assistant chemist.

I wish, also, to express appreciation to Mr. W. G. 
D erby, present first assistant chemist, for doing most 
of the work of preparing this paper and for reading 
it before the New Y o rk  Section of the American 
Chemical Society.

m  ---------------------
A RAPID METHOD FOR TH E ELECTROLYTIC  

DETERM INATION OF COPPER IN ORES.
B y  R . C. B e n n e r .

R ec e iv ed  M arch  8, 1910.

W hen the greatest possible accuracy is desired in 
the determination of copper, recourse is had to the 
electrolytic method. The great disadvantages in 
this have been either the length of time it took to 
make the determination in case of the ordinary m ethod; 
or (when the deposition is to be quickly made), the 
necessity of a special piece of com plex apparatus, the 
rotating electrode, or' a solenoid. Quite recently 
it has been found that it is possible, by means of 
the gauze electrode,1 to deposit certain metals nearly 
as rapidly as with either of the pieces of apparatus 
mentioned. This gives an apparatus which is as 
simple and costs no more than that in ordinary use; 
and yet will give results with a rapidity nearly equal 
to. those obtained with the more complicated and 
costly pieces.

The platinum electrode used in these determinations 
was corrugated and sand-blasted, cylindrical in shape,

> S to d d a rd . J .  A m . Chem . Soc .. 31. 385 (1909); Chem . N e v s .  99. 292.

and about one inch in diameter by one and one-half 
‘ inches long, made from fifty-tw o mesh wire gauze.

The accuracy was checked against C. P. copper 
foil, which had been proven to contain 100 per cent, 
copper by the ordinary electrolytic method. The 
copper foil was dissolved in three cc. of nitric acid 
(sp. gr. 1.4), diluted to seventy-five cc. with water 
and electrolyzed in from ten to fifteen minutes with 
a current of about ten amperes and four volts.

Cu Cu V olum e of N itr ic
ta k e n . found . so lu tion . A m peres. ac id . T im e.
0 .1181 0 .1181 75, cc. 10-15 1 cc. 10
0 .3 5 8 6 0 .3 5 8 4 75 cc. 10 3 cc. 12
0 .2 3 3 0 0 .2 3 3 2 75 cc. 8 -1 0 3 cc. 12
0 .2 1 4 2 0 .2 1 4 2 75 cc. 8 -1 0 3 cc. 15
0 .2 3 7 4 0 .2 3 7 5 75 cc. 8 -1 0 3 cc. 15

The preceding results show that the accuracy
is equal to that of the older method. The character 
of the deposit is all that could be asked for.

The rate of deposition under these conditions will 
be readily seen from the following results and a glance 
at the curve.

mln.
12

Ci raws of co£f*r o.J.

V o lum e of 
so lu tio n

0-2 

N itr ic  ac id
Cu ta k e n . Cu found . cc. A m peres. cc. T im e.

0 .2 2 0 3 0 .0 6 2 5 75 10 3 1
0 .2 2 0 3 0 .1 1 2 9 75 10 3 2
0 .2 2 0 3 0 .1 5 1 8 75 10 3 3
0 .2 2 0 3 0 .1 7 0 6 75 10 3 4
0 .2 2 0 3 0 .1901 75 10 3 5
0 .2 2 0 3 0 .2 0 3 9 75 10 3 6
0 .2 2 0 3 0 .2 1 0 0 75 10 5 7
0 .2 2 0 3 0 .2 2 0 5 75 10 3 10
0 .2 2 0 3 0 .2 2 0 6 75 • 10 3 12

All but about seven and five-tenths per cent, is 
precipitated in the first five minutes, while it 
takes another five to complete the precipitation. 
This point is frequently overlooked, especially in 
technical work, and therefore gives rise to error.

Process for Ores.— Frcm  0.5 to 1.0 gram of the ore, 
which contains none of the interfering elements, is dis­
solved in nitric or nitric and hydrochloric acids. When
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aqua regia is used, or if lead is present, sulphuric acid 
is added and evaporation continued until the heavy' 
white fumes of sulphuric anhydride are evolved. 
The excess of sulphuric acid is neutralized with am­
monia and three cc. of concentrated nitric acid added.

Provid in g sulphuric acid is n ot added it  is on ly  

necessary to concentrate to three cu bic centim eters. 

In  either case the solution is diluted to 75 cc., trans­

ferred to a tall b a tte ry  beaker, w ith o u t bein g filtered 

(if the residue does n o t settle it  is b etter to filter) 

and the copper deposited b y  means of a current of 

8 to 10 am peres and 3 to 4 volts. If  the deposit is 

b lack  or dark colored it  is dissolved in nitric acid  

and redeposited in the sam e w ay. T h is redeposition  

is, as a rule, easier and quicker than filtering. T h e  

follow ing results show the accu racy of this m ethod  

on ores, as com pared w ith those obtained b y  the 

older method.

Results Obtained with the Gauze Electrode.
A m o u n t o f P e r  c c n t. C opper 

N o . o f sam p le . o re  ta k e n . C u in  o re. found .

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

Results Obtained by the Ordinary Method.
4 .....................................................................................  0 . 5 0 0 0  0 . 0 8 2 5  1 6 . 5 0
4 ...................................................................................... 0 . 5 0 0 0  0 . 0 8 2 5  1 6 . 5 0
6 .....................................................................................  0 . 5 0 0 0  0 . 0 7 7 0  1 5 . 3 8
6 .....................................................................................  0 . 5 0 0 0  0 . 0 7 6 9  1 5 . 3 8

Process for Slags.— In  case of slags and other low -grade  

m aterial it is necessary to select a m ethod of disin­

tegration suited to the particular m aterial in hand. 

Slags, w hich alw ays give  large quantities of gelatinous  

silica and contain  low  percentages o f copper, give  

the m ost accurate results when disintegrated b y  m eans  

o f nitric acid follow ed b y  hydrofluoric and sulphuric  

acids. A fte r  evaporation until h e a vy  w hite fum es  

are evolved , the analysis is finished as in the process  

w ith  ores. R edeposition is more freq uen tly necessary  

w ith low -grade m aterial than w ith high-, b u t in all 

cases it  is more rapid, as well as more accurate, than  

filtering.

The following will illustrate the accuracy of the 
procedure:

D e t e r m i n a t i o n s  M a d e  w i t h  t h e  G a u z e  E l e c t r o d e .

A m o u n t o f  C opper P e r  ce n t.
N o. o f  o re. o re  ta k e n  fo u n d . C u in  o re.

13....................................................................  1 .0 0 0 0  0 .0 0 6 0  0 .6 0
13 ..................................................................... 1 .0 0 0 0  0 .0 0 5 9  0 .5 9
13 ..................................................................... 2 .0 0 0 0  0 .0 1 2 3  0 .6 1
t l ....................................................................  2 .0 0 0 0  0 .0 1 0 3  0 .5 1
11..................................................................... 2 .0 0 0 0  0 .0 1 0 1  0 .5 0

D e t e r m i n a t i o n s  M a d e  b y  t h e  O r d i n a r y  M e t h o d .

13....................................................................  2 .0 0 0 0  0 .0 1 2 1  0 .6 0
13....................................................................  2 .0 0 0 0  0 .0 1 2 1  0 .6 0
11....................................................................  1 .0 0 0 0  0 .0 0 5 1  0 .51
11..................................................................... 1 .0 0 0 0  0 .0 0 5 0  0 .5 0

E lem en ts w hich interfere, and a t  the sam e time 

are likely  to occur in copper ores, are arsenic, antim ony, 

lead and bism uth. T h e  separation of an tim on y and  

bism uth from copper w as tried under the preceding  

conditions b u t w ithou t success. Lead, in such quan­

tities that it will deposit with the copper, is best re­
moved as the sulphate. Arsenic, in small quantities, 
will not deposit with the copper, but in amounts 
about equivalent to the copper present begins to be 
deposited with the last of this. The following series 
of experiments, in which copper was deposited in the 
presence of varying amounts of arsenic, illustrates 
this point.

A rsen ic  ta k e n . 

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

C opper ta k en . 
0 .2 6 5 2  
0 .2751  
0 .2 1 8 3  
0 .3 0 3 8  
0 .2 6 8 6  
0 .2 0 2 8

C opper found . 
0 .2 6 4 8  
0 .2 7 4 7  
0 .2 1 8 3  
0 .3 0 3 5  
0 .3 1 0 6
0 .2 0 2 6

A ll these depositions were made under the usual 
conditions. From  these results it is seen that arsenic, 
when present in amounts large enough to contaminate 
the copper deposited, can easily be removed by dis­
solving the deposited copper and reprecipitating 
under the same conditions as before. The removal 
of the interfering elements b y  chemical means can 
be accomplished b y  the following method:

The ore is disintegrated with nitric and hydrochloric 
acids, five or six cubic centimeters of sulphuric acid 
added and then it is evaporated until heavy white fumes 
of sulphuric anhydride are given off. I t  is now diluted 
to one hundred and fifty cubic centimeters with water, 
boiling to insure complete solution of the basic sulphate 
of iron (a few drops of hydrochloric acid are added 
if silver is present), filtered and washed with water con­
taining a little sulphuric acid. The lead and silver 
remain on the filter paper. The filtrate is now heated 
to boiling and saturated with hydrogen sulphide, 
allowing the solution to cool during the process. The 
precipitated copper sulphide is filtered off and washed 
with water containing hydrogen sulphide. The precipi­
tated sulphides are rinsed from the filter paper into 
a beaker using as little water as possible, warmed with 
a little colorless sodium sulphide to remove the anti­
mony and arsenic and again passed through the same 
filter, being washed with water containing some sodium 
sulphide. Bismuth is now removed from copper 
by warming the mixed sulphides w ith a solution of 
potassium cyanide alkaline with ammonia. This 
dissolves the sulphide of copper leaving that of bis­
muth insoluble. The solution of the copper is boiled 
with nitric acid to destroy the potassium cyanide and 
electrolyzed in the usual manner.

U n i v . o f  A r i z o n a ,

T u c s o n .

TH E EXACT DETERM INATION OF SUL PH U R  IN 
PYRITE AND MARCASITE.
B y  E .  T . A l l e n  a n d  J o h n  J o h n s t o n .

R ec e iv ed  M arch  8 . 1910.

Technical chemists have regarded the determ ina­
tion of sulphur in pyrite, which serves as the starting 
point in the manufacture of vast quantities of sul­
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phuric acid, of very high importance. The fact is 
abundantly attested b y  the great body of literature 
which has been devoted to the subject. This has 
been well summarized by Lunge, who has himself made 
valuable contributions to it .1 Lunge’s well-known 
method, as formerly carried out, with a slow pre­
cipitation of the barium sulphate, gave results which 
were considerably too low. A s since modified by the 
rapid precipitation suggested b y  H intz and W eber,2 
it  is more accurate, but, as we have elsewhere shown,3 
the results of the improved method involve a number 
of variable errors which compensate one another 
only partially. In the method which we have to 
propose, the results obtained under carefully regulated 
conditions are corrected for actual errors b y  methods 
which have been fu lly studied, and though it is less 
convenient in some respects than Lunge’s method 
and lays no claim to rapidity, it should be of value 
as an umpire method.

Although the errors in the determination of pyrite 
and marcasite are chiefly the errors involved in the 
precipitation of barium sulphate from a solution of 
sodium sulphate and sodium chloride, very considerable 
errors m ay be involved in the grinding of the material.

Oxidation of the Sulphides of Iron in  Dry Grinding.—  
It  is well known that the sulphides of iron, especially 
marcasite, gradually oxidize when exposed to the 
atmosphere. We have frequently noticed a strong 
odor of sulphur dioxide on opening a bottle contain­
ing any of them, more particularly when finely ground. 
During the operation of grinding, oxidation appears 
to be accelerated, probably by the local heating in 
the disruption of particles.4 The evolution of sulphur 
dioxide is not sufficiently rapid to be noticed in the 
grinding but, as shown below, ferrous sulphate is 
alw ays found in the ground material. The data 
follow:

Pyrite.— A  sample of pure pyrite from E lba was 
ground for an hour in the agate mortar of a M cKenna 
ore-grinder. The product was washed on a filter 
paper and the iron and sulphur were determined in 
the soluble portion.

F e  *=• 0.0117 g .5 cq u iv . to  SO4 0.0200 g.
SO« fo u n d  0 .0202 g.

Another portion of the same sample, ground 6 
hours, yielded a water extract which contained:

F e  =* 0 .0 2 5 3  g . eq u iv . to  SO 4 0 .0434 g.
SO« fo u n d  0.0435 g.

Marcasite.— A  sample of marcasite from Joplin, 
Mo., also ground six hours and extracted with water, 
gave:

1 R e p o r t  I n t .  C om . o n  A naly sis , S u b c o m m itte e  9, 5 th  I n t .  C ong. 
A p p lie d  C h em is try . R o m e , 1906, p . 399 .

2 Z . anal. C hem ., 45 , 31 (1906).
3 J .  A m . Chem . Soc ., 3 2 , 602.
4 T h e  fe rro u s  s ilica tes  b e h a v e  in  a  s im ila r  w ay . See M a u ze liu s . A rsbok  

S verige^G eolog iska  U ndersokn ing , 1907 , N o. 3 . H illcb ran d , J .  A m . Chem . 
S oc ., 3 0 l 1120 (1908).

6 O n  th e  a s su m p tio n  th a t  th e  so lu b le  iro n  ex is ts  w ho lly  a s  fe rro u s  
su lp h a te .

F e  =  0 .0079 g. eq u iv . to  SO4 0.0136 g.
SO« fo u n d  0 .0139 g.

Pyrrhotite.— A  sample of artificial pyrrhotite con­
taining only a little sulphur in excess of the ratio 
F e :S  =  1 : 1 ,  gave on the same treatment:

F e  =• 0 .0 0 5 7  g. eq u iv . to  SO4 0.0098 g.
S O 4 fo u n d  0.0092 g.

These figures show plainly that ferrous sulphate is 
formed in grinding the sulphides of iron. The ground 
material yielded no oxide of iron when digested with 
20 per cent, hydrochloric acid (conc. H C1 diluted 
with an equal volume of w ater); ferrous sulphate and 
sulphur dioxide are therefore the only products of 
oxidation and the reaction m ay be represented by 
the equation

FeSa +  3O2 =  FeS0 4 +  S0 2.

The weights of sulphide taken are not included in 
the above data, because it was found that a part of 
the oxidation in these experiments occurred during 
the washing. To eliminate this error, in the following 
experiments the ground material was washed in an 
atmosphere of carbon dioxide. The apparatus, en­
closing a funnel with d ry filter to which the ground 
material was transferred, was first exhausted by an 
ordinary water pump, and filled with carbon dioxide 
which had been freed from oxygen by heated copper. 
T o remove oxygen more com pletely from the apparatus 
the process of exhaustion and filling with carbon 
dioxide was repeated. The sulphide was now washed 
with boiled water which had been cooled in carbon 
dioxide.

O x i d a t i o n  i n  G r i n d i n g  P y r i t e .

T im e 1 h .
F e  in E q u iv . to P e r  ce n t.

T a k e n . f il tra te . FeS*. F eS i
G ram . G ram . G ram . o x id ized .

4 .1 1 0 .0 0 4 2 0 .0 0 9 0 0 .2 2
5 .7 7 0 .0 0 5 9 0 .0 1 2 6 0 .2 2

T im e 6 h.

4 .2 1 0 .0211 0 .0 4 5 1 1 .07
6 .1 3 0 .0 3 1 7 0 .0 6 7 9 1 .11

A  mixture of 99 pts. FeS2 plus 1.3 pts. FeSO< would 
be formed by the oxidation of 1 per cent, of the pyrite. 
Such a m ixture contains only 53.02 per cent, instead 
° f  53-45 Per cent, sulphur. Thus when 1 per cent, 
of the pyrite is oxidized, the sulphur found in analysis 
should be 0.43 per cent, too low. This corresponds 
to a loss of 0.43/0.53 =  0.8 per cent, of the sulphur 
originally present. A  six-hour grinding m ay perhaps 
be regarded as excessive, but it is probable that the 
time is not so im portant as the degree of fineness to 
which the material is reduced. The operation is 
m anifestly one which is likely to vary  considerably, 
differences of pressure on the pestle especially in­
fluencing the rate of oxidation. The above figures 
are not intended as an accurate measure of this rate, 
but are quoted merely to show that grinding causes 
oxidation, the errors from which must be considered
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in exact work, especially when, as Treadwell directs, 
the material is ground as fine as possible.1

As a m atter of fact fine grinding is not necessary 
in the method given below, except as it enables one 
to m ix inhomogeneous m aterial thoroughly. If  the 
m aterial is not sufficiently homogeneous, the extent 
of oxidation in the finely-ground sample should be 
determined in the w ay just indicated. A s far as the 
analysis is concerned, one can use, perfectly well, 
m aterial which will, pass through a 20-mesh screen. '  
When the sulphides are gently crushed to this size 
there is scarcely any oxidation as the following ex­
periments serve to prove.

Perfectly bright pyrite from the interior of a solid 
lump, and therefore presum ably free from oxidation, 
was gently crushed in a hard steel m ortar and passed 
through a 20-mesh screen. 3.75 g. of the screenings 
were treated with boiled water in an atmosphere of 
carbon dioxide as above.
F e  in  th e  f i l tra te  =* 0.0009 g,* equ iv . to  0 .0019 g. F c S j o r  0 .0 5 %  o x id ized .

In a duplicate experiment, 4.61 g. gave:
F e  in  th e  f il tra te  =  0 .0010 g. eq u iv . to  0.0021 g . FeSa ■=* 0 .0 5 %  o x id ized .

Preparation of Material for Analysis.— The samples 
of the minerals which were used in the subsequent 
analyses were as pure as could be found. The mar- 
casite was from Joplin, Mo., and the pyrite from 
Elba. T h ey were further purified from oxidation 
products in order to obtain uniform samples, as well 
as to increase the certainty of the analytical deter­
minations. I t  will of course be understood that such 
a procedure is not applicable to commercial work. 
To remove the oxidation products both samples were 
boiled w ith 20 per cent, hydrochloric acid until fresh 
portions of the reagent were no longer colored. They 
were then washed very carefully in an atmosphere 
of carbon dioxide. The washing was done first with 
20 per cent, hydrochloric acid, then w ith boiled water 
cooled in carbon dioxide. The filters and their con­
tents were now transferred to vacuum  desiccators 
which had previously been filled with carbon dioxide. 
The desiccators were then rapidly exhausted, first 
by the w ater pump, then b y  the m ercury pump to 
a pressure of 1 mm. of mercury or less. These samples 
were not absolutely homogeneous; each contained 
a little quartz, but so little that it was believed that 
any error occasioned b y  the lack of uniform ity was 
less than the errors of analysis. The samples thus 
prepared were used for all the subsequent work. 
T h ey were kept in vacuum  desiccators and only ex­
posed to the air long enough to take out portions for 
analysis.

Determination of the Sulphur, a. Oxidation.— To 
insure the com plete oxidation of the sulphur with 
absolutely 110 loss, we employed the method of Carius. 
About 4 cc. fum ing nitric acid entirely free from 
sulphur were used for the oxidation of half a gram of

1 “ Q u a n t. A n a l.,”  tra n s . b y  H a ll , p . 281.

sulphide. The sealed tube, containing the sulphide 
and reagent prepared in the ordinary w ay, was heated 
to 1250 (maximum) over n ight.1 The excess of nitric 
acid was removed after transferring to a beaker 
by evaporation to dryness on the steam-bath, the 
operation being several times repeated with concen­
trated hydrochloric acid. The beaker was covered 
with a watch glass so long as there was any danger 
of loss from spattering.

b. Separation of the Iron.— The sulphate of iron 
was cooled and brought into solution with water 
(no acid is necessary), diluted to about 300 cc. and 
precipitated with sodium carbonate solution (5 per cent, 
solution of Na^COg is suitable) with constant stirring. 
Only a slight excess should be used. The addition of 
a few drops of ammonia makes the precipitation com­
plete. The precipitate settles well after warming 
on the steam-bath. Sodium carbonate was used in­
stead of ammonia, because, as will be explained farther 
on, the losses of sulphur are much increased when 
barium sulphate is precipitated from ammonium 
sulphate. The precipitate of ferric hydroxide was 
now filtered and washed; to insure the complete sep­
aration of sulphur it was redissolved in the least pos­
sible quantity of 20 per cent, hydrochloric acid, and 
the iron reprecipitated. The second filtrate and 
washings were kept separate from the first.

c. Precipitation of the Sodium Sulphate by Barium  
Chloride.— E ach of the above filtrates was now brought 
to a 'V olum e of about 350 cc., either by dilution or 
evaporation as the case m ay require. The solutions 
were just acidified by hydrochloric acid, with the aid 
of a drop or two of m ethyl orange, then 2 cc. 2 per 
cent, hydrochloric acid (1 vol. cone. IIC1 diluted to 
20 vol.) were added to each. In the precipitation 
of the barium sulphate, as will be explained farther 
on, the rate at which the reagent (22.5 cc. in quantity)2 
is added is all important. This is best regulated b y  
attaching a capillary tip to the burette. The right 
diameter m ay be found by a few trials. The sulphate 
solutions were heated boiling hot and vigorously 
stirred while the reagent was allowed to flow down 
the side of the beaker. The precipitates were then 
le ft3 to stand for about 18 hours, when they were 
filtered on paper and washed with hot water, till 
25 cc. washings showed only the faintest opalescence 
with silver nitrate. Filtering and washing thus 
requires usually 1 - 1 X  hours. The w et paper and 
precipitate were then heated very slowly and carefully 
in a  platinum crucible, and finally, when the com ­
bustion was complete, ignited to constant weight.

1 T h e  g lass tu b e s  w ere  h e a te d  in  long  s te e l b o m b s  c o n ta in in g  w ater»  
w h ich  s e rv ed  to  co m p e n sa te  th e  p re s s u re  in s ide . T h is  a p p a ra tu s  w as 
a t  h a n d  fo r  o th e r  w o rk  a n d  w as  u s e d  a s  a  m a tte r  o f co n v en ien ce , b u t  
i t  w as  d o u b tle s s  u n n ec essa ry .

2 0.5 g . p u re  FeSs re q u ire s  a b o u t  21 cc. o f 10 p e r ce n t. BaCla so lu tio n ,
i. e., 10 g. B aC k  2H sO  in  100 cc. HaO.

3 A  G ooch  c ru c ib le  m a y  b e  u sed , b u t  p re c ip ita te s  fo rm e d  in  so lu tio n s  
c o n ta in in g  v e ry  l i t t l e  ac id  a re  v o lu m in o u s  a n d  in c lin e d  to  c lo g  th e  a sb e s to s  
filter.
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d. Errors in  the Determination of Sulphur and their 
Corrections.1— When a precipitation of barium sul­
phate is thus made from a solution of sodium sulphate, 
the weight of the precipitate is alw ays too low. The 
authors have made a detailed study of the errors 
in the above case and of the methods of correcting 
them; these will here be briefly summarized:

1. The removal of nitrates is necessary, as has 
long been recognized; barium sulphate carries down 
nitrates and consequently the results are too high.

2. The solubility of the barium sulphate, of course, 
occasions a small loss, which is, however, much in­
creased by free acid. W ith the quantity recommended, 
2 cc. 2 per cent. IiC l in a volume of 350 cc., and an 
added volume of 350 cc. washings, it amounts to 
1-2 mg. only. It is not increased by the presence of 
sodium chloride. The solubility is determined in 
the usual w ay by evaporation of the filtrate and 
washings to dryness in a platinum basin, taking up 
with a little water and washing on a small filter, burn­
ing and weighing the precipitate.

3. All barium sulphate precipitates which have 
formed from alkali sulphates contain a number of 
impurities: barium chloride, alkali sulphate and “ free”  
sulphuric acid, probably in the form of acid sulphate 
of the alkali metal. The quantity of alkali sulphate 
carried down b y  barium sulphate depends on many 
conditions, the most im portant of which are the quan­
tities of free acid and alkali chloride present in the 
original solution. Barium  sulphate from pure sodium 
sulphate carries down about 0.5 per cent, of the 
latter. This is more than doubled in the presence 
of much sodium chloride. The quantity m ay be 
determined b y  dissolving the weighed precipitate 
in 15 cc. concentrated sulphuric acid and pouring the 
cooled solution into about 300 cc. water with constant 
stirring. The precipitate and solution are heated 
some time and then filtered. The filtrate is carried 
to dryness in platinum  under a hood with good draft 
and finally healed to redness. The residue is dis­
solved in a little water, filtered into a small tared 
dish, evaporated again to dryness, heated to redness, 
and weighed. This process does not extract all the 
sodium sulphate. Experim ent has shown > 4sat the 
addition of 10 per cent, more to the quantity thus 
extracted will give the total amount with sufficient 
accuracy. If  the analysis is made according to the 
directions in this paper, the quantity of sodium 
sulphate obtained b y  a single extraction in the pre­
cipitate should be close to 8.3 mgs. and the correction 
for it found by m ultiplying this quantity plus 10 per 
cent, by the factor (BaS0 4-N a 2S0 4)/N a2S0 4, 5.8 mgs. 
If the iron is precipitated by ammonia the solution will, 
of course, contain ammonium sulphate and the barium 
sulphate precipitated from it will contain a consider­
able quantity of ammonium sulphate, which volatil-

1 F o r  a  fu ll d iscuss ion  o f  th is  s u b je c t, s e e / .  A m . Chem . Soc., 32, 604-6.

izes when the barium sulphate is heated, thereby 
occasioning a loss considerably larger than that caused 
b y  the non-volatile sodium sulphate. N aturally, 
if corrections are to be made, they should, in the 
interests of accuracy, be kept as low as possible.

4. The Loss of Sulphuric Acid by Volatilization.—  
Barium  sulphate which has been precipitated from 
solutions of any of the alkali sulphates contains some 
“ free”  sulphuric acid, or presumably, acid sulphate 
of the alkali metal. This acid is lost on heating, 
though the precipitate remains quite neutral. This 
remarkable fact has been fu lly substantiated by many 
experiments. The losses are much increased by two 
conditions— the presence of free acid and of alkali 
chloride, and will easily surpass one per cent, of the 
total sulphur if the quantity of both these substances 
is not carefully limited. There is another condition 
also that exercises an im portant influence on it, viz., 
the speed of precipitation. If this be rapid (ca. 
10 secs.), the quantity of “ free”  sulphuric acid is 
lowered and under certain conditions practically 
vanishes. The determination of the volatility  loss 
is best made by heating in a platinum boat, inside 
a platinum  combustion tube, a precipitate formed 
under the same conditions as the one which is weighed. 
W ith the outlet of the combustion tube is connected 
a Liebig potash bulb containing 10 cc. water and 
1 cc. perhydrol free from sulphur. When the loss 
is com paratively large, two bulbs are needed and 
the quantity of perhydrol is increased. A s a precau­
tion it is well to rinse the combustion tube with water 
after the experiment. W ith the conditions recom­
mended, the error from this cause is only 0.6 mg. 
for 2 g. precipitate, corresponding to 0.03 per cent, 
of the total sulphur.

5. The Occlusion of Barium Chloride.— All freshly 
precipitated barium sulphate contains some barium 
chloride. This amounts to only about 0.15 per cent, 
in precipitates which are slowly formed in sodium 
sulphate solutions; it introduces no error in the de­
termination, because the chloride is transformed by 
the occluded sodium sulphate during ignition into 
barium sulphate and hydrochloric acid, and all but 
a trace of the chloride is thus eliminated. If the 
precipitation is rapidly made, the amount of chloride 
in the precipitate is much greater and several tenths 
of a per cent, remain in the precipitate after heating 
to redness. Thus another correction is necessitated.

6. Effect of the Time of Standing on the Composition 
of Barium Sulphate Precipitates.— When precipitates 
are left to stand in the liquid from which they are 
thrown down, they slowly change in composition, 
approaching somewhat nearer to pure barium sulphate. 
The process is accelerated to some extent b y  heating, 
though the addition of a large excess of barium chloride 
has no effect. In exact determinations of sulphur, 
therefore the barium sulphate should not be filtered
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at once for in that case the losses from both occlusion 
and volatilization are higher. 18 hours is a practical 
time to allow before filtering. The corrections given 
in this paper im ply this condition. The authors have 
found that the corrections discussed in the preceding 
paragraphs are quite constant when the prescribed 
conditions are strictly adhered to. In the analyses 
which follow, the results have therefore been corrected 
by the use of constants previously determined under 
similar conditions.

One analysis each of pyrite and marcasite was 
made exactly according to the method described above; 
two others were made by a slightly modified method 
in which magnesium oxide1 was used to precipitate 
the iron. This method has the advantage that the 
results obtained by it, require only a solubility cor­
rection, for magnesium sulphate is carried down by 
barium sulphate in almost negligible quantity. This 
error, which lowers the result slightly, is practically 
compensated by the presence in the precipitate of 
a little barium chloride (0.10-0.15 per cent.). The 
volatility loss is a mere trace. The method has 
the disadvantage that the precipitated iron (or probably 
the excess of magnesium oxide in it) retains sulphur 
persistently. Three precipitations were in fact re­
quired to recover all the sulphur.

A n a l y t i c a l  D a t a  I .
P y r ite .— a. S o d iu m  c a rb o n a te  m e th o d :

0.5208 g. p y r i te  g a v e .................  2 .0 1 8 4  g . BaSO*.
C orr. fo r  so lu b ility 2 ....................... 2 .0
C orr. fo r occ lusion  of NasSCU . . 5 . 8
C orr. fo r  v o la t i l i ty ..........................0 .6
T o ta l c o r r s .........................................  0 .0 0 8 4

2 .0 2 6 8  g . — 5 3 .4 6 %  S.
b. M agnesium  ox id e  m e th o d :

0.4685 g . p y r ite  g a v e .............................1 .8227 g. BaSO*.
C orr. fo r s o lu b i l i ty .................................0 .0 0 3 6 3

1 .8263 g. -  5 3 .5 3 %  S.
Afarcasite— o. S od ium  c a rb o n a te  m e th o d :

0 .5005 g. m a rc a s ite  g a v e .............. 1 .9 3 2 8  g. BaSO«.
C orr. a s u n d e r  p y r i te  ( a ) ............. 0 .0 0 8 4

1 .9412  g. -  5 3 .2 8 %  S.
b. M agnesium  o x id e  m e th o d :

0.5026 g. m a rc a s ite  g a v e ...............1 .9 4 7 6  g. BaSO«.
C orr. a s  u n d e r  p y r i te  (6 ).............. 0 .0 0 3 6

1 .9512  g. -  5 3 .3 3 %  S.

A few determinations for the sake of comparison 
have been made by Fresenius’ and by Lunge's method 
both somewhat modified. The results have also been 
corrected for the errors already discussed. Even 
after correction, however, we do not regard the results 
on coarse material as equal in accuracy to those just 
given.

Corrected Analyses by Fresenius’ Method.— I t  is

1 T h e  re a g e n t w as ca re fu lly  f reed  from  lim e  a n d  su lp h u r .
2 T h e  c o rrec tio n  fo r so lu b ility  is  1 m g. fo r each  o f th e  tw o  so lu tio n s . 

B o th  w ere  b ro u g h t to  a  v o lu m e  o f  350 cc. so t h a t  th e  sam e c o rrec tio n  m ig h t 
b e  u s e d  fo r b o th .

3 T h e  c o rrec tio n  o b ta in e d  e x p e rim e n ta lly  is  m u ltip lie d  b y  3 b ec au se  
th re e  p re c ip ita tio n s , a n d  th e re fo re  th re e  so lu b ility  co rrec tio n s , w ere  neces­
sa ry .

commonly directed in this method to pulverize the 
sulphide before fusing with sodium carbonate. B ut 
since we have shown that this operation m ay involve 
a considerable error, the following analyses were 
made on the 20-mesh material. O nly in details was 
there any change in the ordinary procedure. For 
the sake of certainty in correction, we fused with a 
m ixture of 4 pts. sodium carbonate and 1 pt. sodium 
nitrate (instead of nitre).1 S ix grams of the m ixture 
were used. The fusion was heated in a platinum 
crucible, first over a burner and finally for a few 
minutes over the blast; meanwhile, it was protected 
from the sulphur of the flame by a good-fitting as­
bestos board. The cooled fusion was extracted with 
water and the precipitate well washed. The iron was 
redissolved and reprecipitated as described under 
the first method. Both filtrates were brought to about 
350 cc. and acidified as there described; the remainder 
of the procedure is also the same in every w ay. In 
correcting the weight of the precipitate it must be 
remembered that the sulphate was precipitated from 
a solution containing close to 6 g. of sodium chloride, 
the amount yielded by 6 g. of the above fusion mixture. 
The presence of this salt makes a considerable differ­
ence in the composition of the precipitated b a ­
rium sulphate and therefore in the corrections to 
be applied to it. The occluded sodium sulphate 
amounts on the average to 17.4 mg. (for 2 g. 
precipitate) and the correction for it (after an al­
lowance of 10 per cent, for incomplete extraction) 
12.2 m g.; the average vo latility  loss is 5.9 mg., while 
the solubility loss remains 'unchanged, 2.0 mg. The 
sum of these corrections is 20.1 m g.2

A n a l y t i c a l  D a t a  I I .

a . 0.5031 g . p y r i te  g a v e ..............1.9346 g. B a S 0 4.
S um  o f  co rrs . a s  a b o v e ..................0.0201

1.9547 g. -  53 .37%  S.
b. 0.4815 g. m a rc a s ite  g a v e .............. 1.8421 g. BaSO*.

C orrs. a s  a b o v e ..................................0.0201

1.8622 g. -  5 3 .1 3 %  S.
c. 0.4758 g. m a rc a s ite  g a v e .............1.S194 g. BaSO<.

C orrs. a s  a b o v e ..................................0.0201

1.8395 g . -  5 3 .11%  S.

Corrected Results by Lunge’s Method.— The weighed 
quantity of sulphide crushed to 20-mesh size was 
allowed to stand over night in the cold with 10 cc. 
of a m ixture of 3 vol. conc. nitric acid and 1 vol. 
conc. hydrochloric acid. The solution was then evap ­
orated on the steam bath, first without, then several 
times with hydrochloric acid to remove the nitric 
acid. The remainder of the analysis was exactly  
like the method proposed and described above.

1 T h e  c o rrec tio n  c o n s ta n ts  w ere  d e te rm in e d  011 p re c ip ita te s  o f b a r iu m  
s u lp h a te  w hich  w ere  th ro w n  do w n  in  so lu tio n s  co n ta in in g  o n ly  sod ium  salts.

2 T h e  c o rrec tio n  c o n s ta n ts  w ere  d e te rm in e d  o n  p re c ip ita te s  fo rm e d  
in  th e  p re sen ce  o f  5 g . a n d  10 g. N aC l re sp ec tiv e ly . T h e  occ lu sio n  n u m b e r  
is  p ra c t ic a lly  id e n tic a l for b o th . T h e  v o la t i l i ty  losses a re  5.2 m g . a n d  8 .8  
m g. re sp e c tiv e ly ; b y  in te rp o la tio n  w e o b ta in  5 .9  m g . fo r 6  g. N aCl.
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A n a l y t i c a l  D a t a  I I I .

a. 0 .5100 g. pjjj-ite g a v e ......................  I .9659  g . I3aS 04.
C orrs. p rev io u sly  g iven . 1.........  0 .0 0 8 4

1 .9743  g. =  5 3 .1 8 %  S.
b. 0.5315 g. m a rc a s ite  g a v e   2 .0 4 1 7  g. B a S 0 4.

C o rrec tio n s  a s  a b o v e ...................  0 .0 0 8 4

2 .0501  g. =  52 .9 9 %  S.
c. 0.5127 g. m a rc a s ite  g a v e   1 .9722 g. BaSQ*.

C o rrec tio n s  a s  a b o v e .................... 0 .0 0 8 4

1 .9806  g . =  53 .07%  S.

C o r r e c t e d  R e s u l t s .

P y r ite . M arcasite .
A u th o rs ' m e th o d .........................................................  5 3 .5 3  5 3 .3 3

5 3 .4 6  5 3 .2 8

5 3 .4 9  A v. 5 3 .3 0  A v.
F re s e n iu s 'm e th o d  m o d ified ................................... 5 3 .3 7  5 3 .1 3

53 .11

5 3 .1 2  A v.
L u n g e ’s m e th o d  m od ified   ........................  53 .18  52 .99

5 3 .0 7

5 3 .0 3  A v.

The concordance in the duplicates given above 
shows that the determinations were carefully done. 
We ascribe the lower results by Fresenius”  and Lunge’s 
methods to a loss of sulphur during oxidation. In 
the last determination of the sulphur in marcasite, 
a little unoxidized sulphur was in fact noticed. The 
loss probably would not have occurred had the m a­
terial been finely ground, but if fine grinding is resorted 
to another error is introduced. The Carius method 
of oxidation avoids both errors.

Control of Sulphur Determinations.— For the sake 
of control, 5-g. portions of both pyrite and marcasite 
were subjected to qualitative analysis. E xcept for 
a trace of copper in the marcasite only silica was 
found: 0.04 per cent, in the pyrite, and 0.20 per cent, 
in the marcasite. As a final check on the accuracy 
of the sulphur determination, it seemed desirable 
to determine also the amount of iron in portions of 
the same purified pyrite and marcasite.

D ETERM IN A TIO N  OF T H E  IRON.

i . Volumetric.— A bout 0.25 g. substance was de­
composed in the usual w ay with 10 cc. of a mixture 
of 3 parts conc. H NOa to 1 part conc. HC1. The 
excess of acid was gotten rid of by evaporating with 
sulphuric acid, first on the water bath and finally 
over a free flame, until voluminous white fumes ap­
peared. The residue was dissolved and diluted with 
water to about 200 cc., nearly neutralized with am ­
monia,2 reduced with sulphur dioxide,3 and titrated 
as usual with permanganate solution, in the presence

1 T h e  p o ss ib ili ty  t h a t  a  loss o f  S 0 3 m a y  b e  ca u sed  b y  th e  c o n ta m in a ­
tio n  o f  th e  p re c ip ita te  b y  iro n  sh o u ld  also  b e  conside red . I n  F resenius* 
m e th o d , a  l i t t le  iro n  is d isso lv ed  w hen  th e  fu sed  m ass  is  leach ed  b y  w a te r. 
T h is  iro n  w o u ld  p ro b a b ly  b e  ca rr ie d  dow n b y  th e  b a r iu m  s u lp h a te  a s  ferric  
s u lp h a te , w hich  w ould  lose s u lp h u r  o n  ig n itio n . S ee J a n n a s c h  a n d  R ic h a rd s . 
J .  p r . C h e r n 39, 32 1 ; E . A . S ch n e id er. Z. p h y s ik . C hem ., 10 , 425, 1892.

2 I n  p resen ce  o f m u ch  free  ac id  th e  r e d u c t io n  is  in c o m p le te . P r iv a te  
c o m m u n ic a tio n  from  \V . F . H ille b ra n d  a n d  R . S . M cB ride .

3 I n  e v e ry  case co m p le te  re d u c t io n  w as  as su red  b y  te s tin g  a  d ro p  of 
th e  liq u id  w ith  th io c y a n a te .

of sufficient added sulphuric acid. A  weight burette 
was used throughout. The permanganate solution 
was standardized by means of sodium oxalate (“ nach 
Sorensen,” obtained from Merck), which had been 
previously heated for an hour at 2400. 1 A s a result 
of several closely agreeing determinations, 1 g. KMnO< 
solution =  0.002633 g. Fe. A  number of blank ex­
periments were performed, and the amount of per­
manganate used up in them, varying from 0.05 to 
0.07 g., was subtracted from the quantity used in 
titration. The amounts given below have been cor­
rected in this way.

(а) 0.2682 g. p y r ite  re q u ire d  (1) 47 .62 g ., (2) 47 .54 g. p e rm a n g a n a te .
(б) 0.2682 g. p y r ite  re q u ire d  (1) 47 .53 g., (2) 47.63 g. p e rm a n g a n a te .

The percentage of iron from these four analyses 
is therefore: 46.75, 46.67, 46.66 and 46.75; the mean 
value is 46.72 per cent. Fe, whereas FeS2 requires 46.55 
per cent. Fe.

(а) 0 .2576 g. m a rc a s ite  re q u ire d  45 .62  g. p e rm a n g a n a te .
(б) 0 .2719 g. m a rc a s ite  re q u ire d  (1) 48.01 g .t (2) 48 .06  g. p e rm a n g a n a te .

The percentage of iron from these three analyses is 
46.63, 46.49 and 46.54; the mean valu? is 46.55 per 
cent. Fe.

2. Gravimetric.— The first determinations of the
iron were made by the gravim etric method. To our
surprise, they were all unaccountably high. As 
a result of some study it m ay be said that determinations 
by this method are invariably too high if certain pre­
cautions are not taken, and in view of the importance 
of the method our experience is here included.

If the precipitation is done in platinum  by pure 
ammonia, the results leave little to be desired. In 
the following determinations, the sulphide was dis­
solved in aqua regia, the excess of acid removed
by evaporation, the residue dissolved and filtered 
into platinum and twice precipitated by pure am ­
monia. In this precipitation the details given b y  
Lunge were followed, viz., the liquid was heated to 
a temperature of 40-50 °, the afnmonia added 
and the whole then heated to boiling. In the
second precipitation macerated filter paper was added 
to the solution to make the ignited precipitate more 
porous and to insure the complete reoxidation of any 
magnetite formed in the burning.2 The second pre­
cipitate was thoroughly washed by the aid of the 
pump. The ammonia used was purified b y  distillation, 
the washed vapors being absorbed by water in a 
ceresin bottle; 25 cc. of this ammonia gave no weighable 
residue.

P y r i te  (a) 0 .5272 g. g a v e  0.3504 g. F e ,0 3; F e  =  46 .4 6 % .
(6) 0 .5344 g. g a v e  0.3557 g. F c20 3; F e  =  4 6 .5 3 % .

The mean value, 46.49, agrees very closely with the 
theoretical number for FeS,, viz., 46.55 per cent. Fe.

1 T h is  h e a te d  s a l t  (as  w as a f te rw a rd s  o b serv ed ) re a c te d  v e ry  s lig h tly  
a lk a lin e , d u e  to  th e  fo rm a tio n  o f a  trace o f sod ium  c a rb o n a te , b u t  c a n n o t 
a c c o u n t fo r th e  f a c t th a t  th e  v o lu m e tr ic  re s u lts  a re  so m ew h a t h ig h e r th a n  
th e  fina l re s u lts  o b ta in e d  b y  p re c ip ita tio n  w ith  am m o n ia . A n y  o th e r  
im p u r i ty  in  th e  o x a la te , if  n e u t ra l  to  p e rm a n g a n a te , w ou ld  of cou rse  m a k e  
th e  p e rc e n ta g e  of iro n  too  h igh .

2 w .  F . H illeb ran d , B u ll.  U . S .  G. S .  305 , p . 88.
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M arcastie  (a) 0.5028 g. g a v e  0 .3344 g. F e 2Og; F e  «= 46 .4 9 % .
(6) 0 .5209  g. g av e  0.3471 g. F e 2Oa; F e  *= 4 6 .5 7 % .

The mean value is 46.53%  Fe.
A  Common Error in the Gravimetric Determination 

of Iron.— From  several private communications, as 
well as from our own experience, it  appears that the 
results obtained from gravim etric determinations of 
iron are generally too high, and b y  an amount which 
m ay well be 2 per cent, of the total iron present. 
Nevertheless, there appear to be.no specific references 
to this fact in the literature. The first two analyses
of pyrite made b y  us gave identical results, 47.45
per cent. Fe, which are certainly much in excess of 
the true value. These analyses were performed ex­
actly as described above, except that the iron was 
precipitated in beakers of Jena glass by means of am ­
monia, the purity of which had not been recently 
controlled. This was confirmed b y  a number of anal­
yses of a solution of ferrous ammonium sulphate, 
in which the conditions of oxidation and precipita­
tion were varied; the results, however, varied only 
from 0.004590 to 0.004623 g. F e per g. solution, as 
compared with 0.004524 obtained volum etrically.

I t  was now found b y  evaporation in platinum 
that the ammonia left a residue; this ammonia had 
been redistilled not long before; nevertheless, from 
25 cc. of it (about the amount used in a double pre­
cipitation), insoluble residues weighing 3.0-3.2 mg., 
were obtained. Now, since the usual weight of a 
precipitate of F e ,0 3 is from 300-350 mg., it is evident 
that this source alone m ay be responsible for an 
error of as much as 1 per cent, of the total iron. The 
ammonia was therefore subjected to redistillation 
and the washed vapors absorbed by water in bottles 
of (1) ordinary glass, (2) Jena glass, and (3) ceresin 
(such as are used for hydrofluoric acid).

Direct tests made one month later showed the
amount of residue from 25 cc. ammonia from each #
of these to be respectively: (1) 0.7 m g.,1 (2) 0.4 mg., 
(3) 0.0 mg. The ceresin bottle is thus entirely satis­
factory;2 the others have been attacked by the am ­
monia to a slight extent, but sufficient to produce 
an error in the determination of iron, which is not 
negligible.

T h at im purity in the ammonia is not responsible 
for the whole error is evident from the following anal­
yses, in which the iron was precipitated twice in 
Jena glass beakers by means of pure ammonia: (a) 
0.5048 g. pyrite gave 0.3383 g. ppt., whence Fe 
=  46.85 per cent. (b) 0.5239 g. marcasite gave
0.3514 g. ppt., whence Fe =  46.89 per cent.

1 T h e  d is ti lla tio n  o f  th is  a m m o n ia  w as c o n d u c te d  w ith  v e ry  g r e a t  ca re . 
T h e  m u c h  la rg e r  a m o u n t o f im p u r i ty  g iv e n  a b o v e  is  n o t  to  b e  re fe rre d  to  
a n y  sp ec ia l la ck  o f ca re  d u r in g  th e  d is ti lla tio n , a n d  t h a t  su ch  an  a m o u n t 
is  n o t e x c e p tio n a l is  sh o w n  b y  th e  u n ifo rm ly  h igh  r e s u lts  o f a  n u m b e r  o f 
an a ly ses  in  w h ich  o th e r  sam p les  o f  a m m o n ia  w e /e  u sed . H o w e v e r th a t  
m a y  b e , th e  figures re p re s e n t r e a l am o u n ts , w h ich  m a y  b e  e n c o u n te re d  b y  
a n y  on e  w ho  d o es  n o t  sp ec ia lly  c o n tro l th e  p u r i ty  o f th e  a m m o n ia  h e  uses.

2 S u ch  b o tt le s  a re  u sed  to  som e e x te n t  fo r  th is  pu rp o se . T h e  m a g ­
n itu d e  of th e  e rro rs  ca u se d  b y  a m m o n ia  w h ich  h a s  b ee n  k e p t  in  g lass does 
n o t  a p p e a r  to  h a v e  k ee n  g en e ra lly  recognized .

Thus the error is still fu lly 0.6 per cent, of the total 
iron. Further, special experiments undertaken with 
the purpose of tracing down this source of error showed 
that the use of glass beakers was responsible, and that 
by discarding glass entirely, and by making the 
precipitations in platinum  vessels, satisfactory re­
sults are obtained.

The definitive determinations of iron in pyrite and 
marcasite were made under these conditions, and as 
we have seen, correct results were obtained. It 
is evident that it is necessary to guard against these 
sources of error whenever ammonia is used as a  pre­
cipitant; they m ay exert a specially large influence 
in the determination of aluminum, on account of its 
low atomic weight and of the fact that it is frequently 
determined by difference.

I f it  is necessary to determine both iron and sul­
phur in the same sample, the use of sodium carbonate 
for the precipitation of the iron is advisable on ac­
count of larger errors otherwise involved. Experience 
has shown that it is safer to add the sodium carbonate 
slowly, and in dilute solution (in order to diminish 
occlusion), and that it m ay sometimes be necessary 
to make more than one subsequent precipitation 
with ammonia, in order to obtain precipitates free 
from all foreign material.

C o m p l e t e  A n a l y s e s  o f  P y r i t e  a n d  M a r c a s i t e .

P y r ite . M arcas ite .
F e ................................................................................ 46.49* 46 .53*
S ....................................................................................... 53.49* 53.30*
S i0 2.................................................................................. 0 .O 4  0 .2 0

100 .02  100 .03

W e have selected the gravim etric results for iron 
as nearer the truth; if the volum etric numbers are 
used, the summations become 100.25 for pyrite and
100.05 f ° r marcasite.

Comparison of Authors’ Method with that of Hintz 
and Weber.— W e have elsewhere shown that the method 
of H intz and Weber, though a great improvement 
on those which preceded it, depends on a compensation 
of variable errors. The following figures (their best) 
give an idea of the accuracy.2

A ss is ta n t I .  A ss is ta n t I I .
4 8 .2 5  4 8 .1 5
4 8 .6 2  4 8 .4 1

The variations in the work of each analyst are: 
I, 0.37 per cent., and II, 0.26 per cent., of the pyrite, 
or 0.7 per cent, and 0.5 per cent, of the total 
sulphur. Our own results show variations of 0.07 
per cent, and 0.05 per cent, of the sulphide, =0.13 
per cent, and 0.10 per cent, of the total sulphur. 
These are the results obtained b y  using Carius’ method 
in the oxidation; the results of the other methods, 
although they indicate a loss of sulphur, show equal 
uniformity in the determination of the sulphur present.

Application of the Method to Other Insoluble Sulphides.
* A v erag e  o f  tw o  d e te rm in a tio n s .
8 Z . ana l. C hem ., 45, 44 (1906).
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— Although we have not tried the method proposed in 
this paper in the analysis of other sulphides, the prin­
ciples which we have discussed, viz., the error involved 
in the grinding of sulphides, the method of oxidation 
and the corrections for barium sulphate precipitates, 
would appear to be of perfectly general application. 
In the case of sulphides like those of antim ony and 
bismuth in which not all the sulphur would be in 
soluble form after oxidation, an excess of sodium 
carbonate would be required to transform it all into 
sodium sulphate, and the excess of sodium carbonate, 
of course, would have to be subsequently changed 
into sodium chloride, which, as we have seen, increases 
the errors due to occlusion and volatility. The 
method, however, is still applicable, though the errors 
would have to be determined for each special case.

SUMMARY.

I t  has been shown that when the sulphides of iron 
are ground for analysis, they suffer partial oxidation 
to sulphur dioxide and ferrous sulphate. If they 
are finely pulverized this error is not negligible; it 
m ay be reduced to 0.05 per cent, by gentle crushing 
to 20-mesh size, which is sufficiently fine for the pro­
posed method of analysis. Inhomogeneous material, 
such as would be m et with in commercial work, 
would have to be pulverized for the purpose of accurate 
sampling. In that case, the error could be determined 
b y  washing a weighed portion of the powder with 
boiled water in an atmosphere of carbon dioxide, 
and determining the iron in the washings; the opera­
tion is rather exacting on account of the readiness 
with which the moist sulphide oxidizes.

In the proposed method, the sample is oxidized 
in sealed tubes, according to Carius; this avoids 
all possible loss of sulphur. Lunge’s and even Fre- 
senius’ method gave in our hands lower results, a 
fact which we attributed to a loss of sulphur during 
oxidation, occasioned by the use of coarse material, 
or perhaps, in Fresenius’ method, to the presence of 
iron in the barium sulphate.

The iron is removed by two precipitations with 
sodium carbonate. The object of this is to avoid 
ammonium salts, which cause much larger losses of 
sulphur. In precipitating the barium sulphate several 
conditions must be carefully followed, viz., the free 
acid m ust be reduced to a small measured quantity, 
and the precipitation m ust be made a t a measured 
rate. These two conditions are necessary because 
they determine the composition of the precipitate, 
which is not pure barium sulphate, while the first 
determines also the loss b y  solubility.

In every case, three corrections must be made 
on the weight of the barium sulphate precipitate: 
(1) a correction for solubility of the precipitate, which 
depends on the volume of the solution and the quantity 
of free acid it contains; (2) a correction for the oc­
clusion of sodium sulphate b y  the precipitate, which

depends on many conditions, but chiefly on the .quan­
tity  of alkali chloride originally present in the solution; 
(3) a correction for a certain amount of free sulphuric 
acid lost on ignition. This is not due to any sort of de­
composition of the barium sulphate, but to the presence 
in the precipitate of “ free”  sulphuric acid, probably 
in the form of sodium acid sulphate. The most im­
portant conditions affecting this error are the quantity 
of free acid and of sodium chloride in the solution, 
and the rate at which the precipitation is ma.de; an 
increase of either acid or sodium chloride increases 
the error; a rapid rate of precipitation decreases it, 
but so far as our experiments have been carried, there 
is not in this case sufficient uniformity in the results 
to allow of satisfactory corrections. Constants m ay 
be used in making all these corrections if the conditions 
set down are carefully followed, but otherwise they 
must be determined b y  methods given in the body 
of this paper. These corrections have been fully 
worked out by studying the precipitation of pure 
sodium sulphate under various conditions. The an­
alytical data on the sulphides appear the more certain 
since they have been controlled by complete analyses 
of material which gave both positive and negative 
evidence of nearly theoretical purity.

The sum of the errors in this method, apart from 
that involved- in the grinding, should not be over 
0.2 per cent, of the total sulphur. The extreme 
variation in our own analyses was less than 0.15 per­
cent. and the agreement was equally good when other 
methods of oxidation were combined with our own 
scheme of precipitation and correction. H intz and 
W eber’s method for sulphur in pyrite is the best 
hitherto described; its essential features are oxida­
tion according to Lunge, and a rapid precipitation 
of the barium sulphate. Their own best published 
results, however, vary from 0.5 per cent, to 0.7 per 
cent, of the total sulphur.

Incidentally, it was learned that the precipitation 
of iron by ammonia involves much larger errors than 
have generally been supposed, if, as is customary, 
the ammonia is kept in glass bottles and the precipi­
tation is made in glass beakers. The same error 
would affect the precipitation of alumina and other 
similar oxides.

G e o p h y s i c a l  L a b o r a t o r y ,

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

W a s i i i n o t o n , D . C., M arch  3 ,  1 9 1 0 .

[ C o n t r i b u t i o n  f r o m  N e w  M e x i c 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 .]

EXAMINATION OF CANDELILLA W AX.
B y  R .  F .  H a r e  a n d  A .  P .  B j e r r e g a a r d .

R ec e iv ed  M arch  1 ,1 9 1 0 .

Description of the Plant.— The w ax here reported 
upon is found coating the entire surface of a plant 
that grows wild in' the semi-arid regions of northern 
Mexico and southern Texas. The plant is reported
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to be abundant oyer large areas of this section, where 
it occurs as bunches of leafless, reedlike steins 2 to 4 
feet high and from %  to y i  inch in diameter. The 
common name given to the plant by the Mexicans 
is candelilla. According to competent botanical au­
thorities it is in all probability Euphorbia anti- 
syphilitica

Preparation of the W ax.— The stems of this plant 
received by us from Mexico were tied in bundles, 
thrown into a  vessel of cold water and weighted down 
to prevent them from floating. The water was then 
heated to boiling, when the w ax melted and rose to 
the surface. A fter cooling, the impure cake of w ax 
which floated on the water was removed and dried. 
In this condition it was of a dark brown color, due

CONSTATSTTS

C ande lilla

90 per cent, benzene mentioned above was found to 
be an excellent solvent when hot. The hot solution 
from all of these solvents gelatinized to a pomade-like 
mass on cooling. Upon slow evaporation from 
dilute solution it formed white cauliflower-like masses. 
An examination under the microscope showed no 
crystals or polarization effect in either the pomade 
mass or the solid formed from slow evaporation of 
the dilute solution. The w ax obtained in the manner 
described above had 0.64 per cent, ash which was 
practically pure calcium carbonate. Some of the 
physical and chemical constants of candelilla w ax 
are given in the following table along with those of 
carnauba wax, beeswax and Chinese insect w ax as 
given by Lewkowitsch.

o f  W a x e s . 

w ax .

15°

15°

A cid  v a lu e  in  m g. K O H ...................
S ap o n ifica tio n  v a lu e  in  m g. K O H .
Io d in e  a b s o rp tio n .................................
U nsap o n ifiab le  m a tte r ,  p e r  c e n t . . .
A sh , p e r  c e n t ...........................................
F a t t y  ac id s , p e r  c e n t ........................

O rig ina l R en d e red C hinese in sec t
s ta te . ash -free . C a rn a u b a  w ax . B eesw ax . w ax .

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

6 7 -6 8 °  C. 8 5 -8 6 °  C. 6 1 .5 - 6 4 .4 ° C. 8 0 .5 - 8 3 °  C.
6 4 .5 °  C. 80-81  ° C . 6 0 .5 - 6 2 .8 °  C. 8 0 .5 - 8 1 ° C.

12 .4 1 7 .4 4 -7 1 6 .8 -2 1 .2
6 4 .9 8 4 .1 79-95 90 -98 8 0 .5 -9 3
3 6 .8 3 3 .6 1 3 .5 7 .9 -1 1
91 .17 8 4 .2 55 5 2 -5 6

0 .3 4 0 0 .0 0 .4 3
6 .5 7

A t 7 1 .5 °  C. A t 8 0 °  C. A t 6 2 °  C.
1 .4555 calc, to  

4 0 °  C. 1 .471
1 .4455

to presence of minute fragments of bark and other 
foreign matter. The w ax was purified by dissolving 
in hot chloroform, filtering hot and removing the 
chloroform by evaporation over the water bath. 
It was then further purified by dissolving in a boiling 
mixture of three parts absolute alcohol and two parts 
of 90 per cent, benzene. This solution was filtered 
hot and the solvents again removed by evaporation 
over the water bath. The product thus obtained 
was a pale grayish yellow, opaque solid, the opacity 
being caused by a small amount of water. When 
the sample was melted and dried, it lost 6.36 per cent., 
became translucent and assumed a brownish yellow 
color. The amount of w'ax obtained in this form 
amounted to about 2.5 per cent, of the partially 
dried plants.

Examination of the W ax.— The hardness of this 
wax on the mineral scale was found to be between 
1 and 2. It was harder and more brittle than bees­
wax, but not so hard and brittle as carnauba wax. 
It had the odor of beesw’ax, and this is much more 
pronounced when the w ax was warmed. It  was 
but slightly soluble in cold ether, chloroform, alcohol, 
turpentine, gasoline, carbon bisulphide and acetone, 
but readily soluble in all of these when hot. Mixing 
these solvents was not usually found to improve the 
solubility when cold, but the mixture of alcohol and

1 A d esc rip tio n  o f th is  p la n t  is  fo u n d  in  l)e  Candolle P rodrom es, 
15 , P t .  2a. 69.

It  will be seen from the table that the specific 
gravity, melting point, solidifying point, acid value, 
and refractive index of candelilla w ax is intermediate 
between beeswax and carnauba wax. The saponi­
fication value is lower than either. The iodine ab­
sorption (Hanus method) and per cent, unsaponifiable 
m atter are both much greater than either.

The unsaponifiable m atter did not increasa in weight 
011 attem pted acetylation. It  was a dull brittle w axy 
mass of a dark ochre-yellow color soluble in hot absolute 
alcohol, chloroform and acetic anhydride. The whole 
solution solidified on cooling to a wrhite pomade-like 
mass similar to that of the original wax. The un­
saponifiable m atter dissolved in hot gasoline, and in 
a hot m ixture of chloroform and acetic anhydride, 
and in both cases the solution remained clear on cool­
ing. Concentrated sulphuric acid added drop by drop 
to the latter solution caused a purplish red color with 
faint yellowish green fluorescence. The color did not 
change on standing but the fluorescence became olive 
colored. Dissolved in chloroform, cooled and an 
equal volume of concentrated sulphuric acid added, 
a yellow color resulted. A fter shaking and settling 
the upper layer was very pale yellow and the sulphuric 
acid layer dark ochre colored. Dissolved in acatic 
anhydride and a drop of 60 per cent, sulphuric acid 
added a pale violet pink color appeared (Liebermann- 
Storch reaction). It dissolved com pletely in warm 
concentrated sulphuric acid with a reddish brown
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color. On dilution and standing several hours the 
solution became pale lavender, while a dark olive- 
green semi-solid floated on top. This sample of 
unsaponifiable m atter began to soften at about 75 °C ., 
but was not sufficiently liquid to flow at i.25°C. 
It  contained considerable ash not readily soluble in 
water, but soluble in dilute acid. The ash was found 
to contain some lime.

The low saponification value obtained by us was 
probably not due to insufficient saponification, as the 
wax was digested for five hours in very strong solution 
of caustic soda prepared by dissolving sodium in 
alcohol admixed with an equal volume of purified 

, gasoline.
The w ax acids separated from the soaps obtained 

in the saponification were dark brown, softer than 
the original w ax and free from ash.

The w ax was prepared ash-free by dissolving in 
boiling glacial acetic acid and pouring the hot filtered 
solution into an equal volume of cold dilute hydro­
chloric acid. A fter thoroughly washing the wax 
obtained in this manner with water, some of its chem­
ical constants were determined and are given in the 
table with those of the w ax as examined in the original 
state. The cause for the differences there shown 
is not apparent.

The dried and filtered commercial w ax yielded on 
combustion the following average of two closely agree­
ing determinations:

C arb o n , p e r  c e n t ..........................................................................  8 0 .3 0
H y d ro g en , p e r  c e n t .................................................................... 12 .6 9

A  sample of sugar cane w ax analyzed by D um as1 
was found by him to contain 81 per cent, carbon and 
14. i6 per cent, hydrogen. He regarded this substance 
as an alcohol of the formula C21I i 50O.

It  will be observed that the candelilla w ax is some­
what similar to the cane w ax in its ultim ate com­
position. The probabilities are, however, that can­
delilla w ax like carnauba w ax is a m ixture of an alcohol, 
an ester, and some free fa tty  acid. If, however, an 
alcohol is present it should be possible to acetylate 
the unsaponifiable matter. We attem pted the acetyla- 
tion by the Benedict-Lewkowitsch method, but ob­
tained negative results.

CONSTANTS OF CHINESE WOOD OIL.
B y  A d o l p h  K r e i k r n b a u m .

R ec e iv ed  M arch  11, 1910.

Chinese wood oil is a com paratively new article 
in general commercial use. It  is now very much used 
in the m anufacture of varnishes.

In the following work only the results of the de­
terminations of the constants are given and a dis­
cussion of the analytical features added. The litera­
ture offers com paratively little definite regarding the 
constants of the oil and at most a  considerable con-

1 Q u o te d  b y  B ro w n e  in  B u l l.  91, L o u is ia n a  E x p e r im e n t S ta t io n .

fusion of figures together with a wide range given 
for the various constants.1 In some cases in­
dividual analyses upon some sample of unknown 
or doubtful source is submitted and in other cases
it is evident that a confusion of products is at fault
in that Japanese wood oil and Chinese wood oil have 
been classed alike,2 being in the opinion of the 
writer two separate and distinct products. This
opinion is based upon references found in liter­
ature3 and not from original knowledge. The 
values given by Lewkowitsch in the table of constants 
for Chinese wood oil are evidently some Chinese
wood oil and some Japanese wood oil figures. The 
values given for the specific gravity  of Chinese wood 
oil by Lewkowitsch himself agree with the results 
obtained in this work. It  seems that a distinction 
should be observed between the two products, Chinese 
wood oil and Japanese wood oil by all chemists, 
because the two oils are evidently separate and dis­
tinct substances, and the indiscriminate interchange 
of the figures of the two oils under one synonym  
Tung  oil causes an unnecessary confusion and hard­
ship for the analytical chemist, who m ay be com­
pelled to make use of published data for reference.

The value of the work embodied in this article and 
the results obtained and submitted in their entirety 
are due to the fact, that the determinations of the 
constants have been made upon exact and carefully 
taken average samples of large commercial shipments 
of Chinese wood oil. This has been done for two 
years and the samples examined thus show how 
uniform a product the Chinese wood oil of commerce 
is. The investigation also reveals the fact that each 
constant varies but very slightly with the exception 
of the free acid value. The complete figures for 
each sample will tell their own story best.

All of the following specimens of the oil represent 
an average of regular commercial shipments. Se%Teral 
fluid ounces of the oil were taken from each barrel, 
emptied into a single container, mixed thoroughly 
and preserved in a tightly stoppered bottle filled close 
up to . the cork and the bottles preserved in a dark, 
cool cupboard near the floor. More specific details 
are given directly under the various specimens. The 
column marked Age in the analysis tables indicates 
the time alapsed between the receipt of the shipment 
and the date the particular analysis was made.

Number i.

Shipment received October, 1907. Represents aver­
age of about 100 barrels which bore the same brand. 
Filled one-gallon can full, tightly stoppered; kept in 
cool place. October, 1908, transferred some of this

1 T o ch , C hem istry a n d  Technology c f M ix e d  P a in ts , ed . 1907, p . 9 9 ; 
Chem . E n g r  . 9, 186.

2 A n a ly s t, 23 , 113. 118.
3 Ib id ., 23 , 113. 118; K a m e ta k a , J . S .  C . I . ,  27, a b s t r a c t  o f J .  CoU. 

S cience Im p . U n iv . T o kyo , 1908, p . 2 5 ; L ew k o w itsch , Chem . T ech . a nd  
A n a l. O ils . F a ts  a n d  W a xes .
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oil into a. x6-oz. bottle and filled nearly to the cork. 
Determinations made from this bottle sample:

1 5 . 5  A c e
S pec. g rav . 0 .9 4 1 6  ~ z~ z  P y c n o m e te r . R em ark s .

. 1 5 . 5  * 13 m os.

0 .9 4 2 2  ** 2 y rs . P o m e d  fro m  b o t-
^  ^ tie  w ith o u t  s h a k ­

ing-
F ree  a c id  4 .8  m gs. K O H . 13 m bs.

192 .2  )
S a p o n i N o . ^  5 j - 1 9 1 .8  • 24 “

  ! ! ? • * )  1 7 l U  H u b l l S h r s . 1 3  ■ H “ W  SO' Uti° n  6170 .8  ) d a y s  o ld.

“ ............ ’ 1 7 0 .9  “ 3 . «  U  " I ® “  “ ,U ti° n  71 7 1 .8  J d a y s  o ld.
« , 1 6 8 .9  1

  169.2  } 169 ' °  18 16 “
165 .5  V

  164 .5  } 165 0 3 16
1 7 0 .0  )'

• ..........  16 9 ,5  h 6 9 ' 7 4  17

." .............  1 7 0 ' 1 I  170.1 " 18 " 21 "
170 .2  J

“ ---------  2 1 2 .2  I j l O . S  H a n u s  30  m ill. 16 “
2 0 9 .4 J

“ ........  209.7)_ 20g , .. go u 16 „
2 0 6 .6 )

“   2 0 8 .3  ) 2 „ 30  „ 12 „
2 0 9 .0  /

“ ............ 196 .0  19 6 :0  “ 30 “ 12 “

Number 2.

Received October, 1907. Average of 100 barrels, 
the lightest colored ones found in a  total lot of 600 
barrels, coming from different shippers. One-gallon 
can full retained. Transferred some of the oil to 
bottle , October, 1908, from which determinations 
were made.

1 5 .5  A ge
S pec. g rav . 0 .9 4 2 7  ", P y cn o m e te r . , ,  R em ark s .

15 .5  13 m os.

u 0 .9 4 3 5  11 24 “ P o u re d  fro m  b o t-
1 ^ .5  t ie  w ith o u t sh ak -

15 5 in *-
“ “ 0 .9 4 3 2    “ 24 u B o tt le  sh ak en ,

o il w ell m ixed .
F re e .a c id  2.3 m gs. K O H . 13 M

Sapon. No. j g o j } 190' 6 24 "

 s j K *  “ '  “ i . , “ '“ '1”  ‘

'  m . ! ! 1" "  "■ 18 '  “  "

V  ¡ S i } “ !  ■ » •

•  -  *■

"   n  197 .2  H a n u s  30  m in . 12 “
1 9 7 .8  J  ,

'  ■■‘ v  m l }  195:2 “ 30 “ 13 “

“ 2 « : ! } 2 0 1 -9 “ 30  “ 16 “

“   ^ . l } 210-2 “ 30 “ 16 “
“ .......... 2 0 7 .8  2 0 7 .8  “ 30 “ 24 “

Number j .

Received October, 1907. Average of 400 barrels 
darkest colored oil from a total of 600 barrels. One- 
gallon can of the oil retained. Transferred to bottle 
October, 1908.

S pec. g ra v . 0 .9 4 3 6
1 5 .5

15 .5
P y c n o m e te r .

F ree  ac id  3.3 m gs. K O H . 
192.

S ap o n . N o. 

Io d in e .........
191
168
169
163
165
169
169
172
171
195
197
200
202

2}
:?}

:o}

,0}

:?}
.1}

Age. 
24 xnos.

13 “ 

24 M

R em ark s .
F ro m  1-gal. cail 
h a lf  fu ll, exposed  : 
to  a ir  1 year.

F ro m  o rig in a l 1 - 
gal. c a n  h a lf  fu ll.

1 6 9 .0  H ü b l 18 h rs . 16

164 .5

169 .2

171 .6

16

21

19 6 .5  H a n u s  30 m in . 12

2 0 1 .4 30

Number 4.

Received October, 1907. Average of 20 barrels 
marked with a certain brand. Light color. Sample 
kept in one-quart can in dark, cool cupboard near 
floor. Can about half-full. Transferred into bottle 
October, 1908. Bottle com pletely filled.

R em ark s .
F ir s t  y e a r  in  1 - 

! 5 .5  _  A pe q u a r t  can  h a lf  f u l l ;
s eco n d  y e a r  1 K  
inch  a ir  sp ace  in  
b o ttle .

S pec . g ra v . 0 .9 4 5 4 P y cn o m e te r . A ge 
24 m os.

F re e  ac id  1.7 m gs. K O H .
1 9 0 .9  1 

S a p o n . N o. 19Q s  j  190 ,7

I o d in e   1 6 2 .8 1  -
1 6 3 .1 J

•   i S J } ' « . »
■ .....

- .....

13

24

H ü b l 3 h rs . 17

H a n u s  30 m in . 13

30 17

Number 5.

Received September, 1908. Average of 88 barrels. 
Filled 16-oz. bottle and preserved like the rest in dark, 
cool cupboard.

S pec. g rav . 0 .9 4 1 4
1 5 .5

iTTi
F ree  ac id  4.5 m gs. K O H .

S ap o n . No. 

I o d in e . . . .

204

S.3 1 
S . O f

1:3}

■.a

:S}
.3

165.
168.
168.
169.
173.
172.
196.
195.
197 .3  197 .3
1 9 1 .:

1 6 6 .6

169.1

1 7 2 .8

196 .0

197 .6

P y c n o m e te r .
A ge 

12 m os. 
10 d a y s  

12 m os.

H ü b l. 3  h rs . 5 “

«4 4  .« 5 “

20 “ 10 u

H a n u s  30  m in . 1 u
30  “ 5 M

30  u 5 M

Number 6.

Received October, 1908. Average of 400 barrels. 
Filled some into bottle at once and preserved as usual.
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15 .5
S p ec . g ra v . 0 .9411  

F re e  ac id  5.3 m gs. K O H . 

S ap o n . N o. }  19 1 .7

iodinc  ! « : « } 169-4
171 -4 1

. .......... 1 7 1 .9  I 171 ' 6
170 .1  170.1

  1 92 -2 \  19 2 .4
1 9 2 .6  J

  200.0 200.0

•   ¡S:5

P y c n o m c tc r .
A ge 

16 d ay s  

14 u 

12 m os.

H tib l. 3 h rs .

4 «

18 “ 

H a n u s  30 m in . 

10  “

30 "

4  “

9 «

1 d a y

2 “
4 m os.

Number 7.

Received October, 1908. Average of '100 barrels. 
L ight color. B ottle sample preserved a t once.

S pec. g ra v . 0  .9406

0 .9401

1 5 .5
1 5 .5

S ap o n , N o.

Io d in c ,

3 .5  1 
) .7  J 19 0 .6

•1 6 9 .4  H iib l.

■ 173 .3

170.1

u 0 .9 4 0 7  
F re e  ac id  6.1 m gs. K O H . 

6.3 
190 .5  
190.
168 .7
17 0 .2
17 3 .4
173 .3
170 .3  
170.
2 0 5 .3  
2 0 5 .9
2 0 4 .5  
2 0 8 .1
2 0 1 .3
19 1 .0
1 8 8 .8
1 8 9 .0
2 0 1 .0  
197 .2

3 .3  \  
3 .0  J

► 2 0 5 .6

► 2 0 6 .3

• 196.1

• 1 8 8 .9

•199 . 1

Age.
2 d ay s .

R em ark s . 
F ro m  b o tt le .

7 d ay s

12 m os. 
2 d ay s  
5 “

F ro m  y i  g a l. can  
o f sam e  lo t. 

F ro m  b o tt le .

12 m os. V

3 h rs . 4 m os.

4 “ 5 “

18 “ 9 “

3 0  m in . 2 d ay s

30  “ 2 “

“ 4  m os.

30  “ 5 M

B ro m in e  in  excess. 
L inseed , 1 8 7 .1 .

Number 8.

Received June, 1909. Average of 249 barrels. 
Oil stood in one-gallon can open to air for two weeks 
before bottle sample was transferred.

S p ec . g ra v . 0 .9 4 1 3
15 .5  

15̂ 5
F re e  ac id  7.0 m gs. K O H .

S ap o n . N o.
190.
189

I o d i n e . .   17 0 .7
“ . . . . .  170 .4

18 9 .8

170 .7  H iib l. 20 h rs . 
1 7 0 .4  “ 5 M

A ge.
2 m os. 

2 “
4  “

1 M 
3 “

Number g.

Received June, 1909. Average of 200 barrels. 
Oil left in open pail nine days before bottle sample 
was transferred.

Spec. g ra v . 0 .9 4 1 3
1 5 .5
1 5 .5

F re e  ac id  7.1 m gs. K O H . 

S ap o n . N o. I  190 .5

Age.
3 m os. 

3 M 

3 “

Io d in e    m ' 5 |  1 7 1 .6  H u b l. 18 h rs . 1 “

* .........  173 .1  173 .1  M 5 “ 3  “

Number 10.

Received September, 1909. Average of 500 barrels. 
Filled into bottle at once.

1 5 .5  A ce
S pec. g ra v . 0 .9 4 1 2  — ;  **

1 5 .5  Y* m o.
F re e  ac id  2 .4  m gs. K O H .

S ap o n . N o. Jq q '*  j  190.fi “

Io d in e   17 1 .6  17 1 .6  H iib l. 7 h rs . 'A  “
“   1 6 7 .9  1 6 7 .9  “ 3  " 'A  “
“   1 6 8 .6  16 8 .6  " 4  “ : 'A  “

The results of this work indicate quite conclusively 
that the Chinese wood oil of commerce is a very  uni­
form product. The constants vary  but little. Suni- 
marizing the results there are obtained, the following 
figures for the constants:

15.5
S pecific  g ra v i ty  ™  s b y  p y c n o m e te r  0.941

F re e  ac id  1.7-7.1 a v e ra g e  4.4 m gs. K O H
S a p o n . N o. a v e ra g e  190.9
Io d in e  N o. H iib l a v e ra g e  170.4% .

The specific gravity  of the fresh oil as received 
is practically 0.941. The minimum observation was 
0.9401. In contact with air the specific gravity  of 
the oil increases. Sample 4, which was in contact 
with much air for 2 years, gave at the end of that 
period 0.9454 and is the maximum figure obtained; 
others increased in a less degree. All determinations 
were made with the pycnometer. The W estphal 
balance, which gives accurate results upon such 
liquids as turpentine", benzine, alcohol etc., gives
results 1 to 2 points in the third decimal too low when 
used for linseed oil or Chinese wood oil.

The free acid varied from a minimum observation 
of 1.7 to a maximum of 7.1 mgs. K O H , with an average 
of 4.4 for the ten samples.

The saponification number is 190.9, being the average 
of ten figures, minimum observation 189.8, maximum 
191.8.

The iodine number proved to give interesting
results, in the first place b y  giving such, uniform re­
sults with the Hiibl method and giving figures dif­
fering from those usually assigned to the oil in litera­
ture, and secondly-, because the Hanus method was 
found inapplicable to Chinese wood oil. A s a rule, 
the working of each iodine solution used, whether 
Hiibl or Hanus, was tried for its action and result 
upon a sample of acid-free linseed oil kept for that 
purpose. The usual iodine number obtained for the 
linseed oil sample was 183-184 and the Chinese wood 
oil results were between 169-171 for these solutions. 
When the result on the linseed oil reached 185, the 
Chinese wood oil (see sample 7) showed 173. The 
H iibl solutions were from 12 to 48 hours old when 
used, except in the cases where stated otherwise. 
I t  can safely be said that the iodine number b y  the 
H iibl method is quite uniform in the neighborhood 
of 170 and age has had practically no effect oh it. 
A  three-hour absorption is insufficient, a four-hour ab­
sorption giving in most cases almost complete results, 
assuming 18 hours as standard. For the 18-hour 
absorption the minimum was 169.0, maximiim 173.x,
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The average of all Hiibl iodine absorptions between 
4 and 20 hours is 170.4. The 3-hour absorptions gave 
an average of 166.9 on 8 determinations, w ith a 
minimum of 162.9 and a  maximum of 170.9. The 
4-hour absorption shows an average of 169.7 on 8 
determinations with a minimum of 168.6 and a m axi­
mum of 173.3. Tw o 5-hour absorptions gave 170.4 
and 173.1. One 7-hour absorption gave 171.6. I t  
can be assumed from the results of this work and 
upon the strength of it recommended that a 6- to 7- 
hour absorption will in all cases give a complete iodine 
absorption b y  the Hiibl method. The results show 
that no further remark is necessary than that the 
Hanus method is not available for Chinese wood oil, 
although each Hanus solution gave results with the 
linseed oil sample, which agreed closely with Hiibl 
determinations upon the same, this being a check test 
nearly alw ays made to prove that the Hanus solution 
was not at fault.

I t  is m y sincere hope to see a complete research 
made upon Chinese wood oil, so that the figuras, which 
I submit here, will be verified and that all might be 
known, which good investigation will bring out, and that 
we become more enlightened about this most curious 
of vegetable oils. Further work in confirmation and 
extension of these results will be taken up by coopera­
tion with other investigators.

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

T h e  G l i d d e n  V a r n i s h  C o . ,

C l e v e l a n d , O ., F e b ru a ry  16, 1910.

GAMBOGE.
B y  F . O. T a y l o r .

R ec e iv ed  M arch  10, 1910.

Of all the resins more commonly used there is none 
whose ordinary adulterations are more easy to detect 
than those of gam boge; nevertheless, we find that 
not only in the powdered state but also in the form 
of pipes or lumps it is largely adulterated. The 
adulteration of powdered resins is to be expected, but 
when the detection of adulteration is so simple a m atter 
as with gamboge, one would imagine that at least 
more obscure methods of adulteration would be pur­
sued. Such, however, seems not to be the case. 
For the purposes of this examination, fifteen samples 
of gamboge were obtained from a variety of sources, 
eight of these were powdered and seven were either 
pipes or broken lumps. The appearance of the pow­
dered samples varied from an orange color to lemon- 
yellow, while of the seven unpowdered samples, five 
were of first-class appearance and two were consider­
ably lighter in color than a good quality of gamboge 
should be, one of these being in form of pipe and marked 
"Saigon Gam boge.”  The examination of gamboge 
for adulterations as published in pharmaceutical 
literature has been chiefly confined to the examination 
for starch and almost exclusively to the powdered

form. Eberhardt1 records his results in the examination 
of a number of samples of gamboge for starch and states 
that in several years’ experience he had failed to dis­
cover a powdered gum that would not show at least 
a slight test for starch; in none of the samples of pipe 
gamboge did he discover any traces of starch. H ow­
ever, Daniel Base, in a paper before the Maryland 
Pharmaceutical Association,2 states that he found, 
by means of a microscopical examination, a  number 
of samples of gamboge adulterated in this manner, but 
attributes some of the adulteration to the use of 
dextrin instead of starch.

The present examination included the percentage 
of ash, alcohol-soluble matter, acid value and test 
for starch, the results of which will be found recorded 
in the table following:

T a b l e  I .

S am p le  S ta rc h P e r  cen t.
P e r  ce n t, 
a lcoho l, A cid

N u m b e r . T est. ash . so lub le . v a lu e .
I T ra c e  (u n d e r  1 % ) ....................... .................  1 .0 7 9 .0 5 91 .6
2 M a rk e d ............................................. .................  6 .9 3 61 .3 6 7 .7
3 N o n e .................................................. .................  0 .6 5 7 6 .1 5 8 0 .2
4 V ery  m a rk e d .................................. .........  1 1 .0 0 3 9 .2 5 5 6 .3
5 T ra c e  ( f a in t ) .................................. .................  0 .6 9 7 7 .0 8 5 .8
6 H e a v y ............................................... .................  1.91 5 7 .6 6 7 .7
7 V e ry  m a rk e d ................................. .................  6 .7 6 6 1 .0 7 3 .3
8 T ra ce  (u n d e r  1 % ) ....................... .................  1 .02 6 0 .1 6 4 .9
9 V ery  m a rk e d ................................. .................  0 .9 3 5 2 .9 5 8 0 .5

10 N o n e .................................................. .................  0 .4 5 8 4 .0 9 5 .8
11 N o n e .................................................. .................  0 .5 4 7 7 .4 8 5 .8
12 N o n e .......................... ....................... .................  0 .3 2 8 2 .0 8 8 .6
13 M a rk e d ............................................. .................  0 .7 1 6 0 .3 7 3 .3
14 N o n e .................................................. .................  1 .26 7 4 .9 8 1 .6
15 H e a v y ............................................... .................  0 .7 0 4 9 .9 5 6 4 .9

Starch Test.— -The U. S. P., Eighth Revision, in­
cludes no test for the presence of starch in gamboge, 
differing in this particular from the U. S. P., 1890. 
This was probably done with the supposition that 
gamboge in pipes, which is the only variety official, 
is not adulterated with starch. This is unfortunate, 
as out of seven samples of this character which were 
examined, two were markedly contaminated with 
starch, and in such a manner that it was evidently 
an intentional adulteration. The test given in the 
U. S. P., 1890, is sufficiently delicate for all practical 
purposes and is easily applied. Eberhardt (v. s.), 
while adm itting the delicacy of this test, has proposed 
another based on the destruction of the starch granule 
with caustic alkali (which a t the same time dissolves 
the gamboge resin), the precipitation of the resin and 
neutralization of the liquid with acid, and the testing 
of the filtrate with iodine. This test has the ad­
vantage of giving the blue color of starch iodide 
instead of the green color which appears when this 
blue is mingled with the yellow of the gamboge. In 
every case I have used the former U. S. P. test, which 
will, without difficulty, detect much less than one per 
cent, of starch.

N ot one of the powdered samples showed but a 
trace of starch. In number 5 this was faint, in num-

1 A m cr . J o u r . P h a rm ., 1896, p . 371.
2 Ib id ., 1900 , p .  189.
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bers 2 and 8 larger but still under one per cent, while 
in the others the amount of starch was very marked, 
some indications of the com parative amounts being 
given b y  the method of wording of the table. Micro­
scopical examination revealed rice starch in every 
case except number 4, which contained cornstarch. 
In the two unpowdered samples, numbers 13 and 15, 
the starch had evidently been mixed with the melted 
resin so that part of it was converted into a soluble 
form, for upon shaking the powder made from these 
with water, without heat, the presence of starch was 
distinctly indicated by iodine. The powder made 
from the remaining samples of pipe gamboge showed 
absolutely no trace of starch. The cause of the slight 
trace of starch in some powdered gamboge, so small 
that it is evidently not an intentional adulteration, 
has been considered by Eberhardt, but 110 definite 
conclusion was arrived at. I have no additional 
suggestions to offer regarding this, but the fact re­
mains that practically all samples of powdered gam ­
boge will show at least a trace of starch.

A sh .— The U. S. P. requires gamboge to contain 
not more than three (3) per cent, of ash, but a first- 
class sample of gamboge comes well below this and 
the lim it could be lowered. B u t one of the samples 
of the pipe or lump gamboge had an ash higher than 
0.75 per cent., and this one (number 14) was due 
to the presence of some traces of fine gravel, evidently 
there as an accidental contamination. A  large amount 
of the ash in numbers 2 and 7 were due to the presence 
of a considerable amount of fine sand, and the ex­
traordinary quantity in number 4 was caused by the 
presence both of sand and a marked quantity of lead 
chromate, an adulteration unique in my experience, 
and yet one which might be expected. Both gamboge 
and lead chromate being used as pigments, it is no 
more than natural to expect that the gamboge intended 
for use as a pigment would, if adulterated at all, be 
sophisticated by the addition of the cheaper pigment 
of similar color (lead chromate), which is at the same 
time a inake-weight for the lighter gamboge. E very 
sample of powdered gamboge with an ash above one
(1) per cent., contained visible traces of sand under 
the microscope, but the amount was so small that 
it could scarcely have been used intentionally. It 
is possible that the gamboge might have been pow­
dered in a ball-mill with stone balls, which would ac­
count for the traces of sand. This is the more reason­
able when it is remembered how easily powdered gam­
boge is electrified, so, for the purpose of powdering 
it, stone would be preferable to metal.

Alcohol Solubility.— The U. S. P. requires gamboge 
to contain not more than twenty-five (25) per cent, 
insoluble in alcohol. This was obtained by treating 
one (1) gram of powdered resin with one hundred 
(100) cc. of alcohol, letting stand over night with 
occasional shaking, filtering through a tared filter,

and weighing the washed and dried residue. S ix  
out of the fifteen samples are above this standard, 
while a seventh (number 14) is so slightly below 
that it  m ay properly be counted within the standard. 
Of these seven, two were powdered samples and the 
remaining five were the five best appearing unpowdered 
samples. Below this standard the remaining samples 
ranged in solubility from 61.3 to 39.25 per cent.

A cid Value.— The U. S. P. makes no requirements 
for acid value, but various observers have made record 
of this analytical value of gamboge, and the values 
assigned range between 70 and 90 for unpowdered 
samples. Von Schm idt and Erban, A. Krem cl, 
and Beckurts and Briiche1 record acid values on 
alcoholic extracts of gamboge, but these are not com­
parable to the results we give. Dieterich2 in the ex­
amination of seven samples pipe gamboge obtained 
acid values from 71.45 to 86.46, and for the powdered 
gamboge about n o , the higher value for the powdered 
variety  being due to the presence of rosin. The acid 
value was determined by the method suggested by 
Dieterich, digesting one (1) gram of resin with one 
hundred (100) cc. of alcohol on a steam-bath for 
fifteen minutes in a reflux condenser, adding fifty 
(50) cc. of water and cooling before titration. The 
titration is carried out with some difficulty because 
of the orange colored solution and the consequent 
lack of sharpness in the end-point reading. The 
following method m ay also be used, and is, I believe, 
preferable, for it enables the very rapid determination 
of both alcohol solubility and acid value at the same 
time.

Two (2) grams of gamboge are digested under a 
reflux condenser with exactly 150 cc. of alcohol for 
not less than fifteen minutes, the solution cooled and 
seventy-five (75) cc. (representing one (1) gram of 
resin) filtered off through a  dry tared filter. This 
75 cc. is used for titration of the acid value, which 
is made direct on this solution, and the filtration is 
continued so that the insoluble residue m ay be finally 
collected on the filter and weighed. This reduces 
the time for the determination of alcohol solubility 
to a few hours at most and in the acid value titration 
gives results agreeing with those obtained by Dieter- 
ich ’s method. This was proved by comparison of 
this method with Dieterich’s on a number of the above 
samples; the results as a whole, however, had been 
originally determined by Dieterich’s method, and as 
such they are recorded. The acid value of the samples 
whose alcohol solubility was up to standard ranged 
from 80.2 to 95.8. One other acid value above 80 
(number 9) had quite a low alcohol solubility, which, 
in connection with the fact that a large amount of 
starch was present, indicated colophony. Other acid 
values ranged downward from this to 56.3.

J “ A n aly sis  o f R e s in s .” D ie te rich , pp . 292 a n d  293.
2 Ib id ..  p. 204.



210 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 . May, 1910

Comparison of A cid  Value and Alcohol Solubility.— . 
The comparison of these data is instructive, and 
from it we m ay obtain a  better idea of gamboge than 
from either alone. If we take the seven samples whose 
ash and alcohol solubility are up to standard, and 
arrange them in the order of their acid value, we will 
have a  table as below.

S am p le  N o . A c id  v a lu e . A lcoho l so lu b ility .

1 0 . . . .............................................. 9 5 .8  8 4 .0
1 .................    9 1 .6  79 .0 5

12   8 8 .6  8 2 .0
11.................................... ................  8 5 .8  7 7 .4
5 ....................................   8 5 .8  7 7 .0

14 ......................................................  8 1 .6  7 4 .9
3 . . ..............................  8 0 .2  7 6 .1 5

The alcohol solubility, it will be noted, varies in 
direct proportion to the acid value with a considerable 
degree of accuracy, excepting number 1, and this, 
a powdered sample, appears to contain a small amount 
of colophony, so that though the alcohol solubility 
is lower than number 12, yet the acid value is higher. 
The samples of pipe gamboge, however, will excellently 
bear out this proportional relationship. I f  now 
we arrange the remaining samples in the same manner, 
we will have a  table as shown below, from which we 
m ay draw conclusions regarding the samples which 
are adulterated with colophony.

S am p le  N o. A cid  v a lu e . A lcoho l so lu b ility .

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

13 ...................................................... 7 3 .3  6 0 .3
2 ......................................................  6 7 .7  6 1 .3
6 ......................................... ............ 6 7 .7  5 7 .6
S ......................................................  6 4 .9  6 0 .1

15.....................................................  6 4 .9  4 9 .9 5
4 ......................................................  5 6 .3  3 9 .2 5

Sample number 9 being heavily adulterated with 
starch is also undoubtedly adulterated with colophony. 
Sample number 2 in all probability contains colophony 
and with more certainty number 6. Num ber 8, 
while possibly containing colophony, is b y  no means 
as certain as any of the others. The remaining samples 
m ay be considered wholly free from this adulteration.

S U M M A R Y .

Out of the fifteen samples examined, only six are 
unquestionable, while a seventh offering some grounds 
for suspicion is yet so good as to be acceptable for 
ordinary use. Thus we find six out of eight powdered 
samples and two out of seven samples of pipe or 
broken gamboge, so heavily adulterated that there 
would be no question about their rejection for phar­
maceutical use. Starch is found in large quantity 
in seven instances, and in addition to this, sand is 
present with evident intention in three instances. 
Number 8 is very low in alcohol solubility and acid 
value, though containing but a trace of starch; the 
ash is low, hence the adulterant m ust be some non- 
starchy, organic body, whose identity was not deter­
mined. Numbers 2 and 3 are interesting b y  reason 
of the fact that number 2, a powdered sample, was 
supposed to be made by powdering number 3. The

difference between the two is obvious. Sample 
number 4 appeared to be of excellent quality upon 
superficial examination, but proved to be decidedly 
worse than any other. Starch had been added to 
a considerable'extent, and then to increase the weight 
some sand was put in, and to correct the light color 
produced, a small quantity of lead chromate was 
added. This adulteration has already been referred 
to, and I can but add that, while somewhat ingenious, 
it was so crude that its detection was easy. While 
the use of starch or sand as an adulterant simply 
decreases the strength of the gamboge, the presence 
of lead chromate goes further and adds the poisonous 
action of the lead salt, so causing the gamboge to 
become not merely inefficient but dangerous.

The alcohol solubility as required b y  the U. S. P. 
is, for a test of this character, unusually good for de­
tecting adulteration, and the standard of the U. S. P. 
needs no change. The ash requirement might well 
be lowered so that it should read “ not to exceed 
one per cent.”  The acid value is not essential to 
detection of most of the adulterated gamboge, but 
m ight be added. Lastly, b y  all means a starch test 
should be required, and I would suggest th at it be 
worded so as to exclude any gamboge which shows 
more than a faint green color upon the addition of 
iodine to a powdered sample which has been boiled 
with water and subsequently cooled.

L a b o r a t o r i e s  o f  P a r k e . D a v i s  a n d  C o .

TH E DETERM INATION OF SODIUM CHLORIDE  
IN M ILK .1

B y  P a u l  P o e t s c h k e .

R ec e iv ed  F e b ru a ry  17, 1910.

The addition of sodium chloride to milk is sometimes 
practiced w ith the object of increasing the density 
and ash content of watered samples. H aving had 
occasion to examine numerous samples of milk for 
the presence of added sodium chloride, the author has 
devised a method which not only shortened the time 
required for this determination but also gave results 
which are more accurate than direct incineration in 
a  platinum dish. It is custom ary to estimate chlorine 
in milk by incineration in a platinum  dish, dissolving 
the ash in nitric acid, and proceeding with the deter­
mination of chlorine by Volhard’s method. The fact 
that a loss of chlorine occurs even when the ignition 
is carried on at temperatures much below those at 
which chlorides become volatile is well known. This 
loss appears to be due to the formation of acid products 
during the ignition, and the loss of chlorine increases 
with the proportion of organic m atter to chlorine. 
The addition of sodium carbonate prevents this loss, 
if the proportion of sodium carbonate is five per cent, 
of the organic m atter present.2 When a large number

1 R e a d  b efo re  N . Y . S ec tio n , F e b ru a ry , 1910.
2 D av is . J .  Soc. Chem . h id . .  20 , 98 (1901).
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of samples are to be examined, considerable time 
is required in the ashing, especially if sodium car­
bonate is added, and it becomes necessary to employ 
quite a number of platinum  dishes. Since the presence 
of copper and those metals whose salts are colorless 
(with exception of mercury) do not influence the 
accuracy of V olhard’s method, it appeared possible 
to secure a proper solution for the determination of 
chlorine in milk b y  clarification with copper sulphate 
and sodium hydroxide. The preliminary results given 
in Table I and II indicated the possibility of applying 
this method.

T a b l e I .

R e s u l t s  E x p r e s s e d  i n G r a m s  o f S o d i u m C h l o r i d e  p e r 1 0 0  CC.

S a m p l e  N o . 4 4 . 1 4 5  4 4 . 1 4 6 4 4 . 1 4 7 4 4 . 3 1 0 4 4 . 3 1 1

S o d i u m  c h l o r i d e  b y  d i r e c t
a s h i n g ........................................ 0 . 1 6 8 0 . 1 6 2 0 . 1 6 2 0 . 1 9 8 0 . 1 9 8

S o d i u m  c h l o r i d e  b y  a s h ­
i n g  w i t h  s o d i u m  c a r ­
b o n a t e ................ ....................... 0 . 1 7 8 0 . 1 6 2 0 . 1 7 5 0 . 2 0 7 0 . 2 0 7

S o d i u m  c h l o r i d e  b y  a u ­ •
t h o r ’s  m e t h o d ..................... 0 . 1 8 0 0 . 1 6 7 0 . 1 8 3 0 . 2 0 8 0 . 2 1 0

T a b l e  I I .
R e s u l t s  E x p r e s s e d  i n G r a m s  o f  S o d iu m C h l o r i d e  p e r 1 0 0  CC.
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S a m p le  N o .
S od ium  ch lo rid e

b y  d ire c t ash in g  0 .1 9 7  0 .1 6 4  .............................................................................
S od ium  ch lo ride  

b y  a sh in g  w ith  
sod ium  c a r ­
b o n a te .................................... 0 .1 7 1  .............................................................................

S od ium  ch lo rid e  
b y  a u th o r 's
m e th o d ..............  0 .1 9 8  0 .1 7 6  0 .2 9 3  0 .3 9 9  0 .2 S 6  0 .3 8 5  0 .4 8 2

A dded  sod ium
ch lo rid e  f o u n d ................................  0 .0 9 5  0 .2 0 1  0 .1 1 0  0 .2 0 9  0 .3 0 6

M e t h o d  o f  C a r r y i n g  O u t  t h e  D e t e r m i n a t i o n .

So lu tio n s  Requ ired .
1. A m m o n iu m  th io c y a n a te . A  te n th -n o rm a l so lu tio n .
2. C opper su lp h a te . D isso lve 34 .639 g ram s  o f CUSO4.5 H 2O in  w a te r  

an d  d ilu te  to  500 cc.
3. F e r r ic  in d ic a to r . A  co ld  s a tu r a te d  so lu tio n  o f fe rric  a lu m  in  w a te r, 

to  w hich  enough  n itr ic  ac id  is  a d d e d  to  ca u se  d isa p p e a ra n c e  o f th e  b row n  
color. T h re e  cc. o f th is  in d ic a to r  a re  u sed  fo r a ll ti tra t io n s .

4. N itr ic  ac id . A n  a p p ro x im a te ly  5 N  so lu tio n  free  from  low er ox ides  
of n itro g en .

5. S ilve r n i t r a te .  A  te n th -n o rm a l so lu tio n .
6. S o d iu m  h y d ro x id e . A  h a lf-n o rm a l so lu tio n .

D E T E R M I N A T I O N .

Tw enty-five cubic centimeters of the carefully 
mixed sample are measured into a 200 cc. graduated 
flask, diluted with 125 cc. of water, 10 cc. of copper 
sulphate and 8.8 cc. of sodium hydroxide added. The 
mixture is diluted to the mark, mixed by inverting 
the flask ten to twelve times, at the same time shaking 
gently. It  is then poured on a dry, folded filter 19 cm. 
in diameter and the filtrate collected in a dry flask. 
The funnel is kept covered with a clock glass and the 
neck of the flask in which the filtrate is received is 
loosely stoppered with a  plug of cotton to minimize 
evaporation. The filtrate should have an acid re­
action and contain a slight excess of copper. To

100 cc. of the filtrate 5 cc. of nitric acid and an excess 
of silver nitrate are added, together with 5 cc. of ether1 
which causes the silver chloride to readily coagulate 
and settle. The silver chloride is now filtered off 
and after the addition of ferric indicator to the fil­
trate, the excess of silver nitrate titrated with am ­
monium thiocyanate. From the amount of silver 
nitrate required, the amount of sodium chloride 
is calculated.

Notes.— In order to secure a clear filtrate after 
clarification, the sodium hydroxide is added gradually 
while shaking the flask containing the diluted milk 
and copper sulphate. A fter diluting to the mark, 
the contents of the flask are mixed by inverting the 
flask and shaking gently, since violent shaking caused 
the filtrate to come through turbid and the filtration 
to be slow. The first portion of filtrate is rejected 
since it is usually turbid, the dry flask being placed 
under the funnel when the filtrate becomes clear. 
Usually the filtrate is clear after a few cubic centi­
meters have run through. On the addition of nitric 
acid a turbidity usually develops which^ does not 
interfere with the determination, and for this reason 
the filtrate from the silver chloride is sometimes slightly 
turbid.

If great accuracy is desired, normal-twentieth 
solutions of silver nitrate and ammonium thiocyanate 
should be used, and corrections applied for the volume 
occupied b y  the precipitated fat and proteids. The 
correction for volume of precipitate can be obtained 
by the method of double dilution. For this purpose 
two dilutions are made, one in the regular w ay as 
already given and another in which the volume is 
completed to 100 cc. The volume of precipitate is 
twice as great in proportion in the 100 cc. as in the 200 
cc. flask. The ollowing example shows the method 
of calculation.

Per cent, sodium chloride by weight found by 
diluting to 100 cc. =  0.171.

Per cent, sodium chloride by weight found by 
diluting to 200 cc. =  0.169.

0 .1 7 1 — 0.169 =  0.002 (half the error in the higher 
result).

o .171 — (0.002 X 2) =  0.167 corrected percentage 
of sodium chloride.

The volume as precipitate is calculated as follows:

0.171 : 0.167 : : 100 : x  =  97.66 which is the volume 
of solution in the 100 cc. flask. Therefor the volume 
of precipitate is 2.34 cc. The results given in Table 
III  indicate that when the volume is made up to 200 
cc., the correction of volume of precipitate is well 
within the ordinary limits of accuracy, and for this 
reason the volume of precipitate can be neglected in 
ordinary work. Tables III and IV  show the results 
obtained with the method.

‘ E . A le fd d . Z .  ana l. Chain., 48 , 79.
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T a b l e  I I I .

N u m b e r  a n d  d e s c r ip t io n .
N . Y . B d . o f H . la c to m e te r  read in g  a t  6 0° F . ...........................
C o rresp o n d in g  specific  g r a v i ty ............................................................
F a t  b y  B ab c o ck  t e s t ......................................................................
T o ta l  so lid s ...................................................................................................
A s h ...................................................................................................................

P e r  c c n t. b y  w e ig h t . . .
> G ram s p e r  100 c c .........
( P e r  ce n t, b y  w e ig h t .. .
1 G ram s p e r  100 cc .........
r  P e r  ce n t, b y  w e ig h t .. .  
\  G ram s  p e r  100 c c . . . . ,  
J' P e r  ce n t, b y  w e ig h t . . .
I G ram s  p e r  100 c c ..........
("By d ire c t a sh in g ............

B y  a sh in g  w ith  so d iu m
c a rb o n a te .  ............

B y  a u th o r ’s m e th o d . .  
T o  v o lu m e  o f 200 cc.

S o d iu m  ch lo rid e  b y  d ire c t a sh in g  -

S o d iu m  ch lo rid e  b y  a sh in g  w ith  < 
so d iu m  c a r b o n a te . ............................ \

S o d iu m  ch lo ride  b y  a u th o r ’s  
m e th o d . T o  v o lu m e  o f 100 cc.

S o d iu m  ch lo rid e  b y  a u th o r '»  
m e th o d . T o  v o lu m e  o f  200 cc.

A d d ed  so d iu m  ch lo ride  
G ram s  p e r  100 cc ............

found .

( i)  S a m p le  
o f  c o m m e r­
c ia l m i lk .

(2) S a m p le  ( 1) 
p lu s  0.1000 

g r a m s  N aC l p e r  
IOO cc.

(3) S a m p le  (1) 
p lu s  0.2000 

g r a m s  N aC l p e r  
^  IOO cc.

(4) S a m p le  (1) 
p lu s  0.3000 

g r a m s  N aC l p e r  
IOO cc.

112 114 116 118
1 .0325 1.0331 1 .0 3 3 6 1 .0342
4 .3 4 .3 4 .3 4 .3

13 .23 13 .3 6 13 .43 13 .53
0 .7 5 5 0 .8 4 S 0 .9 4 9 1 .037
0 .1 6 3 0 .2 5 8 0 .3 4 7 0 .4 4 2
0 .1 6 8 0 .2 6 6 0 .3 5 9 0 .4 5 7
0 .1 6 9 0 .2 7 0 0 .3 6 1 0 .4 5 3
0 .1 7 5 0 .2 7 9 0 .3 7 3 0 .4 6 9
0 .1 7 1 0 .2 7 2 0 .3 6 6 A. 0 .4 6 6 , B . 0 .4 6 4
0 .1 7 7 0 .2 8 1 0 .3 7 8  A v e rag e  0 .4 6 5 , A . 0 .4 8 2 , B . 0
0 .1 6 9 0 .2 6 3 0 .3 6 3 A v erag e  0 .4 3 1 , 0 .4 5 8
0 .1 7 5 A . 0 .2 7 1 , B . 0 .2 7 3 A . 0 .3 7 8 , B . 0 .3 7 2 A . 0 .4 7 5 , B . 0 .4 7 2

A v erag e  0 .2 7 2 A v erag e  0 .3 7 5 A v erag e  0.474.

0 .0 9 8 0 .191 0 .2 8 9
0 .1 0 4 0 .1 9 8 0 .2 9 4
0 .0 9 7 0 .2 0 0 0 .2 9 9

T a b l e  Ï V .

S o d iu m  c h lo r id e  
b y  a s h in g  w ith  S o d iu m  c h lo r id e  by  

s o d iu m  c a rb o n a te ,  a u th o r 's  m e th o d .
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a . 0 .2 0 4 0 .2 1 0  a . 0 . 197 0 . 0 .2 0 3
45768 106 1 .0307 3 .6 11 .83 6 . 0 .2 0 1 0 .2 0 7  6 .0 .1 9 7 6 .0 .2 0 3
45769 110 1 .0319 3 .7 12 .23 0 .1 6 6 0 .1 7 1 0 .1 6 4 0 .1 6 9
45770 10S 1 .0313 3 .7 12 .0 9 0 .1 7 7 0 .1 8 3 0 .1 8 0 0 .1 8 6
45771 111 1 .0322 3 .9 12 .5 4 0 .1 8 7 0 .1 9 3 0 .1 8 7 0 .1 9 3
45772 108 1 .0313 3 .6 11 .97

a .
0 .2 2 1
0 .1 8 5

0 .2 2 8  
a . 0 .191

0 .2 2 9 0 .2 3 6

45773 110 1 .0319 4 .2 12 .83 6 . 0 .1 8 5 6 .0 .1 9 1 0 .1 7 7 0 .1 8 3
45774 107 1 .0310 4 .1 1 2 .5 0 0 .1 7 7 0 .1 8 3 0 .1 8 2 0 .1 8 8
45775 111 1 .0322 3 .7 12 .3 0

a.
0 .1 7 0
0 .2 0 7

0 .1 7 5  
0 . 0 .2 1 4

0 .1 6 8 0 .1 7 3

45776 110 1 .0319 3 .3 11 .75 6 . 0 .2 0 1 6 .0 .2 0 7 0 .2 0 0 0 .2 0 6
45777 112 1 .0325 3 .7 12.37 0 .2 4 0 0 .2 4 8 0 .2 4 1 0 .2 4 9
45778 108 1 .0313 3 .2 11 .52 0 .2 0 0 0 .2 0 6 0 .2 0 2 0 .2 0 8
45779 113 1.0328 3 .6 12.32 0 .1 8 5 0 .1 9 1 0 .1 8 2 0 .1 8 8
45780 111 1.0322 3 .9 12 .54 0 .1 7 7 0 .1 8 3 0 .1 8 2 0 .1 8 8
45781 109 1 .0316 3 .7 12 .16 0 .1 6 9 0 .1 7 4 0 .1 6 9 0 .1 7 4
45782 110 1 .0 3 1 9 3 .6 12.11 0 .1 8 5 0 .1 9 1 0 .1 8 2 0 .1 8 8
45783 113 1 .0328 3 .5 12 .2 0 0 .1 8 6 0 .1 9 2 0 .1 8 2 0 .1 8 8
45784 114 1.0331 3 .3 12.11 0 .1 7 7 0 .1 S 3 0 .1 7 2 0 .1 7 8
45785 106 1.0307 3 .5 11.71 0 .1 5 9 0 .1 6 4 0 .1 6 3 0 .1 6 8
45786 113 1 .0328 4 .0 1 2 .SO 0 .1 7 4 0 .1 8 0 0 .1 6 8 0 .1 7 4
45787 111 1 .0322 3 .3 11 .94 0 .1 7 8 0 .1 8 4 0 .1 8 2 0 .1 8 8

4.33. B ly th 1 gives the ratio 3.74. According to 
Fleischmann and Schrott2 the ratio is 4.15. K o n ig3 
gives the ratio 4.52. Through the courtesy of Dr. 
Deghuee, of the Lederle laboratories, it is hoped to 
extend the study of this ratio.

T a b l e  V .

N u m b e r a n d  
d esc rip tio n .

( 1) S am p le  of co m m erc ia l m ilk .
(2) S am p le  (1) p lu s  0.1000

g ra m  N aC l p e r  1 0 0  c c . , . .
( 3 )  S am p le  ( 1 )  p lu s  0 .2 0 0 0

g ra m  N aC l p e r  1 0 0  c c ___
( 4 )  S a m p le  ( 1 )  p lu s  0 .3 0 0 0

g ram  N aC l p e r  1 0 0  c c . . . .

L e d e r l e  L a b o r a t o r i e s , 
3 9 - 4 1  W e s t  3 8 t h  S t . ,

N e w  Y o r k , N .  Y .  '

A sh, 
p e r  ce n t.

S o d iu m  
ch lo ride , 
p e r  ce n t, 

b y  w eigh t:

R a tio  
o f ash  to  
sod ium  
ch lo rid e .

0 .7 5 5 0 .1 6 9 4 .4 7

0.S 4S 0 :2 6 3 3 .2 3

0 .9 4 9 0 .3 6 3 2 .61

1 .037 0 .4 5 8 2 .2 6

From the results in Table III, it will be seen that 
the figures by ashing with sodium carbonate and the 
author’s method show reasonably close agreement, 
but that by direct ashing quite a loss of chlorine oc­
curs. I t  is interesting to note that the addition of 
o .iooo  gram of sodium chloride to 100 cc. of m ilk 
causes an increase of 2° in the lactom eter reading 
or 0.0006 in the specific gravity. In judging whether 
a sample of milk contains added sodium chloride, the 
ratio of total ash to sodium chloride can be depended 
upon to show such addition. In this connection, 
the figures given in Table V , taken from Table III, 
show the effect on this ratio when sodium chloride 
has been added.

From the composition of milk ash, as given by 
Richm ond,2 the ratio of ash to sodium chloride is

> N . Y . B d . o f H . la e t.
2 “ D a iry  C h em .,”  p . 32.

[C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  A g r i c u l t u r a l  C h e m i s t r y  

o f  t h e  U n i v e r s i t y  o f  M i s s o u r i .]

PHOSPHORUS IN FLESH.
( s e c o n d  p a p e r . ) 4

B y  P . F . T r o w b r i d g e  a n d  L o u i s e  S t a n l e y .

R ec e iv ed  M arch  11. 1910.

H art and Andrews5 were among the first to show 
that the phosphorus in foods was present to a con­
siderable extent in the organic form. They claimed 
that in precipitating the phosphorus from the water 
solutions in the u su al‘ w ay with the ordinary acid 
molybdate, a sufficient quantity of acid was present 
to cause a splitting of the soluble organic phosphorus 
and a precipitation of it along with the inorganic 
forms. T hey proposed to remedy this defect by 

. precipitating with neutral m olybdate in the presence 
of the smallest necessary amount of nitric acid. In 
their method, as finally worked out, they used 10 grams 
of ammonium nitrate and 2 cc. of nitric acid. Under 
these conditions only a very small amount of the

' “ F o o d s,”  1 9 0 3 .  p .  2 0 1 .
2 See W ile y ’s “ A gric . A n a l.,”  Vol. I l l ,  p. 467.
3 C hem . N a h r . u . G enussm ., 11, 227.
4 T h i s  J o u r n a l , 1 ,  675 (1909).
s A m . C hem . / . .  30. 470  (1903).
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molybdate precipitate of inorganic phosphorus was 
obtained, and upon this they base their assertion 
that practically all the water-soluble phosphorus 
in vegetable feeding-stuffs is in the organic form.

A s a test of this method a solution of inorganic 
phosphorus was made up, equal definite amounts 
were taken and the above method of precipitation 
tried in comparison with the usual methods. The 
results are noted in the table below. I t  is quite evident 
that the Iia rt  and Andrews method fails to pre­
cipitate all the phosphorus even when it is present 
in the inorganic form. If this be true with simple 
water solution of inorganic salt, it  is not surprising 
that under the retarding conditions usually present 
in the w ater extracts of flesh one should fail to get 
a complete precipitation with the neutral molybdate.
P r e c i p i t a t i o n  o f  P h o s p h o r u s  b y  N e u t r a l  A m m o n i u m  M o l y b d a t e .

A cid  ad d e d . Y ie ld  o f  1* 
A m m o n iu m  H N O a (sp . as  MkjP j Q j ,

M o ly b d a te  u sed . n i t r a te .  gr. 1.42). g ram .

25 cc. o f u s u a l a c id ................................  10 g rs . A cid ified . 0 .0 7 6
25 cc. o f  n e u t r a l ........................................ 10 “ 2 cc. 0 .0461
25 “ “   10 “ 3  “ 0 .0 6 1 ^
25 M "   10 “ 4  “ 0 .0 6 3 4
25 “ M   15 “ 2 “ 0 .0 4 4 4
25 “ 41   20 " 2 “ 0 .0 4 8 4

Em m ett and G rindley1 studied the method with 
a view  to its application in determining the organic 
phosphorus in cold water extracts of flesh. The 
presence of the soluble protein made it impossible 
to apply the method without first removing the co­
agulable protein. This they did by evaporating the 
solutions to a small volume, and filtering out the 
coagulated proteins. The method of H art and A n­
drews gave good results with the filtrate and they 
found that as high as 20 cc. of nitric acid could be used 
without perceptibly affecting the results.

The work of Em m ett and Grindley seemed to show 
that nearly all the soluble phosphorus in flesh was 
present in the inorganic form. During the years 
1907 and 1908 .at the Missouri Experim ent Station 
we used the above method in determining the in­
organic phosphorus in the cold water extracts of 
flesh and our results confirmed the belief that in flesh 
the soluble phosphorus was almost entirely present 
in the inorganic form. To illustrate we show in the 
table below the results of determinations upon cold 
water extract of flesh for total and for inorganic 
phosphorus. These results indicate quite clearly 
that after the treatm ent to remove the coagulated 
protein the phosphorus is present in the inorganic 
form.

Siegfried and Siegwald2 separated organic from 
inorganic phosphorus in m eat extract b y  the pre­
cipitation of the inorganic phosphorus with barium 
chloride in solution alkaline with ammonia. They 
found that this gave a sharp separation and b y  deter­
mining the phosphorus either in the filtrate or in the

x J o u r . A m . Chem . Soc .. 28 , 25 (1906).
2 Z c it . N a h r . u . G enussm ., 70 , 521.

precipitate could get at either the organic or inorganic 
phosphorus.

P e r  ce n t. P e r  ce n t.
to ta l ino rg an ic

S am ple . p h o sp h o ru s. p h o sp h o ru s .
8270 L ean  a n d  f a t  o f beef, co m p o s ite ......... ___  g 0 .1 2 2 5 ç  0 .1 2 0 5

h L o s t h  0 .1 1 3 9
t  0 .1 1 8 0 t  0 .1 1 4 4

A v erag e .............................. ___  0 .1 2 0 3 0 .1 1 6 3

8271 L ean  b e e f .......................................................-----  0 0 .1 6 0 9 <7 0 .1 6 1 5
h  0 .1 6 2 0 h  0 .1 6 2 9
t  0 .1 6 1 5 i  0 .1 6 6 8

A v e ra g e ............................. .___  0 .1 6 1 5 0 .1 6 3 7

8272 S am p le  o f bee f f a t . .................................... . . .  0 0 .0 3 1 2 ç  0 .0 3 8 8
h  0 .0351 h  0 .0 4 6 2
* 0 .0 3 2 9 t  0 .0 2 0 6

A v e ra g e ................................ , , 0 .0 3 3 0 0 .0 3 5 2

A  comparison of these two methods gave such strik­
ingly different results that we were led to investigate 
more thoroughly.

In the preparation of the cold water extracts of the 
raw meats or of the cooked meats the following method 
was followed:

120 grams of finely ground lean meat (180 grams 
if sample was very fat) were distributed in twenty 
150-cc. beakers. Each portion was wetted with two 
or three cc. of netural recently boiled distilled water 
and mixed to a paste and then more water added to 
make a total of 50 cc. The water was allowed to 
stand on the sample for about half an hour with fre­
quent stirring. I t  was then transferred to a filter 
and the solution allowed to drain completely. The 
residue was returned to the beaker and was thoroughly 
mixed with 25 cc. of the distilled water and again 
filtered. This operation was repeated with each 
of the 20 portions of the sample, until a total of 250 cc. 
of water had been used. Each residue on the filters 
was then washed twice with 10 cc. of water. The 
total filtrate was then measured into a large bottle 
and with rinsings from the 20 flask made up to exactly  
6 liters mixed thoroughly without too much aeration 
and filtered through dry filters. From  the filtrate 
aliquots for the analyses were taken. For total 
phosphorus 500-cc. portions were evaporated to small 
volume in beakers on the steam bath, then with fifteen 
cubic centimeters of sulphuric acid transferred to nitro­
gen flasks and digested as for nitrogen, using mercury 
and potassium sulphate. The contents of the flask 
were transferred to beakers, and the phosphorus esti­
mated in the usual manner as magnesium pyrophosphate 
after first precipitation with acid ammonium m olybdate 
and re-solution in ammonia.

Other 500-cc. portions of the filtrate were coagulated 
by evaporation to a small volume filtered and the 
coagulum thoroughly washed with hot water. The 
filtrate and washings were then made alkaline 
with ammonia and the inorganic phosphorus pre­
cipitated by the addition of barium chloride. The 
organic phosphorus was estimated in a n ' aliquot of 
the filtrates as described above for total phosphorus.



2 1 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 . May, 1910

Still other 500-cc. portions were treated with am ­
monia and barium chloride (without previous 
heating) for the precipitation of the inorganic phos­
phorus and the organic phosphorus determined in 
an aliquot of the filtrate as described above for total 
phosphorus.

A  sample of raw beef (No. 810292) showed 7.15 
per cent, of the total soluble phosphorus to be organic 
when the solution was first coagulated and 85.52 per 
cent, of the total soluble phosphorus to be organic 
when the inorganic phosphorus was* removed by the 
ammonia and barium chloride without heating.

In another sample of raw beef (No. 810295) on ŷ 
0.86 per cent, of the soluble phosphorus is organic 
after coagulating by heat and 86.30 per cent, by re­
moving the inorganic phosphorus with ammonia and 
barium chloride without heating. A  portion of this 
sample was cooked as a beef loaf which was reground, 
thoroughly mixed and a water extract prepared as 
for raw meats. In this case 7.4 per cent, of the soluble 
phosphorus is organic after coagulating b y  heat and 
17.6 by removal of the inorganic phosphorus with 
barium chloride and ammonia.

In a third sample of raw beef (811 a*) 6.3 per cent, 
of the total soluble phosphorus is organic after co­
agulating b y  heat and 57.4 per cent, by use of barium 
chloride and ammonia without heating. A  portion 
of this sample was also cooked as a beef loaf and a 
w ater extract prepared as above. Only a trace of 
organic phosphorus was found after coagulating 
and 16.5 "per cent, of the total soluble phosphorus 
was organic after separated b y  barium chloride and 
ammonia w ithout heating. The following table sum­
marizes the results given above.

From  this it would seem that the long-continued 
heating has either caused a splitting of the simple

organic phosphorus compounds and a precipitation 
of them in the inorganic forms, or else on the other 
hand the presence of the protein seems to hold back 
some of the precipitate of barium phosphate.
C o m p a r i s o n  o p  O r g a n i c  P h o s p h o r u s  p r o m  W a t e r  E x t r a c t s  o f  M e a t  

b e f o r e  C o a g u l a t i n g  a n d  a f t e r  C o a g u l a t i n g .
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810292a R aw  ch u ck  loaf 0 .1 6 3 0 .1 4 1 0 .0 1 7 8 6 .5 0 3  10 .43
8102926 R aw  ch u ck  loa f 0 .1 6 4 0 .1 3 8 0 .0 0 7 8 4 .1 4 6  4 .2 7
810295 S h a n k  loa f raw 0 .1 6 2 0 .1 4 0 0.001 8 6 .4 2 0  0 .6 2
810295 S h a n k  loa f cooked 0 .1 5 1 0 .0 2 6 0.011 17 .2 1 9  7 .2 8
81 l x C huck  loa f raw 0 .1 6 8 0 .0 9 6 0.011 5 7 .1 4 3  6 .5 5
811* C huck  lo a f cooked 0 .1 5 2 0 .0 2 5 T ra c e 1 6 .4 4 7  T ra ce .

In another series of experiments the total phosphorus 
and organic phosphorus were determined in water 
extract of samples of raw meat, a portion of the same 
meat was cooked as beef loaf to a definite temperature 
and a roast of the same cut was taken from the op­
posite side of the animal. The total phosphorus 
was determined in the usual w ay after K jeldahl di­
gestion of 500 cc. aliquots of the water extract (rep­
resenting 10 gr. of original meat sample). For the 
organic phosphorus 600 cc. (12 grs.) were taken to 
which 10 cc. of barium chloride, 5 cc. of ammonia, 
and 45 cc. of distilled water were added. This w as 
shaken well, allowed tostand over night and filtered in the 
morning. 550 cc. of the filtrate (representing 10 grs. of 
original material) were used for the organic phosphorus. 
The samples from the raw meats gave very little precipi­
tate and the filtrates were in every case slightly cloudy. 
The extract from the cooked samples gave a heavy 
precipitate and in every case the filtrate was clear. 
The following table gives a summary of the results 
obtained, being the average of triplicate determinations:

D i s t r i b u t i o n  o f  t h e  P h o s p h o r u s  i n  B e e f  F l e s h .

.b. N u m b e r . A n im a l.
T e m p e ra tu r e  

D e s c r ip t io n  o f  s a m p le . o f  c o o k e d  m e a t.2

T o ta l  p h o s ­
p h o ru s  

in  m e a t. 
P e r  c e n t.

T o ta l 
p h o s p h o ru s  
in  w a te r  e x ­
t r a c t  so lu b le .

P e r  c e n t.

O rg a n ic  
p h o s p h o r ­

u s  in  w a te r  
e x t ra c t .  
P e r  c e n t.

I n o r g a n ic  
p h o s p h o r ­
u s  in  w a te r  

e x t r a c t .  
P e r  c e n t.

S o lu b le  
p h o s p h o r ­
u s  w h ic h  is  

o rg a n ic .  
P e r  c e n t.

T o ta l 
p h o s p h o r ­
u s  w h ic h  is  

so lu b le . 
P e r c e n t .

81224-25 504 R o u n d , raw . 0 .1 6 0  1 0 .1 4 5 0 .0 7 5 8 0 .0 6 9 2 5 2 .2 8 9 0 .6 2 5
81245 504 R o u n d  loaf. 6 0 °  C. 0 .1 9 2 0 .1401 0 .0 3 8 8 0 .1 0 1 3 2 7 .6 9 7 2 .9 6 9
81249 504 R o u n d  in s id e  m uscle. 6 8 °  C. 0 .1 2 3 7 0 .0 3 5 5 0 .0 8 8 2 2 8 .7 0
81226-27 504 L o in  raw . 0 .1 2 6 0 .0 8 5 2 0 .0 5 2 0 0 .0 3 3 2 61 .03 6 7 .6 1 9
81246 504 L o in  loa f 6 5 °  C. 0 .2 0 0 0 .1 4 4 3 0 .0 3 3 1 0 .1 1 1 2 2 2 .9 6 7 2 .1 5 0
81248 504 L o in  ro a s t. 6 0° C. 0 .1221 0 .0 3 3 9 0 .0 8 8 2 2 7 .7 6
81228-29 504 R ib  raw . 0 .1 3 1 0 .0 9 7 7 0 .0 6 9 2 0 .0 2 8 5 7 0 .8 3 7 4 .5 8 0
81247 504 R ib  loaf. Ov O O O 0 .1 8 2 0 .1 3 3 5 0 .0 3 1 9 0 .1 0 1 6 2 3 .8 7 7 3 .3 5 2
81250 504 R ib  11 th  a n d  12 th  s ta n d in g . 64° C. 0 .1 3 8 6 0 .0 3 4 3 0 .1 0 4 3 2 4 .7 5
9168 592 C om posite  o f ca rcass. 0 .1 7 4 0 .1 2 8 0 .0 3 3 3 0 .0 9 4 7 2 6 .0 2 7 3 .5 6 3
91151 592 C om posite  as  loaf.

Ü00

0 .1 6 1 5 0 .0 2 5 3 0 .1 3 6 2 15.67
91124 48 R o u n d  raw . 0 .1 9 2 0 .1 5 1 3 0 .1 2 4 7 0 .0 2 6 6 8 2 .4 2 78 .8 0 2
91152 48 R o u n d  loaf. 61 .5  C. 0 .1 6 4 3 0 .0 5 0 9 0 .1 1 3 4 3 0 .9 8
91155 48 R o u n d  in s id e  m uscle. 62 c C. 0 .1 4 2 6 0 .0 3 2 6 0 .1 1 0 0 2 2 .8 6
91126 4S L o in  raw . 0 .1 7 4 0 .1 3 6 5 0 .0 9 9 0 0 .0 3 7 5 7 2 .5 3 7 8 .4 4 8
91153 48 L oin  loaf. 6 0 °  C. 0 .1 5 5 7 0 .0 4 5 3 0 .1 1 0 4 2 9 .0 9
91156 4S L o in  ro a s t. 6 4 °  C. 0 .1 4 5 1 0 .0 3 8 5 0 .1 0 6 6 2 6 .5 3
91128 4S R ib  raw . 0 .1 5 0 0 .1 2 1 7 0 .1 0 6 0 .1111 8 7 .1 0 8 1 .1 3 3
91154 4S R ib  loaf. 6 0° C. 0 .1 4 4 0 0 .0 4 0 7 0 .1 0 3 3 2 8 .2 6
91157 48 R ib  11th  a n d  12th  s tan d in g . 6 0 °  C. 0 .1 2 7 5 0 .0 3 0 6 0 .0 9 6 9 2 4 .0 0
92152 J e r r y R ib  raw . 0 .1 5 2 0 .1 1 8 0 .1 0 8 9 0 .0 0 9 1 91 .44 77 .6 3 2
92166 44 R ib  loaf. 0 0 p 0 .1 4 2 9 0 .0 3 3 7 0 .1 0 9 2 2 3 .5 8
92167 44 R ib  loaf. 8 0° C. 0 .1 4 6 8 0 .0 3 0 6 0 .1 1 6 2 2 0 .8 6
92168 41 R ib  loaf. 9 8 .5 °  C. 0 .1 6 4 9 0 .0 1 6 2 0 .1 4 8 7 9 .8 2

1 I n  te rm s  o f  to ta l  so lu b le  p h o sp h o ru s ,
2 T h e  te m p e ra tu re  of th e  cooked  m e a t  is  t h a t  reg is te red  b y  th e  c e n te r  o f th e  m e a t w h en  rem o v e d  fro m  th e  oven .
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CONCLUSIONS.

E m m ett and Grindley’s method does not give high 
enough results for organic phosphorus in cold water 
extracts of flesh, as the heat of coagulation has changed 
nearly all of the organic phosphorus to the inorganic 
form.

Barium chloride in slightly ammoniacal solution 
precipitates the inorganic' phosphorus from water 
extracts of flesh and gives a satisfactorily accurate 
separation of the inorganic from the organic form.

There seems to be a progressive splitting up of 
the organic phosphorus compounds in beef flesh during 
the process of cooking so that in well done meats 
practically all the phosphorus is present in the in­
organic form.

A  study of the tables shows considerable variation 
in the relative amounts of soluble and soluble organic 
phosphorus in different cuts and in different animals. 
Extrem es will be noted in rib of Jerry (a fat show 
steer) in which 91.44 per cent, of the soluble phos­
phorus is organic and in composite of 592 (an extremely 
emaciated steer) where only 26.02 per cent, or the 
soluble phosphorus is organic. This subject is being 
investigated further.

C o l u m b i a . M o ., M a r c h  9 ,  1 9 1 0 .

[C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  A g r i c u l t u r a l  C h e m i s t r y  

U n i v e r s i t y  o f  M i s s o u r i .]

TH E GLYCOGEN CONTENT OF B E E F  FLESH.
(SECO N D  P A P E R .)

B y  P .  F ,  T r o w b r i d g e  a n d  C. K .  F r a n c i s .

R e c e iv ed  F e b ru a ry  17, 1910.

In continuing this stu d y1 the following points were 
especially considered.

(1) The disappearance or diminution of the g ly­
cogen in the flesh of a starving animal.

Sm ith's “ Veterinary Physiology” 2 contains thefollow- 
ing: “ The glycogen which is stored up in the liver 
for future use m ay be made to disappear by starving 
and working the anim al.”  The same author on p. 
227 says: “ The muscles of well fed animals contain 
a considerable quantity of glycogen. Ordinarily it 
m ay be stated that the muscles hold as much glycogen 
as the liver.”

(2) The rapidity with which the glycogen disap­
pears after death.

Roehm ann,3 experimenting with dogs, shows that 
the hydrolysis after death takes place, but not so 
rapidly but that the major portion can be recovered 
as glycogen in from one-half to two hours after death. 
Under certain conditions rigor mortis m ay take 
place w ithout loss of glycogen.4

(3) The glycogen in horse flesh as compared to that 
in beef.

1 T h i s  J o u r n a l .  2 ,  2 1 ,  ( 1 9 1 0 ) .
2 “ M an u a l o f  V e te rin a ry  P h y sio lo g y ,”  F . S m ith , 3 rd  E d . p . 226.
3 R o e h m a n n , B iochem ie, 229, 1908.
* Ib id .. p . 236.

W ithout indicating the method of analysis, Lebbin1 
has reported horse flesh to contain on an average
0.7 per cent, of glycogen, while Pfliiger2 using the 
alkali method has found from 1.5 to 2.2 per cent.

"E ven  after nine days’ starvation the muscles of horses 
have shown a glycogen content of from 1 to 2.4 per 
cent.” 3

Among the results published in the previous paper4 
we desire to recall to the reader the glycogen 
determinations 011 the lean meat from three animals. 
The percentages of glycogen in these have been aver­
aged and reduced to a moisture- and fat-free condition. 
Other particulars are indicated in the table below.

T a b l e  I .— G l y c o g e n  i n  L e a n  C l o d  M u s c l e .
G ly c o g e n  
in  s a m p le  

G ly c o g e n  c a lc u la te d  
in  f r e s h  to  fa t a n d
s a m p le , HaO free , C o n d it io n  o f

L a b . N o , p e rc e n L . p e r c e n t .  K in d  o f  a n im a l .  a n im a l .  A ge.
92103 0 ,6 9 7  3 .3 8  Je rs e y  cow  L ean  6 y ea rs .
91103 0 .6 6 3  2 .9 5  S h o rt-h o rn  s te e r  V e ry  f a t  4 > iy r s .
9153 0 .4 1 6  1 .82  H e re fo rd  s tee r  E m a c ia te d

(s ta rv in g ) 23 m os.

While the amount of glycogen in the lean flesh 
of the Jersey cow is more than that found in the fat 
steer, the fact that the cow was in a thrifty condition 
should be considered. It  m ay be that age is an 
im portant factor, or that the function of the animal 
in milk production bears some relation to the storage 
of glycogen. The thin Hereford steer was not starving 
in the sense that all food was withheld, but for eleven 
months he was so fed as to make him lose one-half 
pound each day. His condition was such at the time 
of slaughtering that he could not walk steadily but 
could get up of his own accord. Notwithstanding 
this emaciated condition and the fact that the entire 
carcass contained no fat which could ba separated 
mechanically, the muscle still showed the presence 
of glycogen in considerable quantity.

The following table shows the glycogen content 
of the liver from a fat Jersey cow, about 7 years old 
and not in milk for 12 months previous to the date 
of slaughtering. The animal was killed at 10: 18 
a .m . and the liver received at the laboratory at n :  30 
A.M . and the first portion placed in alkali at 12:05. 
The elapsed time indicates the interval required to 
remove the organ, grind, weigh and place the sample 
in the alkali.

T a b l e  XI.— G l y c o g e n  i n  L i v e r  o f  C o w  N o . 43.
G lycogen .

L a b . N o. S am p le . p e r  c e n t. E la p se d  tim e .
91052 x  L iv er 2 .9 1  1 h r , 47 m in .
91052 y  3 .0 7  1 h r .  51 m in .
91052 2 2 .8 3  I h r .  57 m in .

Table III  shows the analysis of the liver from another 
fa t Jersey cow, about 9 years old and not in milk for 
12 months previous to the date of slaughtering. 
The animal was killed at 8:10 a .m . and the liver re-

1 Z . N a h r-G en u ssm ., 7 , 747.
2 Ib id .
3 S m ith ’s " V e t, P h y s l . ."  p . 227.
4 hoc. cit.
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c e iv e d  a t  th e  l a b o r a t o r y  a t  9:45 a .m . a n d  th e  f ir s t  

p o r t io n  p la c e d  in  a lk a l i  a t  10: 14.

T a b l e  I I I ,— G l y c o g e n  i n  L i v e r  o f  C o w  N o . 4.
G lycogen,

L a b . N o. S am p le . p e r  ce n t. E la p s e d  tim e .
9102 a: L iv e r 3 .0 9  2 h rs . 6  m in .
9102 y  3 . IS 2 h rs . 13 m in .
9102 2 3 .1 2  2 h rs . 21 m in .

The remaining portion of the above sample was 
placed in cold storage for one week, the temperature 
remaining about 6.5° C. Triplicate determinations 
were then made which gave results indicated in Table 
IV.

T a b l e  IV .— G l y c o g e n  i n  L i v e r  o f  C o w  N o . 4 a f t e r  O n e  W e e k .

G lycogen ,
L a b . N o. S am p le , p e r  ce n t. E lap sed  tim e . C o n d itio n  o f  sam p le .

9102*%  L iv e r  2 .7 8  1 w eek  F re sh
9102 y y  2 .6 6  1 w e e k  F re sh
9102 22 2 .5 7  I w eek  F resh

The remaining portion of the sample was returned
to the cold storage and the same temperature main­
tained for another week. When removed on the 14th 
day the sample appeared to be in about the same 
condition, so it was decided to expose it in a sealed 
bottle to atmospheric temperature before analyzing. 
The results of the analysis after that time are shown 
in Table V.

T a b l e  V .— G l y c o g e n  i n  L i v e r  o f  C o w  N o . 4 a f t e r  15 D a y s .

G ly co g e n , C o n d itio n
L a b . N o. S am p le , pe r ce n t. E la p se d  tim e . o f sam p le .

9102 x x x  L iv er 2 .0 6  15 d a y s  S lig h tly  spoiled .
9102 y y y  2 .3 2
9102 222 2 .3 6

Portion 9102 xxx  was intentionally removed from 
the bottle without its being mixed with the remainder 
of the sample, as it showed evidence of decomposition, 
being covered with mold. The results were some­
what higher than we expected after the sample had 
been exposed for eighteen hours to the temperature 
of the air. Upon obtaining the records from the 
local weather bureau a rather interesting fact became 
apparent: the average temperature for the eighteen 
hours was 6.6° C. As we have previously demon­
strated that low temperatures check the hydrolysis 
of glycogen, no great change could be expected in 
this instance.

Experiments with Horse Flesh .— A  horse thin but 
not in starving condition, about twenty years old, was 
killed and a portion of lean muscle from low in the 
neck used for the glycogen determination.

In the tables below the elapsed time indicates the

T a b l e  V I.— G l y c o g e n ' i n  H o r s e F l e s h .

G l y c o g e n , E l a p s e d C o n d i t i o n
L a b .  N o . p e r  c e n t . t i m e . T e m p e r a t u r e . o f  s a m p l e .

91190 x  . 0 .1 8 3 30  m i n . 2 0 ° -2 5 ° F r e s h
91190 y 0 .1 2 2 37 “
91190 2 0 .1 3 3 41 44

91190 x x 0 .0 6 6 22 h r s . 2 0° F r e s h
91190 y y 0 .0 7 7 22 “
91190 x x x 0 .0 1 4 3 d a y s 2 0° S l i g h t l y  d e c o m p o s e d .
91190 y y y 0 .0 1 5 3 “
91190 222 0 .0 1 0 3 “

time passed after the death of the horse before the 
sample was placed in alkali. The temperatures 
mentioned are those to which the sample was sub­
jected for the period given previous to the analysis.

The above results show that horse flesh is subject 
to an enzym atic hydrolysis similar to that of beef. 
A t the end of 22 hours the loss of glycogen was equal 
to 51.4 per cent, and at the end of 3 days to 91.1 per 
cent.

SUMMARY AND CONCLUSIONS.

1. The glycogen content of beef muscle and beef 
liver varies from 0.1 to 0.7 and 0.2 to 3.8 per cent, 
respectively.

2. Starvation or extreme debility does not cause 
entire removal of glycogen from the muscle or liver.

3. The glycogen of beef liver and muscle slowly 
decreases, but does not entirely disappear, when kept 
at a temperature of 6.5° C. for over two weeks. G ly­
cogen m ay be present even when liver has become 
unfit for food.

4. Horse flesh is subject to an enzym atic hydroly­
sis of the glycogen similar to that of beef. The 
glycogen decreases slowly when the sample is ex­
posed to temperatures of about 20-25 °.

5. The glycogen content cannot be said to ofTei 
an absolute or even approxim ate basis for distinguish­
ing beef from horse flesh.

C o l u m b i a , M o . ,  F e b ., 1 9 1 0 .

A D D R E S S E S .

V E G ET A B L E  TANNING M A T E R IA L S .'

B y  J o h n  H . Y o c u m , L ad ew  a n d  Y o cu m  T a n n e r ie s , N e w a rk , N . J .

When in the time that our tanners had the virgin forest to 
depend upon, hemlock and oak bark were the only vegetable 
tanning materials in use in this country, and they yet remain 
the source of greatest supply of tannin.

The yearly cut of hemlock bark is between 800,000 and
900,000 tons, and oak bark from 300,000-400,000 tons. The 
peel of helmock has decreased about one-third in the last ten 
years, while the peel of oak bark has remained nearly stationary.

Because of increased production of leather during this period 
and because of the decrease in the peel of hemlock bark, it has 
become necessary to reach other sources of tannin supply.

The first development to meet these conditions was the 
making of chestnut wood extract, which has now reached a 
very important stage, from 450,000-500,000 bbls. being pro­
duced yearly. In addition chestnut wood is being used at 
many southern tanneries directly in the leaches. Tanners have 
found that the liquors obtained by this method are insufficient 
in strength for their purposes, so some of them have added 
evaporating plants to their leach houses to concentrate their 
liquors to a sufficient strength for their use.

A barrel of chestnut extract is practically equal to a  ton or 
cord of either oak or hemlock bark, and while the yield from 
various extract factories differ, generally a cord of wood (128 
cubic feet) yields a barrel of the 25 per cent, tannin chestnut 
extract.

Quebracho extract is made from quebracho wood, a product
1 A d d ress  b efo re  N ew  Y o rk  S ec tion . A m erican  C hem ica l S o c ie ty  

S y m p o s iu m  o n  L e a th e r .
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of the River Platte Valley in South America. This wood con­
tains from 18-24 per cent, tannin.

The solid quebracho extract contains about 65 per cent, 
tannin and is sold on this basis. The yield of extract is generally 
one ton of solid extract from about three and one-half tons of 
the wood. One ton of the solid extract is considered equivalent 
to nine tons of oak or hemlock bark.

There are now being imported about 60,000 tons of this solid 
extract pr its equivalent in wood; as there are two factories 
manufacturing liquid quebracho in this country, the equiv­
alency of this quantity of quebracho is 540,000 tons of oak or 
hemlock bark.

The tariff on this product was formerly yi cent per pound, 
but it has been raised to cent per pound in the new tariff 
bill.

Mangrove bark and mangrove extract are also imported in 
quantity. Mangrove bark grows on the low shores of salt 
waters everywhere in the tropics. Along the Gulf of Mexico, 
mangrove averages, when properly cured, about 30 per cent, 
tannin; that from the East coast of Africa about 40 per cent, 
tannin. East Indian and Borneo, between the two; this product 
enters free of duty, so that no accurate data is obtainable as 
to the quantity imported, but this no doubt is more than 20,- 
000 tons annually, equivalent to more than 60,000 tons of oak 
or hemlock bark.

In the East Indies are two factories making solid extract 
from this bark, which comes upon our market as mangrove 
cutch; the quantity being brought in is not large now on account 
of the duty of 7/8 cents per pound, which the new tariff has 
placed on this product. It formerly came in free.

Myrabolans are the fruit of an Indian tree, the harvest rang­
ing from 30,000-45,000 tons per year. The United States is 
taking from one-tliird to one-half the production. Myrabolans 
contain about 30 per cent, tannin. What is now being used 
in the tanning trade in this country will represent at least
45.000 tons of oak or hemlock bark. It comes in free of duty.

Valonia, the cup of an acorn obtained in Asia Minor and
Greece, is being imported in quantity; it contains about 40 per 
cent, tannin. The harvest is from 50,000-60,000 tons per year. 
What is being brought into this country is equivalent to about
40.000 tons of bark per year. It comes in free of duty.

Divi-divi, wattle bark, etc., do not come into this country
in any quantity.

Palmetto extract and canaigre are not produced in sufficient 
quantities to be commercially considered. Sumac and gambier 
are imported in large quantities, but do not go into the same 
trade that uses our native barks and cannot be compared with 
them.

From the estimates given of what the various tanning ma­
terials in use here are equivalent to in bark, it is seen that in 
total 2,300,000 tons are represented, about one-third being 
imported materials. A t a fair valuation, these materials cost 
the tanner about $23,000,000, the importations being about 
$7,000,000 per year.

From a chemical view-point, tannins are divided into pyro- 
gallol tannins, such as those from chestnut wood, myrabolans 
and valonia; and catechol tannins, such as from quebracho, 
hemlock, mangrove and oak bark. But from the tanners’ 
view-point, the color and characteristics of the leather made 
from these various materials is of more importance.

Arranging these materials as to their color, that is from a 
light yellow to a dark red, we have sumac, myrabolans, valonia, 
bleached quebracho, oak bark, natural quebracho, chcstnut. 
West Indian mangrove, hemlock, and East African mangrove.

It  is important to a tanner of oak so far as color is concerned, 
that if he uses chestnut, to also use quebracho, so that a duplica­
tion of the oak color be obtained. There are many combina­
tions that can be arranged from these materials to duplicate the

oak, hemlock or union colors so long established as standards 
in the sole leather trade.

The color of the leather produced is not the only characteristic 
which the tanner has to consider in the use of tanning materials; 
some wish hard leathers, some soft. It  is well established that 
sumac is not suitable for hard leather; it is used on sheep and 
other soft leather exclusively. Myrabolans are considered a 
soft tannage. Valonia and chestnut are considered hard tan­
nages. Oak, hemlock, mangrove and quebracho are used on 
both hard and soft tannages. There seems good reason to 
believe that by proper manipulation soft leathers can be ob­
tained from any of these materials.

Palmetto extract which often contains as much as 12 per cent, 
of ash from salts soluble in the extract, the extract containing 
about i o  per cent, tannin, invariably makes soft leathers when 
used alone. Sulphited quebracho extracts which contain a 
large per cent, of ash also make soft leathers, and it is a well- 
known fact that hemlock liquors treated with common salt 
will tan sheep skins as soft as does sumac.

From- this it is a fair conclusion that salts in tanning solu­
tions have a tendency to soften the resulting leather.

In tanning pickled sheep skins, that is, skins cured in NaCl 
and HjS0 4, unless the tanning solution is salted; that is, treated 
with NaCl, the skins plump and lose their value, becoming hard 
and tinny when tanned; that is, NaCl counteracts the action of 
the H 2SO( on skins.

The tanners of the hardest sole leather use H2S0 4 as a plump­
ing agent, using hemlock, oak, mangrove, valonia, chestnut, 
myrabolans and quebracho in various mixtures and proportions. 
It follows that the character of leather as to softness or hardness 
is more dependent on the relation of plumping acids to soluble 
non-tannins than it is on the character of the tanning material 
used.

In using the term soluble non-tannins, I wish to include the 
effect not only of soluble inorganic salts, but also the similar 
effect of organic non-tannins natural to the tanning material.

The character of the organic non-tannins vary both as to 
their ability to furnish plumping acids and non-plumping 
acids, and likewise as to their depression of plumping acid 
action on the skin.

It is quite true as a rule that the pyrogallol tannins do not 
give the hard leathers that the catechol tannins produce, yet 
this may not of itself be due to the character of the tannin, 
but may result from the fact that gallic acid and non-plumping 
acid is usually present in the tanning solutions made from these 
materials.

The subject is a broad one and needs much investigation, 
but sumacs and nutgalls of the pyrogallols series show the 
largest changes into gallic acid and give the softest leather, 
while valonia of the same series shows small changes into gallic 
acid and gives a firm leather. On the other hand, chcstnut 
extract contains in its extracted form gallic acid, and not 
subject to much further changes into this acid, gives a firm 
leather.

Palmetto is of the catechol series, but gives a soft leather, 
which as I have noted before m ay be due to the presence of 
excessive quantities of inorganic salts, yet all the rest of this 
series are used for heavy leather tannages.

The nature of the combination of hide with tannin is not 
fully understood at present, but the tanner has had the ex­
perienced knowledge of generations in the use of raw vegetable 
tanning materials. This knowledge seems to have brought the 
practical tanner to conclusions, and he has determined in his 
own mind w hat raw material he wants to use to produce a certain 
result.

It  lies with the chemist to determine the reactions between 
the different tannins, non-tannins and their relations to salts 
and acids before the final decision can be reached as to the
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weakness or strength of the rule of thumb methods now fol­
lowed by the tanner in determining the kind of tanning ma­
terial to be used by him.

D Y EIN G  L E A T H E R .'

B y  F . Iv. A t t e a u x , P re s id e n t, F . 12. A tte a u x  a n d  C o., B o s to n .

The art of dyeing leather was known to the early Egyptians 
over three thousand years ago. They produced finely colored 
leather, samples of which have been found and preserved.

The Chinese and various Oriental tribes also understood the 
art, and produced highly colored and embossed leather, similar 
to morocco. They were the first to introduce colored leather 
in Europe.

After a time the races of Europe began to learn the process of 
manufacture and coloring leather for their own consumption. 
As time went on the art of dyeing leather increased. Processes 
were improved and at the present time the methods employed 
are radically different from those used only a few years ago.

Formerly vegetable coloring matters were in great .demand 
for dyeing leather, but now these products have been replaced 
one by one with the artificial dyestuifs, and to-day only a few 
vegetable colors are used, the most important of which are 
logwood and fustic.

Of the artificial or so-called aniline dyes, those especially 
adapted for leather dyeing are the acid, basic, direct and alizarine 
dyestuffs.

These act differently on different tannages.
Chrome Tannage.— The process of dyeing the different kinds 

of chrome-tanned leather such as calf, sheep, goat and heavy 
leather, also pig and horse hides are similar and the formula 
used on one may be applied to all, with good results, the only 
difference being a slight variation in body or shade due to the 
nature of the skin and the method of chrome tannage.

Before dyeing, the skins should be thoroughly washed and if 
necessary cleared with dermiforma or lactic acid; then if desired 
a bottom of some vegetable coloring or tanning matter m ay be 
applied, such as gambier, sumac, quebracho or fustic, but this 
is not necessary only where basic colors are used, when a tannin 
mordant or bottom is required.

To obtain best results for sumac or gambier bottom, drum 
for 20 minutes at ioo° F., neutral, with 3-6 per cent, of extract, 
the amount used depending upon the strength of bottom.

The liquor is then run off and '/ ¡-I  per cent, tartar emetic 
is added, dissolved in a sufficient quantity of water, and 
drummed 15 minutes longer at normal temperature; rinse well 
before dyeing.

Fustic is applied in the same manner as the sumac with the 
exception of the tartar emetic bath which m ay be omitted.

From 1-3 per cent, of the extract m ay be used. This makes 
a good bottom for acid, direct or alizarine dyes, but should not 
be used for basic dyes, as it has but little affinity for them.

On dyeing heavy chrome leather with fustic this process and 
the fat-liquoring may be combined by first dissolving the fustic 
and then adding it to the drum together with the fat-liquor and 
drumming 20-30 minutes.

Alizarine colors can be dyed directly upon chrome leather 
either with or without a  vegetable bottom. T hey are dyed 
with the percentage of color required to obtain shade for 20 
minutes at 120° F. in neutral or slightly acid bath. If acid is 
used the best results are obtained by using 1-2 per cent, acetic 
acid.

These colors are used mostly on calf and heavy leather.
Alizarine orange R  and alizarine yellow G are the most ex­

tensively used of these colors. B y  shading with logwood or 
alizarine blue a variety of tans and browns can be obtained.

Direct colors dye leather in a neutral or slightly alkaline bath.
1 A d d ress  b e fo re  N ew  Y o rk  S ec tio n . A m e ric a n  C hem ica l S oc ie ty . 

S y m p o s iu m  o n  L e a th e r .

They are drummed for 20 minutes at 120-130° F. From 1-3 
per cent, of color should be used, the quantity depending upon 
the shade desired. If necessary W - 1/* Per cent, of sal soda 
may be added to drum and this will insure the leather against 
acidity.

Wash leather well after dyeing.
B y using 4 per cent, soluble oil, or some other light fat-liquor 

in the dye solution it is possible to fat-liquor and dye in the 
same bath.

Any of the direct colors can be used and by the combination 
of colors a  great variety of shades can be produced.

Direct blacks are now used extensively in combination writli 
logwood for producing black on calf and cow hides.

B asic colors are dyed similar to the direct colors only in a 
neutral bath at u o °  F.; by adding l/ t per cent, bichromate of 
potash to drum after dyeing and running 15 minutes longer it 
will produce darker shades. These colors are used on all classes 
of clirome-tanned leather.

Phosphine produces various shades of tan ranging from a 
light yellow to the brown.

Bismarck- and chocolate-browns, malacliite-green, fuchsine, 
auramine, methyl violet and methylene blue are colors of this 
class. They are fast to nearly all fat-liquors excepting a strongly 
alkaline fat-liquor which is liable to strip the color.

A cid  colors are dyed by using Pcr cent, sulphuric acid
with the dyestuff. This is not necessary with all acid colors, 
some of which will dye neutral but many of them will not color 
the leather unless acid is used.

Acetic or formic acid may be used in place of sulphuric.

Leather can be drummed in a weak acid solution and color 
added in small quantities until the desired shade is obtained.

With these colors it is best to use a neutral or light fat-liquor, 
or fat-liquor before dyeing. Golden and coffec-browns are 
combinations of dye belonging to this class.

Colors very fast to light and fat-liquor can be obtained by 
dyeing the leather with 2 per cent, of dye in a drum for 20 
minutes at 120° F . in a neutral bath.

The leather is then washed and run through a cold bath, 
composed of 2l/\ per cent, nitrite of soda and 5 per cent, hydro­
chloric acid for 15 minutes. I t  is then washed and put through 
developing bath of 1 per cent, of phenylamine, diamine, meta- 
toluine diamine or some other developer for 15 minutes. The 
bath should be kept cold because resulting colors are apt to be 
dull or rusty if temperature of bath is too high.

The leather is then fat-liquored, dyed and finished.
Primuline, boma black BH  and developed brown R  can be 

dyed by the above formula, good bright colors resulting.
Sulphur colors can also be dyed on leather by first dissolving 

the dyestuff in as little sodium sulphide as possible and adding 
it to the drum with 5 per cent, salt and drumming for 20 minutes 
at u o °  F.

India T an .— Before dyeing India goat or sheep skins it is best 
to dear them with ‘/ 2- i  per cent, tartar emetic or 1-2 per cent, 
lactic acid, or if necessary re-tan with sumac and then wash 
thoroughly.

Basic and acid colors are the only class of dyestuffs used upon 
India skins with satisfactory results.

Direct and alizarine colors will not dye to advantage and it 
is considered a waste of material and time to use them.

B asic colors dye India-tanned leather very easily as the tan­
nage acts as a mordant, and readily takes up the dye. They 
produce very bright colors, and arc dyed by drumming 120° F. 
in a  neutral bath for 20 minutes. 2 per cent, of the dyestuff 
produces a full shade.

If an excess of color is used bronzing results, but this m ay be' 
overcome to a certain extent by  using a small percentage of 
acetic acid with the color.
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T o  d y e  w i t h  a c id  c o lo r s , th e  s k in s  a f t e r  b e in g  c le a r e d  a r e  d y e d  

a s  fo llo w s :

For 1 per cent, color use 0.25 per cent, sulphuric acid, the 
ratio varying with the amount of color used; they are dyed 
similar to the basic colors with the exception of the addition of 
acid; the skins which have been previously treated with sumac 
and sulphuric acid do not require the addition of acid with the 
color, as the acid retained in the skins is sufficient to drive on 
the color.

A cid  colors are much faster to light than basic colors and 
produce bright shades.

Leather red 3B, tartrazine, orange A conc., induline and acid 
green are all extensively used.

Vegetable Tan.— Acid and basic colors can both be used upon 
sumac, gambier, quebracho and other tannages of this class. 
They are dyed in the same manner as India-tanned skins.

The various combination tannages are also colored in a like 
manner. If a basic dye will not color with good results the 
leather should be drummed with sumac and afterwards treated 
with tartar emetic. The color will then go on properly.

Bark-tanned sheep leather, hemlock splits, etc., are dyed very 
easily with acid colors and sulphuric acid. If basic colors are 
desired the leather should be treated with sumac before dyeing. 
For clearing bark-tanned skins '/2- i  per cent, borax, and the 
same quantity of W yandotte tanners’ soda gives good results, 
but if light shades are desired after clearing the skin with borax 
or Wyandotte/tanners’ soda then give them sumac and run for a 
few minutes in a solution of sulphuric acid of 1 per ccnt. of the 
weight of stock. Leather will be much lighter in color.

i Y j- 2 per cent, tin crystals can be used with sumac to good 
advantage.

Heavy oak or hemlock sole and belting leather are colored by 
brushing on solution of dyestuff, made up as follows:

'/j-2  oz. of color are dissolved in a gallon of water; acetic acid 
or methyl alcohol renders the color soluble.

Gum tragacanth and caseine can be used as thickeners. Both 
acid and basic colors can be used with the gum tragacanth but 
only acid colors with the caseine, as the alkali used to cut the 
caseine, will precipitate a basic color. For this reason basic 
colors cannot be used in any finish or seasoning containing 
alkali.

Potassium  titanium oxalate will produce a yellow shade similar 
to fustic upon any vegetable-tanned leather; it not only acts as a 
mordant but gives a good yellow bottom for the color. It does 
not work on chrome leather unless the leather has been pre­
viously treated with vegetable tanning material. It is dyed 
by drumming ‘/2-2 per cent, of the compound in a neutral 
bath at ioo° F. for 20 minutes; by using froin */g- 1 per cent, 
chrome with potassium titanium oxalat,e various shades of tan 
and light browns can be obtained depending upon the amount of 
chrome used.

B asic colors can also be used in combination with potassium 
titanium oxalate.

A lum  leather is dyed both in a drum and by brushing on color.
Methylene blue and roseine produce delicate tints of blue and 

pink which are used for fancy leathers. All the basic colors give 
fine tints and acid colors can also be used on this class of leather.

Chrome, alum and vegetable ooze leathers arc dyed with some 
class of colors previously given under the head of tannages to 
which they belong and are dyed in the same manner.

For a black ooze, the leather is first drummed with a yellow 
shade Bismarck or potassium titanium oxalate. A direct yellow- 
brown can be used on chrome ooze; then the leather is drummed 
with 2-4 per cent, logwood crystals for 30 minutes, l/ 2 per cent, 
alkali being added to force on the color.

A striker of acetate of iron or burnt copperas and copper 
sulphate is then used. It is next fat-liquored and then dyed 
with ‘/ j- i per cent, of neutral or leather black; drummed for 

hour at 120° F. and fat-liquorcd again and then finished.

The amount of aniline color and logwood crystals used de­
pends largely upon the tannage and shade of black desired.

Nigrosines are generally classed as basic colors, but they belong 
to a series of colors known as ingrain colors. They are ex­
tensively used in seasonings and finishes for blacks. They 
can be dyed on chrome leather, either in a neutral or acid bath, 
but do not give good results when dyed on vegetable tannages.

A fine blue-black shade is obtained on the flesh side of the 
leather by using a little nigrosine in with the logwood when 
dyeing.

A small percentage of nigrosine brushed on alum ooze leather 
gives light shades of gray and slate.

N O T E S  A N D  C O R R E S P O N D E N C E .

A MODIFIED SOXHLET APPARATUS.

V- In order to use as fully as possible the heat from an electric 
stove for ether extraction a  battery condenser was found con­
venient as it occupicd less space than separate glass condensers.
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A cheap but efficient condenser was made from a piece of ordinary 
galvanized iron water pipe into whose ends wooden plugs were 
inserted through which passed water inlet and outlet tubes and 
also the block-tin tubes in which the ether was condensed. 
The water jacket was about 36 inches long. The end plugs 
were made water-tight by pouring upon their inner surfaces a 
thick layer of tar. The bottom layer was poured in from the 
top and the top layer through a hole in the side which was 
subsequently soldered. The use of such a condenser prevents 
the employment of ground-joints between condenser and 
Soxhlet as they are not sufficiently flexible, Knorr’s modifica­
tion was therefore further modified by adding to it a second 
mercury seal at the upper end. The drawing explains the 
arrangement. The condenser end was made of glass having the 
same diameter as the block-tin tubes of the condenser and the 
junction was effected by first winding on the outside a light 
cotton soaked in gelatine acetic acid and then covering this 
while moist with a piece of heavy rubber tube. The rubber tube 
does not show signs of damage from the ether after several 
months of use.

V. E, H e n d e r s o n .
T h e  P h a r m a c e u t i c a l  L a b o r a t o r y ,

T h e  U n i v e r s i t y  o f  T o r o n t o .

AN IMPROVED OVEN FOR HIGH TEMPERATURES.

In the course of some experimental work on methods of

M ay, 1910

In'order to obtain a temperature of 250° C. the copper bottom 
had to be heated to redness. After a week’s use this bottom 
burned through, hence it became necessary to make some 
changes in the form of oven.

The old copper bottom was cut away, leaving an inch around 
the edges and the oven then placed on a separate heating base, 
the construction of which is shown in the accompanying sketch. 
This base consists of two iron plates the size of the oven, and one 
one-fourth inch apart, attached at the sides and open at the 
ends and connected by a number of one-half inch tight-fitting 
brass tubes. The upper plate is of three-eighths inch cast iron, 
the lower is of sheet iron and is used to prevent reflection of heat 
to the bench. The brass tubes allow the circulation of fresh 
hot air through the oven. The flame of the burners is applied 
to the bottom of the cast-iron plate through three-inch holes 
in the lower plate protected from drafts by circular hoods. 
Parallel grooves are cut in the upper surface of the cast-iron 
plate, and copper “ porcupines”  such as are sometimes used in 
air-cooled gasoline engine cylinders are expanded into them. 
The copper porcupines increase the radiation of heat and present 
a large heating surface to the air currents in the oven. The in­
creased efficiency is so great that a temperature of 250° C. can 
be maintained without heating the base to redness. The oven 
has been in daily use for several months and shows 110 ill effects 
beyond a slight scaling of the porcupines. These can be renewed 
when necessary at comparatively slight expense. The oven

T H E  J O U R N A L  O F  IN D U S T R IA L  A N D  E N G IN E E R IN G  C H E M IS T R Y .

asphalt analysis, it became necessary to have an oven tempera­
ture of 250° C. for several days at a time. The oven in use at 
that time w^s a  new single wall, single bottom, copper oven.

base was made according to our plans by the Hamblet Machine 
Company, Lawrence, Mass. \y_ C l a r k

G e o r g e  O . A d a m s .
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LENGTH OF A TECHNICAL PAPER.

Editor Journal oj Industrial and Engineering Chemistry.
D e a r  S i r :

In the April issue of T in s J o u r n a l ,  on page 157, is a note by 
J. W. Turrentine on the "Length of a Technical Paper.”

I wish to endorse all that he says therein. There is often 
too much abbreviation. The technical paper is written for 
the eyes and use of some one interested practically in the sub­
ject, and too much detail can hardly be given. It is too often 
assumed that well-trained chemists or men of standing are 
capable of reading between the lines and supplying the details. 
They m ay be capable with the hints given of working the process 
successfully after they have experimented with it and found 
what was lacking in the article. For instance the methods for 
crude glycerine analysis might be boiled down to: weigh out
1.5 grams crude glycerine into a  100 cc. flask, precipitate chlorine 
and act on reducing matters with silver carbonate, subsequently 
precipitating organic matters with basic acetate of lead. Make 
up to mark, filter oil an aliquot, rejecting the first portions, 
take 25 cc. in a 250 cc. flask and add about 42.5 cc. of the bi­
chromate solution and 15 cc. of strong sulphuric acid, etc. 
There , are several very essential details left out of the above 
for a  convenient and correct determination of the glycerol, 
but to the reviewer, who may not be acquainted with or interested 
in glycerine, the above appears all that is essential for a trained 
chemist to have. Give us the details in any articles printed 
in T h i s  J o u r n a l  and let the Abstract Journal and Journals on 
Popular Science or Chemistry handle the articles pruned down 
to Hints for the Imagination. Yours truly,

W i l s o n  H. Low. -

N e w  Y o r k ,  March 17, 1910. 
Chandler Testimonial. D e a r  S i r :

After a very long period, almost a  lifetime, of the most useful 
activity  as head of the Department of Chemistry and Dean of 
the School of Mines of Columbia University, Dr. Charles F. 
Chandler will retire from duties at the end of the coming term, 
to be appointed Professor Emeritus of Chemistry. We all know 
the great service rendered by this distinguished man to our 
science and to the industries of our country, and it is difficult to. 
convey in words the gratitude which so many of us owe to him 
who has always been ready to give his advice and to lend his 
assistance in practical w'ays.

To commemorate this important epoch in the life of our 
esteemed friend, the following organizations have taken the 
initiative in planning for a testimonial to be tendered to Dr. 
Chandler by the chemists of the United States: The Chemists’ 
Club, The Society of Chemical Industry, The American Chemical 
Society, The American Electro-Chemical Society, The American 
Institute of Chemical Engineers, The Verein Deutscher Chemiker.

The form of this testimonial has been arranged as follows:
F i r s t :  A  banquet at the Waldorj-Astoria, on Saturday, April 

30th, at 7 p.m . The cost of each dinner ticket will be $5.00, a 
sum which, while not sufficient to defray the expenses, will we 
hope insure a  large attendance. Ladies will be admitted to the 
galleries and light refreshment served them at a nominal charge 
of $1.00 per person.

" S e c o n d :  The presentation to our honored guest of a bronze 
bust of himself in heroic size, to be executed by the famous 
sculptor, Mr. J. Scott Hartley, which bust we expect will finally 
be presented to the Chandler Museum of Columbia University. 
A replica of this bust is to be presented to Mrs. Chandler.

T h i r d :  The Creation of a Chandler Testimonial F un d  for the 
purpose of purchasing books for the library of the Chemists’ 
Club.

The committee solicit your subscription for the object set forth, 
and request you to make your contribution a liberal one, so that 
a large sum m ay be collected which will be finally used for the

development of the library of the Chemists’ Club, New York, 
in which, as you know, Dr. Chandler has taken a special interest. 
This already contains the Perkin Library and is intended to be a 
reference and circulating library, covering the entire field of 
theoretical and applied chemistry, which is to be in charge of a 
salaried librarian, and is to contain duplicate sets, one of which 
is to be used for circulation among American chemists.

In addition to any personal interest you may take in this 
testimonial, you are urgently requested to bring the matter of 
subscribing to this fund, to the notice of any chemical concern 
with which you are connected, drawing their special attention 
to the invaluable service which Dr. Chandler has rendered to the 
industries of this country and to the development of its economic 
wealth.

Respectfully,
I. F. S t o n e ,  Pres, of the Chem. Club,
I r a  R e m s e n ,  Pres, of the Soc. of Chem. Ind.,
W i l d e r  D . B a n c r o f t ,  Pres, of the Am. Chem. Soc.,
L .  H. B a e k e l a n d ,  P r e s , o f  th e  Am. Elec.-Chem. Soc., 
C h a r l e s  F. M c K e n n a ,  P r e s , o f  t h e  Am. I n s t ,  o f  Chem. Eng., 
V i r g i l  C o b l e n t z ,  Chairman o f  th e  V e r e in  D e u t s c h e r  C h e m ik e r . 

C o m m i t t e e  o p  A r r a n g e m e n t s :  Treasurer, M o r r i s  L o e b ,  

273 M a d is o n  A v e . ,  N e w  Y o r k ;  Chairman, I .  F. S t o n e ,  100 

William St., N e w  Y o r k ;  Secretary, C h a r l e s  F. M c K e n n a ,  50 
C h u r c h  S t . ,  N e w  Y o r k .

B O O K  R E V IE W S A N D  N O T IC E S .

Hygienic Laboratory— Bulletin No. 58. Dec., 1909. Digest of 
Comments on the Pharmacopoeia of the United States of 
America and National Formulary. B y  M u r r a y  G. M o t t e r  

and M a r t i n  L. W i l b e r t .

This volume of 523 pages represents a complete digest of the 
literature selected from all available sources, relating to the 
Pharmacopoeia and National Formulary for the year ending 
1906, issued under the authority of the Surgeon-General and 
approved by the Secretary of the Treasury. The recognition of 
these two standard works through the provision of the Food 
and Drugs Act, in connection with the U. S. Government be­
coming signatory with other powers respecting the unification 
of pharmacopoeial formulae, creates for the U. S. Pharmacopoeia 
and National Formulary a position of great legal importance. 
Therefore in the coming decennial revision, it is highly im­
portant that the mass of comments and criticisms, more espe­
cially those bearing on the relations of these works to the law, 
are in shape readily available. Also during the interval of 5 
years new revisions of several foreign pharmacopoeias have ap­
peared which must receive careful consideration in accordance 
with the agreement between the United States and the Brussels 
Pharmacopoeial Conference.

As a work of reference for chemists, physicians and apothe­
caries, this report is highly recommended since there is scarcely 
a  field in which they are interested not reviewed. In the 
table of contents appear some of the following headings: Legal
Status of Food and Drug Law, Standards, Analytical Data 
(physical constants, thermometry, polarization, apparatus, color 
standards), Biologic Products, Vegetable Drugs (valuations, ash 
determinations, alkaloids, physiologic standardization), Phar­
maceutical Preparations, International Standards, Foreign 
Pharmacopoeias, Rules of Brussels Conference, Comments on 
Official Standards, etc.

The compilers are to be commended upon the thoroughness 
and care exercised in this task. V. C o b l e n t z .

New and Non Official Remedies 1910 Containing Descriptions of 
the Articles which Have Been Accepted by the Council on 
Pharmacy and Chemistry of the American Medical Association 
Prior to Jan. 1st, 1910.

The purposes of this book (256 pp. with index) are explained
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in its preface as follows: The Council of Medicine and Pharmacy 
was established in February, 1905, by the American Medical 
Association, primarily for the purpose of gathering and dis­
seminating such information as would protect the medical 
profession in the prescribing of proprietary medicinal articles. 
In pursuance of this object the Council examines the articles 
on the market as to their compliance with definite rules which 
arc designed to prevent fraud, undesirable secrecy and the 
abuses which arise from advertising to the laity. Such articles 
as appear to conform to the rules are admitted and their essential 
features are described in this annual publication of the Council. 
Physicians are to understand that the acceptance of an article 
does not necessarily mean a recommendation, but that so far 
as known it complies with the rules of the Council.

Through this means the Amer. Med. Ass’n has endeavored 
to combat the proprietary medicine evil. The contents embrace 
practically all of the newer synthetics that have appeared in our 
market, in addition to organic gland remediáis, serums, vaccines 
and some proprietaries. It is an excellent and authoritative 
book of reference for the chemist, apothecary and physician 
since the descriptions, tests of identity and for impurities as 
well as therapeutics are fully treated. V. C o b l e n t z .

S C IE N T IF IC  A N D  IN D U ST R IA L  S O C IE T IE S .

SEMI-ANNUAL MEETING AMERICAN INSTITUTE OF CHEM­
ICAL ENGINEERS.

The summer meeting of the American Institute of Chemical 
Engineers will be held at Niagara Falls, N. Y ., June 22-24, 
1910.

A prominent feature of the meeting will be visits to the 
interesting chemical industries in this locality.

An important program of papers is being arranged for by the 
Committee on Meetings.

COMMITTEE ON RESEARCH PROBLEMS, DIVISION OF IN­
DUSTRIAL CHEMISTS AND CHEMICAL ENGINEERS.

The Committee on Research Problems of the Division of 
Industrial Chemists and Chemical Eng neers realizes that the field 
open to it is broader than it can possibly cover in its entirety. 
It feels that it is not within its province to take up specific 
problems that are of limited interest or that affect merely 
economic questions of local interest; rather that its work should 
be on broad lines of questions of general methods of research 
and of researches that affect the conservation of natural re­
sources by decreasing waste and rendering materials now 
ignored of use.

We, therefore, ask the members of the American Chemical 
Society for suggestions of lines on which it is practicable for us 
to work and that will enable us to be of the greatest assistance. 
The following seemed to the committee promising ones 011 which 
to start, but if we are to succeed in them we must have the 
cooperation and assistance of the members.

We wish the members to send us statements of the general 
problems that they are investigating, 111 order that we may 
bring in direct communication those who are working on similar 
lines. We also wish to be in a position to put those who desire 
advice as to general methods and appliances in direct com­
munication with those who can and will give such information. 
There are many members of the Society who are so located 
that they have not access to libraries when they are called upon 
to make investigations in lines new to them. It will be of 
great assistance to such men if they can learn who have worked 
011 similar lines and are willing to give them advice and tell 
them where to look up the particular points they wish to know 
about. The committee particularly desires to be informed

which members are willing to assist others in this w ay and on 
what particular lines.

In a  great many cases men have made occasional observa­
tions, tests and analyses, which by themselves are only of 
temporary interest, but if the results obtained by all who have 
worked on any of these lines were collected and compared, the 
results would often be of permanent value. As an instance, the 
collection of routine coal analyses, from which a map was 
prepared showing the geographical distribution of sulphur and 
ash in the Welsh coal fields. This map proved to be of great 
value to the consumers. A similar collection of analyses of 
our coals, especially if it included the determinations of the 
fusibility of the ash, would be very useful. The analyses 
published by the coal companies, and even the Geological 
Surveys, are often unsatisfactory, as they are usually either 
those of picked samples or of very large averages that do not 
correctly represent what the consumer is likely to receive.

In the aggregate the amount of work done by students for 
their theses is immense, but it is scattered and individual re­
sults are often small. The committee believes that if the 
colleges would cooperate and agree on a list of subjects each year 
and the results of all the theses on any subject compared, much 
valuable information would be obtained. In many cases the 
work done in one year would suggest modifications and ex­
tensions of the problems to be taken up the next year. In 
many cases it is not practicable to publish a thesis, and in many 
cases they are not of sufficient value to warrant it. Most of 
them, however, contain some points that are new or interesting, 
and if a number of those on one subject could be combined they 
would be well worth publishing, and the men would have the 
credit for the good work they have done.

If those in charge of such work will let us know whether they 
consider such cooperation feasible, and if so, how best lo  bring 
it about, we, as a committee, will do all in our power to assist 
them.

(Signed): G e o r g e  C. S t o n e ,

W . R .  W h i t n e y ,

G. W. T h o m p s o n .

REPORT ON THE MEETING OF THE SUB-COMMITTEE ON 
GLYCERINE ANALYSIS AT BOSTON,

DECEMBER 29 and 30, 1909.

Organization.— Mr. R. E. Devine resigned from the committee 
a year ago. His resignation, however, has not to date been 
accepted and inasmuch as Mr. Devine has again taken up 
glycerine work and has expressed a  wish to resume his work in 
the committee it was thought that he should still be considered 
a member.

Dr. Hillebrand was informed of the invitations extended to 
Dr. A. M. Comey and Mr. S. E. Emery aud stated that these 
gentlemen would be officially notified of their appointment. 
Mr. B. T. B. Hyde requested that Mr. Loveland take his place.

The committee as at present constituted therefore consists of: 
A. C. Langm uir, Chairman,
R o b e r t  E .  D e v i n e ,

J. W. L o v e l a n d ,

W. H. Low,
A. M. C o m e y ,

S. E . E m e r y .

s a m p l i n g  a n d  a n a l y s i s .

Meetings were held at the Hotel Lenox on the afternoons 
of December 29 and 30, 1909. There were present Messrs. 
Hyde, Loveland, Low, Comey, Emery and Langmuir.

A general discussion of the methods ill use for the valuation 
of crude glycerine and the results .handed in on the analysis of 
the samples sent out by the chairman, took place. All of those 
present had had practical experience with both the acetin and
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bichromate methods. Some of the members used the acetin 
method almost exclusively in their work; the others made use 
of the bichromate process mainly, testing occasional samples 
by the acetin method. The committee was in substantial 
agreement as to the details of the acetin process. It had been 
the experience of those members of the committee who had 
persevered with the acetin method, that good duplicates were 
obtainable which agreed with the bichromate on good crudes 
and distilled glycerines and disagreed on bad crudes. Results 
obtained independently by members of the committee in the 
analysis of the pure sample A show that both methods have 
a tendency toward low results, but that these results are prac­
tically identical in the case of pure glycerine. In view of this 
and the fact disclosed by replies received to the committee’s 
circular letter that a majority of glycerine chemists use the 
bichromate method and are strongly in favor of it, the committee 
felt that both methods should be investigated, with the object 
of recommending the details of each method necessary to achieve 
the best results and to indicate which process should be em­
ployed with impure crudes.

A test which would measure the impurities present and 
indicate the cases where the bichromate would be unreliable 
is very necessary. The determination of non-volatile organic 
impurities leads to discordant results unless conditions are 
under good control and is not adapted to the general laboratory. 
The determination of alkali combined with fatty acids is readily 
carried out and possibly is a guide to the amount of organic 
impurities present. Messrs. Low and Langmuir undertook to 
investigate the reliability of this test in various crudes.

The chairman stated that there should be little trouble in 
reaching an agreement as to the details of the acetin method 
or the methods of testing dynamite glycerine and advised that 
the brief time at their disposal be devoted to a thorough dis­
cussion of the bichromate method in order to reconcile differences 
and lay out lines of research.

Correspondence received by the chairman revealed a chaotic 
condition with respect to the bichromate method, each chemist 
using modifications of his own with widely different methods 
of purification and oxidation. Considerable work is necessary 
to decide which of these modifications are erroneous or super­
fluous and to evolve a method embodying the best features of 
the methods submitted.

Sam pling jrom Drum s.— No attempt should be made to include 
salt in the sample, which must be free from solid deposits to 
insure agreement among chemists. Drums should stand bung 
up, to permit salt to settle. The sample is taken with a glass 
tube as large as can be closi'd by the thumb and long enough 
to reach to the bottom of the: drum, as stratification is possible. 
If salt is felt the tube must not be pushed into the salt. In 
removing the tube, the glycerine adhering to the outside is 
stripped by drawing through the fingers. Every drum is 
sampled. Sample is delivered into a large preserve jar with 
compression top, which can be warmed and shaken to mix 
sample.

Any salt left in the drum after dumping is not washed out, 
but is weighed with the tare and placed at the disposal of the 
seller.

For analysis a  large weight should be taken and reduced by 
aliquot ing.

For purification silver sulphate, basic lead acetate, combi­
nations of the latter with silver oxide or carbonate, and copper 
sulphate are in use.

Mr. Langmuir promised to make a study of the relative 
effectiveness of silver sulphate and basic lead acetate.

The committee considered evidence to the effect that silver 
oxide showed a  tendency to oxidize glycerine, particularly in 
alkaline solutions and concluded that silver carbonate or sulphate 
would be a superior agent for the removal of chlorine.

On account of its superior solubility silver sulphate should 
be more effective than the carbonate in removing chlorine. 
Mr. Low will make a comparison of the two reagents in this 
respect.

The chairman cited experiments showing that the salt left 
after treatment with lead acetate alone, did not exceed 3 milli­
grams in the portion taken for oxidation in the Richardson 
and Jaffe method and that no measurable error was produced 
in this way. If silver salts are not required in the removal 
of chlorine there is no object in adding them unless the purifica­
tion is more complete, or the precipitate more easily filtered.

Mr. Low’s experiments with salt led him to a different con­
clusion. Mr. Low agreed to test the effect of the small amounts 
of salt which would escape the lead acetate in the bichromate 
oxidation mixture.

Mr. Low and the chairman were also at variance in regard 
to the action of the acetic acid in the small amount introduced 
by the lead acetate, upon the oxidation mixture and it was 
agreed that each repeat his experiments.

Mr. Emery undertook to make a comparison of copper sulphate 
and lead acetate in samples to be sent him by Dr. Comey.

Dr. Comey will make a study of the effect of varying basicity 
of the lead acetate in the purification of glycerine to determine 
whether glycerine is retained in the precipitate when the acetate 
is strongly basic.

In regard to the oxidation, the chairman believed that the 
problem consisted in so adjusting conditions that all of the 
glycerine and a minimum of the fatty  acids present be oxidized. 
A reaction may be considered analytically complete if the time 
is equal to twenty times that necessary to carry it half way. 
As all know, the oxidation of glycerine is so rapid as to be 
almost violent when concentrated sulphuric acid is added to the 
glycerine bichromate, and it would appear that the glycerine 
oxidation is complete in a few minutes unless intermediate 
products are formed which are but slowly oxidized. This is an 
important point and the chairman undertook to determine 
the minimum time necessary to effect the maximum oxidation 
with C. P. glycerine.

Once established this time should not be exceeded, in order 
to reduce the error due to oxidation of fatty acids. This reac­
tion, as may be observed by mixing acetic acid with the bichro­
mate mixture, is a slow one, but may occasion considerable error 
if the time be unduly prolonged. The speed of a reaction is 
halved by every io ° C. reduction in temperature. The chair­
man believes that this error should be diminished to a fourth, 
as may be done by carrying on the oxidation at 80° C., provided 
the oxidation of glycerine may be completed at this temperature. 
He agreed to test the effect of the lower fatty  acids in this way.

Independent work on the above lines by other members of 
the committee is advisable.

If carbon monoxide or formaldehyde are formed and escape 
in the gases, an error is produced which goes to offset that due 
to fatty  acids. Dr. Comey agreed to test the gases evolved 
for the above impurities.

A  difference in results is possible by varying the initial tem­
perature of oxidation. This may be done by adding dilute 
sulphuric acid instead of concentrated as in Comey’s method. 
Mr. Loveland will experiment on these lines and will also de­
termine whether there is any difference between delivering the 
glycerine to be oxidized at the bottom of the hot bichromate 
sulphuric mixture or adding sulphuric acid in the usual w ay 
to the bichromate-glycerine mixture.

The committee agreed that bichromate was the best stand­
ard. It should be pulverized and dried at 110-120° C.

The most desirable standard is anhydrous glycerine or glyc­
erine of known strength as determined by an accurate specific 
gravity table. Messrs. Comey, Low, Emery and Langmuir
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will attem pt this winter to establish the gravity of anhydrous 
glycerine.

It was decided to meet again in June and it was hoped that the 
above research work would be far enough along at that time 
to enable the committee to make final recommendations.

The chairman h|d prepared three samples for analysis, 
marked A, B, and C. “ A ”  contained 76.02 per cent, of anhy­
drous glycerine, 4.00 per cent, sodium chloride, 1.00 per cent, 
potassium sulphate, 0.50 per cent, sodium carbonate and 18.48 
per cent, of water. These amounts were carefully weighed 
and thoroughly mixed. The glycerine was prepared from a 
high-grade C. P. product. The water was first expelled by 
heating in  vacuo until the glycerine was boiling freely. The 
first third of the distillate was rejected. The second third 
only of the glycerine run was taken. The vacuum was about 
12 mm. and special precautions were adopted to exclude moisture. 
The specific gravity of thi§ glycerine at 15.6/15.6 C. was 1.2651, 
not corrected to vacuo. “ B ”  was a light-colored soap lye crude 
of good quality. “ C ”  was a dark-colored soap lye crude ob­
tained by thoroughly mixing a number of low-grade samples 
of domestic and foreign crudes.

B i c h r o m a t e  M e t h o d .

A n a ly s t. S am p le  A. S am p le  B . S am p le  C.

. . .  75 .5 5 8 0 .1 8 7 8 .9 9 S ilve r c a rb o n a te  a n d  b as ic  le ad
75 .6 3 a c e ta te .

2 ....... , , . 7 4 .9 9 8 0 .2 4 78 .7 7 S ilv e r s u lp h a te  a n d  b as ic  le ad
911J  J tí» 75 .11 7 9 .6 3 7 8 .8 3 a c e ta te .
9  A i  LO lfr, U - . . . . 7 9 .6 5
3 v3xI í -i ■ » o d  7Ä1P 7 7 9 .2 3 7 8 .0 0 S ilve r s u lp h a te  o v e r  n ig h t.

'  I t t i ł  «HÍ } 7 9 .1 9 7 8 .7 0
74 .3 0 7 9 .2 9 7 8 ,4 0

,7  U77 tlj • ¿74  16 7 8 .8 6 7 8 .3 6
4-.Í. .Q i . ?, 7 9 .3 0 77.70» S ilve r o x id e  a n d  b as ic  le ad
s r i l  0 ) ŁO lłb j j  2Í h i OU i)íl£J a c e ta te .
.̂ <*1 j -vy/J'. . ' / si l75 .'$ 6 r 7 9 .7 5 S ilve r s u lp h a te  on ly .

/.SÍ) .29
' ' ;:;i7 5 \3 è :îî;i 8 0 ’. ’¿ i  " 7 9 .9 8 B asic  lead a c e ta te  h o t, d o u b le

i t  is z t  a n { V .b o s t l í t x o  v lv /p l p re c ip ita tio n .
;7.5 -49.1> ; * 80^: 16 r 7 S.Vr, S ilve r o x id e  a n d  b as ic  le ad

n o t t a b h T M ? s n .12 ¿ 8 .8 8 a c e ta te .
7 5 .4 ?
7 5 .4 8

8 0 .0 9
8 0 .1 8

s : .¡ ■ 7 6 .2 0 s i  Í09 : 7 9 :3 2  0! : B asic  le ad  a c e ta te  5 h o u rs ’ d igcs-
'  !  \  75 .97 80 .7 7 7 9 .0 9 ,, ; t ig g b
. . . . c 7 5 ; .5 0 r 79 .85 7 9 .0 0  v le ad a c e ta te  a n d  silv e r
, ' .75 .40 7 9 .0 0 a c e ta te  20 m in u te s ' d igestion .

75:<)0 79 .68 VGfíí JÍJU ,to n o  NO I t  £

a r  norJC ' ß*)i ń  l o  i->í¡3on<í o tiT .b 'jp n o í oi(T v b ; b n
- i t s  tío  a f lT  ' .9111J , : ( . ANEJIN ; : . . .

p Q f  b 'Jria ^çunp lç A. S am p le  B. . p a m p ie  C .

1............... . 7 5 ,  JO so'.’i^ . .... 7 8 -Z? -, , S peeiaJ((; , p re c a u ­

r
<¿79.46 tio n s  ta k e n  to  

'av o ih ' M 'cafix m ic
, '^ js n  ¡Û iH  n i  ¿bv.>c V J iJ i l  19 'f ío i  orí 1 io '-•■Xicid.! > v l  1

,80 i 18 . , j , ,78 .36  . S m all a n jp u u ts
i 5 .48 8 0 .2 8 7 8 . Í5 . ca rb o n ic  ac id  

m a y  bè p re sé iit.
,:4 7 4 ^ 4 , : 7 8 .9 6 : , 76 .9 1  .n o m  n o d H m

7! .4 1 . ,78 .96 *,??„.
K q . ca rb o n ic  ac id  

p r e s e n t / 1 j: ::t
. c 7 5 .65 
; 75 . 6#  '

. 7 8 .6 9  
7S.I.1 ■

S p . gr. 1 5 / 1 5 . . . . . .  1 .2475 1 .2905  l ’2948 A n a ly s t I
N o n v o la t i le ;  1(30° C-. c 5 .3 6 %  1 0 .1 6 %  . 12 ,,48%  “ 1
A A ................... 5 ,1 6 %  <>.25% 9 .  •!»?!■ "  1
N d ti-v o la ti le o rg a n ic :. ' 0 .2 0 %  0 .9 1 %  ' 3 .1)6%  "  i
H y p o s u lp h ite s .1. . . . . .  N o n e  T r a c t  0 :0 9 %  '■ I ’

T h e , following chemists, all of w;hom have had special ex­
perience in glycerine analysis, have , tested, the three samples 
and sent their reports to the chairman, who takep, this oppor­
tunity to express his appreciation .of. the work, they Jiaye done 
and the interest they have shown: W. H. Low and E. F . Lyford, 
of the Cudahy Packing Co.; \Y, D. Richardson, E. F. Scherubel 
and R. H. Fash, of Swift & Co., Chicago arid F t. Worth; C. L. V. 
Zoul, Of Procter and Gamble," Cincinnati; J. W. Loveland and
afttoaqa ;>)inrrpn rts vd  bsititm siSb ? .u  rtJanflite nwortil lo.onh-j.

1 A n a ly s t N o. 4 re-.analyzed sam p le  C u s in g  silv e r a c e ta te  in s te a d
tliid fc ‘a iid  7S '.^V pcr ce h t.

G. A. Horne, of Babbitt & Co.; A. M. Comey, Fleming and 
S. E. Emery, of the Du Pont Powder Co.; F. S. White, E. Nordell 
and Y . H. Kooyumjian, of Marx and Rawolle; R. E. Divine, 
Detroit; J. F. Hinckley, New York; Stillwell and Gladding, 
New York, consulting chemists.

The bichromate equivalent of’ i gram of glycerine varies from 
7.462 to 7.486 in the reports received. In order to place the 
figures on .th e  same basis the chairman has recalculated the 
results to the equivalent 7.456, in accordance with the 1910 
atomic weights.

N o t e s :  (a) Analyst 3 was told that his results were low.
The tests were run again and the percentages opposite a obtained. 
This chemist frequently allows the glycerine to stand over night 
in contact with the silver chloride formed by the action of silver 
sulphate on the salt.

Mr. W. H .. Low obtained materially lower results in the 
analysis of crudes with silver oxide as a purifying agent, when 
the mixture stood any length of time, the silver chloride being 
reduced to metallic silver. Cazeneuve1 prepared glyceric acid 
by the action of silver chloride on glycerine in alkaline 
solution. Unless the glycerine is carefully neutralized these 
conditions will exist when silver sulphate is permitted to act all 
night. With silver oxide the error should be more serious as 
caustic soda is formed as a by-product, which, however, would be 
removed if lead acetate were subsequently added.

(b) Analyst 5 was asked to run sample B again with the result 
opposite b.

(c) T h r e e  c h e m is t s  w o r k in g  in d e p e n d e n t ly .

(d) Analyst prefers this test.
(e) Sample A contains 0.50 per cent, soda which probably

produced polyglycerols in contact with the glycerine at 160° C. 
Analyst 7 was unable to obtain good results on this sample 
until the alkalinity was removed.

(/) Two chemists working independently.

Results by the acetin method agree well with the exception 
of 10 and are uniformly low in the case of “ A .”  Sample C is
quite impure as only low-grade crudes were used in its prepara­
tion. This is confirmed by the high amount of organic impuri­
ties found by analyst 1 above, yet the difference between the 
acetin and bichromate methods is not marked.

a b s t r a c t  o f  r e p l i e s  r e c e i v e d  t o  t h e  c i r c u l a r  s e n t  o u t  b y

THE SUB-COM M ITTEE ON G LYCERIN E A N A LY S IS.3
A. C. L a n g m u i r ,  Chairman.

E. C o o k  & Co., London:
The acetine method gives results below the truth. In order 

to get accurate results the very greatest care and attention 
are necessary in all the details. We employ it in cases of di- 
rvergence as a check test on our regular method— the bichromate. 
W e'prefer the latter method, which is standard and which can 
be easily adhered to in all details. Such a method is a necessity 
in  a  laboratory handling a large number of samples of varying 
raw and finished products. Silver oxide appears to give more 
accurate results. We measure the bichromate solution as near 
as possible to Go9 F., allowing 15 to 20 seconds to drain. We 
agree that the bichromate is the most reliable basis, but prefer 
to standardize each time against Mohr's salt which is kept in 
solution in /«¿¿ bottles in a  dark room.

Sampling is very important. Drums should be well rolled. 
I f  it is possible to feel much: sa h 'a t  the bottom of the drum 
sampling-cannot be satisfactory. !;;; rhi

D. &  W. G ib b s ,  London, G . N. Petty, Chemist:
Modified Heliner Method: Clarification effected with copper 

sulphate and caustie" potash.; : O xida'tl& ff^ ' ^otirs at 180° F. 
The bidiroriiate:,iS'licep1: in ,neUtrali'fe(51iititifi' for:'W tliiS'condition 
;its"strength doCs!®6t cliahge a^ptec&Bry. 'T t i;is- stiltiiiardized
oJerfah« 70 yJCJim!xrc> tovlia lerli fobnlonoo bnc anoiluifK snilj;>!i».

VCom pt. rend..,  1 2 2 ,  12 0 6 .
2 See T in s  jouRK A i. 1 , ' '¿¿S! ; :o i l o n y i j u a  k >d b to o w
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against C. P. glycerin whose strength is determined by specific 
gravity, using Gerlach’s table.

The acetine method is less satisfactory with crude glycerines. 
The salts present require a higher temperature to keep the mass 
fused and this sometimes causes a loss of vapor from the top of 
the air condenser. The end point when neutralizing with 2 
per cent, caustic soda is often extremely difficult to determine, 
probably due to the presence of acid salts such as those of 
aluminum. This may also occur with lime compounds in saponi­
fication crudes. Unless troublesome precautions are taken 
to exclude carbon dioxide, uncertain results may be obtained 
during the final titration with acid.

Neither method is quite satisfactory from the distiller’s 
point of view as with low-grade crudes much more glycerine is 
sometimes shown by analysis than can be recovered by dis­
tillation.

J. C r o s F iE L D  &  S o n s ,  Warrington, England, J. Allan, Chemist:
Weigh 1.2 to 1.5 grams crude glycerine into a 100 cc. flask. 

Fill flask half full of distilled water, add 1 cc. 10 per cent, caustic 
soda and then 3 or 4 cc. 10 per cent, copper sulphate solution 
(or sufficient to neutralize the caustic soda). Fill to the mark 
with cold water, shake and filter. Twenty-five cc. of the filtrate 
are added to 40 cc. standard Hehner bichromate in a beaker; 
add while cooling 17 cc. sulphuric acid. Cover and heat for 
2 hours at So° C. When cool, determine the excess of bichromate 
in the usual way, using a fresh, strong solution of ferricyanide 
as indicator.

In this modification chlorides are not removed. Under the 
conditions laid down and with a temperature not exceeding 
8o° C. there is no loss of chlorine or chromium oxychloride. 
Furthermore, at this temperature all the glycerine is oxidized 
and practically none of the lower fatty  acids are acted on.

L e v e r  B r o s . ,  L t d . ,  Port Sunlight, England:
We are in complete accord with you as to the inconvenience 

caused through differences in results obtained by various chemists 
due in greater part to the want of standard and uniform methods 
of analysis and manipulation. We shall bring forward at an 
early meeting of the glycerin association the question of ap­
pointing an expert committee representative of buyers and sellers 
to consider the whole matter and come to an agreement as 
regards the British trade. WTien this has been done no doubt 
the agreement of a universal scheme with American and Con­
tinental makers can be arrived at more simply.

J. L E w k o w i t s c h ,  London:
Refers to the 4th edition of his Chemical Technology for his 

views. Further comment superfluous.

R i c h a r d  W h E E n  &  S o n s , L t d ., L o n d o n :

We should be glad to know of the establishment of a standard 
method; we also have had experience of different results from 
the same glycerin which makes it difficult to have confidence 
in the present variety of methods.

T y s o n  R ic h m o n d  &  J o n e s , L iv e r p o o l :

We use the acetinc method.

T. & H. S o w E r b y ,  London, F. E. Fry, Chemist:
Modified Hehner with some of Richardson & Jafle's modifica­

tions. We have come to rely on the standard value of pure 
bichromate. The duration of the heating has been thirty 
minutes and we prefer a considerable excess of bichromate to 
be present. A  preliminary blank is essential. 7.464 grams 
bichromate correspond to 1 gram glycerin.

P r i c e s  P a t e n t  C a n d l e  C o .,  L t d . ,  Battersea, J. McArthur, 
Chemist:

Take average of the bichromate and acetin methods as the 
former overestimates and the latter underestimates the amount 
of real glycerin present. Bichromate, recently fused, is taken 
as the standard. 7.486 grams equal 1 gram glycerin. The

Mohr salt solution in each time standardized against the 
bichromate.

The crude glycerin is purified by basic lead acetate only. 
A weighed portion of the filtrate, about 25 cc., is oxidized with 
a weighed portion of standard Hehner acid bichromate, using 
about 50 per cent, excess over the glycerin present and an equal 
volume concentrated sulphuric acid is added. Heat 2 hours 
in a  water bath, cool, dilute, add a weighed excess of acidified 
Mohr salt solution and titrate back with dilute bichromate 
one-tenth the strength of the standard bichromate solution.

The acetin method is carried out as recommended by Lewko- 
witscli exccpt that 5 grams instead of 3 grams dry sodium 
acetate are used. We have experienced no serious difficulty
in carrying out this method. In the case of candle crude the
bichromate and the acetin methods give results agreeing within 
0.2 to 0.5 per cent, but with less pure glycerin the difference 
may be 1 per cent.

With dynamite glycerin We take the specific gravity and 
obtain the per cent, from Gerlach’s table.

The following results were obtained:
G lycero l b y  a c e tin  m e th o d .

Specific g ra v i ty  a t  6 0 °  F . P e r  cen t.

1 .2625  9 8 .0 8
1 .2 6 4 0  9 8 .7 0

P r o c t e r  &  G a m b l e ,  Ivorydale, C. L. Van Zoul, Chemist:
We use the bichromate method with some of our own adapta­

tions.
Weigh 5-10 grams glycerine. Dilute to 500 cc. and take 

50 cc. into a 250 cc. flask. Just neutralize the alkalinity with 
1 : 4 sulphuric acid. Add powdered silver sulphate a little 
at a time until the precipitate coagulates, add water to the 
mark, shake, stand over night or filter and draw off 50 cc. into 
an Erlcnmeycr. Add 25 cc. bichromate and 15 cc. conc. sul­
phuric acid. Heat 2 hours in a steam bath. Titrate with 
iron ammonium sulphate in the usual way. Run a blank at 
the same time.

Bichromate solution— 74.88 grams with 150 cc. conc. sul­
phuric acid in 1000 cc. Iron ammonium sulphate made by 
dissolving two 12-oz. beakers of Baker’s salt in 2000 cc. water. 
Standardize by the blank. Silver sulphate is made from pure 
silver nitrate by dissolving 200 grams in water and adding 
66 cc. conc. sulphuric acid while stirring vigorously. Cool, 
decant and wash five times with ice water. Place in funnel 
and wash three times. Exhaust dry, place in large dishes in 
hot air bath, then powder fine and preserve in dark bottles. 
It should have no odor of nitric acid.

To determine organic impurities we would advise the de­
termination of total Na, 0  in the ash as well as the free NasO in 
the sample.

Na,0 fr e e :

Take 10 grams, dilute with 50 cc. water, add phenolphthalcin 
and an excess normal acid, boil down to half the volume and 
titrate back with normal caustic factors equals 0.031. This 
Na, 0  includes free and that combined with light volatile acids.

NajO total in ash:
Burn 5 grams in a large platinum dish, add a drop of am­

monium nitrate solution. A small amount of alcohol added 
assists the burning off. Weigh the residue for ash. Dissolve 
in water and titrate with methyl orange for total.

NaaO:
The difference showing the combined NajO to non-volatile 

acid and a comparison of the three Na20  percentages gives a 
fair valuation of the glycerine.

Dynamite Glycerine.— S a l t  is  d e te r m in e d  b y  d ilu t io n  a n d  

t i t r a t io n  in  t h e  u s u a l  w a y .  T h is  is  a s  a c c u r a t e  a s  is  n e c e s s a r y .

Specific Gravity.— We use the pycnometer at 15/150 C. 
though at times 20/20° C. and apply a correction. We would
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advise the adoption of a  uniform temperature for a standard at 
about 20° C.
. Use a pycnometer with a  thermometer and do not close 

until the temperature inside and that in the outside water 
bath is the same.

Sam pling .— When salt is deposited in the drums we leave 
same in the drums and weigh it in the tare so that the sample 
which is taken from each drum with a dipper represents the 
net weight of stock taken out of the drums.

If a too great excess of silver sulphate is added in removing 
salt, particularly in spent lyes, an insoluble compound of silver 
and chromic acid separates from the cooled oxidation mixture, 
causing high results. The silver salt may be filtered out, dis­
solved in hot, dilute sulphuric acid, and titrated against iron, 
when the difference will be made up.

P r o c t e r  &  G a m b l e ,  Kansas City, M. Brayton Graff, Chemist:
The acetine method does not appeal to me as a practical 

method for a laboratory where large numbers of determinations 
are to be run in the shortest possible time. The bichromate 
method lends itself more easily to a systematic rapid yet ac­
curate working. I find it easier to get concordant results. 
Duplicates within ‘/ l0 per cent, are perfectly possible. With 
regard to incomplete oxidation to carbon dioxide, I should 
advise the same dilution on all determinations, say 50 cc. solu­
tion containing 0.05 to 0.1 gram glycerine with 25 cc. bichromate 
and 15 cc. conc. sulphuric acid. Digest 2 hours in steam bath.

Lower fatty  acids reduce bichromate somewhat but the 
amount is negligible if one avoids the introduction of acetic 
acid by the use of silver sulphate instead of lead acetate.

The bichromate is taken as the standard and we measure 
it out with a pipette at a  standard temperature.

A determination of the sodium carbonate in the ash of soap 
lye crudes is a good indication of the amount of organic impuri­
ties.

Burn the crude to a coke, take up with hot water, breaking 
lumps, filter and take aliquot parts for titration for salt and 
carbonate of soda which will constitute most of the ash. Burn 
the filter and cokfc for insoluble ash.

C u d a h y  P a c k i n g  C o .,  W. H. L o w ,  Chemist:
The average results of the bichromate method to be described 

are very reliable. Our average agrees well with the averages 
of foreign chemists although there are some serious differences 
in individual cases. Good checks, however, are no indication 
that the actual determination of glycerol is correct. Poly- 
glycerols or glycol would produce results far from the truth, 
as the glycol in particular appears to be on the increase and the 
bichromate method is almost valueless for such glycerines. 
We examine most glycerines by both the bichromate and acetin 
methods, the difference between the results indicating glycol 
or polyglycerols. We have come to think more highly of the 
acetin method and believe that its results are nearer to the 
truth than the bichromate; much nearer if glycol and poly­
glycerols are present, although of course still high.

M y assistant has made eight acetin tests a day with ease.
Sam pling .— Errors here cause more differences than any 

modifications of the bichromate test. With excessive salt we 
do not attempt to include it in the sample but test a filtered 
sample for glycerine and estimate the salt. The sample is well 
stirred with a long iron wire flattened at the end and any deposit 
is loosened and well mixed.

Fifteen grams are weighed and washed into a 250 cc. flask 
and diluted to the mark. Twenty-five cc. ire  then pipetted 
into a 100 cc. flask. Rinse in freshly precipitated silver car­
bonate prepared from 0.5 gram silver sulphate in 100 cc. water 
by  adding 3.5 cc. N  sodium carbonate, settling and washing 
once by decantation with 100 cc. water. This amount applies 
to the average soap lye crude.

Agitate, stand 10 minutes and add 2.5 cc. basic lead acetate

(see W iley’s ‘ ‘Agricultural Analysis,”  Vol. III). Agitate well, 
stand 15 minutes, dilute to the mark, adding 0.2 cc. for the 
volume of the precipitate, filter through a dry filter and take 
25 cc. into a 250 cc. volumetric flask. Add '/ 2 cc. conc. sul­
phuric acid to precipitate lead. The lead sulphate is not re­
moved; about 42.5 cc. bichromate solution are pipetted into a 
weight burette and after weighing is added to the purified glyc­
erine solution. Approximately 12.5 cc. excess bichromate 
solution should be present. 15 cc. conc. sulphuric acid is now 
added with agitation and the flask, loosely covered, is placed 
for 2-2 ‘/ , hours in a boiling water bath. Dilute, cool, make 
up to the mark, shake and settle out lead sulphate if time per­
mits. Fill into a burette and titrate against Mohr’s salt solution 
(20 cc. =  0.01 gram glycerol).

Silver carbonate is safer than silver oxide, particularly with 
impure crudes. It  is very necessary to remove all chlorine. 
Using 15 cc. sulphuric acid in the oxidation mixture and 2 
hours time is very much safer than the quick digestion of Rich­
ardson and Jaffe with 25 cc. acid and 20 minutes. In the latter 
case oxidation is rarely complete as is shown by the fact that 
gas is still escaping from the solution after 20 minutes and the 
results obtained average lower. This may be offset by the 
oxidation of acetic acid. In the former case acetic acid is not 
oxidized.

Silver oxide 011 standing with crude glycerine, particularly 
if impure, gives rise to false results for the silver chloride first 
precipitated is more or less decomposed, silver being thrown 
down and chlorine going into solution.

W ien  using silver carbonate the purified filtrate should 
always show that an excess of lead has been used, otherwise 
the results will be too high. Strong bichromate solution con­
tains 74.64 grams and 150 cc. conc. sulphuric acid per liter. 
Ferrous ammonium sulphate 30 grams with 50 cc. sulphuric 
acid per liter. Compare on every series of tests with dilute 
bichromate prepared from 12.5 cc. of the above by diluting 
to 250 cc. We standardize the bichromate against iron wire.

Note by Mr. Low: We are now weighing out the solid bi­
chromate instead of having a standard solution to work with. 
We get the best C. P. bichromate, pulverize it finely and dry 
for several days in a  large vacuum dcsiccator under almost 
perfect vacuum over strong sulphuric acid. As a check we 
often standardize with our standard iron wire, but there is 
practically 110 difference shown and we only do this as a pre­
caution with a new lot of bichromate after preparation.

The Acetin Process:
1.5 grams crude, 3 grams recently fused sodium acetate 

and 7.5 cc. acetic anhydride are heated in a 60 cc. flask with 
ground glass joint and return condenser. A gentle boiling by 
an electric stove is maintained about i ‘/5 hours. Cool some­
what, pour 50 cc. of water free from carbon dioxide into top of 
condenser. Heat and agitate until solution is complete. Cool 
now completely and filter rapidly, using 4-6 inches of suction 
into a 850 cc. Jena glass Erlenmeyer. Wash up to 300-400 cc., 
add 2 cc. (1 per cent, in 50 per cent, alcohol) phenolphthalein 
and titrate 3/3 normal caustic. The end point is a marked 
change in the color but should not be a full pink. Small drops 
should be used at the end from a Muter’s oil burette. Add 
25 cc. 10 per cent, caustic from a burette, cover and digest in 
the steam bath, '/ t to ‘/ 2 hours. Run a blank on 10 cc., this 
being about the excess present with the same volume of water. 
Cool and titrate excess alkali with N  sulphuric acid.

Crystallized sodium acetate fuses in its own water, solidifies 
again and should then be carefully further heated in a platinum 
dish until completely melted, avoiding overheating. Every 
precaution must be taken to avoid loss of triacetin by volatiliza­
tion; no serious delays should occur to allow hydrolysis after 
dilution and good agitation must be kept up during titration. 
Water free from carbon dioxide should be used. It  is best
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obtained by distillation and condensation under 27-28 inches 
of vacuum.

Standard alkali is made by mixing C. P. caustic with its own 
weight of water and after standing cold filtered through as­
bestos. The filtrate is diluted with pure water.

Standard sulphuric acid is made up by Marshall’s specific 
gravity process.1

A sh and Non-volatile Organic Matter at 160° C.:

Take i6 2/a cc. of the original solution of the 15 grams crude 
in 250 cc. ( =  1 gram of the crude) in a 45 cc. platinum milk 
dish and heat gradually in oven until 160° C. Maintain at this 
temperature as nearly as possible. This is important. The 
dish *should be level. When dry, cool, add a little water to 
just’ dissolve the residue dry in steam bath and return to oven 
where it is maintained until practically constant weight is 
found.

Obtain the ash by igniting gently until white or gray. The 
difference gives the non-volatile matter to which too little 
attention has been paid in this country.

Du P o n t  d e  N e m o u r s  P o w d e r  Co., Eastern Laboratory,
A. M. Comey, D ir . :

Both the bichromate and acetin methods are used.

Bichromate Method:

A portion of the well mixed sample is transferred to the 
weighing bottle by a short length of */4 inch glass tubing filled 
with glycerin by suction and wiped free from glycerine on the 
outside while withdrawing 1.5 to 2.0 grams are required. Rinse 
into a 500 cc. volumetric flask with 40-50 cc. water. Add a 
slight excess moist silver oxide and then a slight excess basic 
lead acetate. Shake and dilute to 500 cc. Filter through 
a dry filter and take 100 cc. of the filtrate in a 500 cc. flask. 
Add a weighed amount of dry bichromate, which has been 

‘  gently fused, ground and dried at n o 0 C., in amount equal 
to ten times the weight of the glycerine, as this excess is neces­
sary to insure complete oxidation. Add 75 cc. dilute sul­
phuric acid 1 : 2 ;  acidification directly with strong acid some­
times decomposes a little glycerine.

Heat exactly 2 hours in a steam bath. This is sufficient 
for refined glycerine, and any further reduction which may 
occur in some instances must be due to impurities. Cool rap­
idly, dilute to about 300 cc. and titrate the excess of bichromate 
by iron ammonium sulphate added in the dry condition from a 
weighed amount in a weighing bottle. The salt should have 
been ground through a No. 30 mesh and well mixed. The 
addition of the salt is continued until the first appearance of 
the blue color on a spot test with fresh ferricyanide solution 
0.01 to 0.03 per cent, strength.

The value of the iron salt is determined in terms of bichromate 
by titrating 3.5 grams bichromate in 75 cc. dilute sulphuric 
acid 1 : 2 and dilution to 300 cc. with the iron salt as above, 
running the test under the same conditions as to volume and 
depth of green color due to chromium sulphate.

A saturated solution of the tri-basic acetate is used. 5 cc. 
of this to 1.7.5 grains of crude glycerine are never exceeded.

The bichromate is taken as the standard. 1.0 gram *» 
0.13397 gram glycerine.

Acetin Method:

Essentially that outlined by Heliner in 1889. 1.5 grams of 
the crude are dropped into 3 Vj-4 grams dry sodium acetate in a 
100 cc. dry Jena flask from a Lunge pipette, the weight being 
found by the loss in weight of the pipette. 7 or 8 cc. acetic 
anhydride are now added and the mixture gently boiled with 
return condenser i '/ 2 hours. Cool and add 50 cc. hot water 
through the condenser tube. Heat carefully with cautious 
but thorough shaking until solution is effected. This some­
times requires as much as five minutes and is continued until 

'  J .  Soc. Chem . In d ..  1899 , p. 4 ; 1902, p . 1508.

a slight froth or a few bubbles persist on the surface for two 
to three seconds. Cool somewhat, add a few cc. more water 
through the tube, remove the flask and filter into a  750 cc. 
Erlenmeyer, wash well, cool well, and neutralize carefully the 
free acid with 2.5 per cent, caustic and phenolplithalein. (Con­
tinue as described under Low’s method— Chairman.) Make 
a blank run on 25 cc. of the strong caustic. N /2  I i2SO, is used 
throughout.

If when fusing the sodium acetate, the salt is in any way 
charred, the end point is interfered with. It  is not as sharp 
and in addition a solution of the charred salt shows a yellowish 
color which deepens that due to the impurities of the glycerin.

The heating under the return condenser should be only 
sufficient to cause a gentle boiling; a higher rate sometimes 
results in a decided darkening of the mixture.

A  blank is always made with each new bottle of acetic anhy­
dride, following exactly the same scheme as is used when making 
a  glycerine determination. , With all samples yet met with, a 
correction must be applied for a small amount of an ester-like 
substance which is present and is saponified with the acetin by 
the caustic soda. In some cases the error amounted to 0.7 
per cent, glycerine.

The percentage of carbonate contained in the caustic used 
is not of any great importance provided it is reasonably low 
and provided none is lost between neutralization and final 
titration. Absorption of carbon dioxide after adding the 
strong caustic should be avoided. All water added after neu­
tralization of the free acetic acid or to the strong alkali blank 
should be free of carbon dioxide.

In regard to the danger of hydrolysis after dilution referred 
to by Hehner, results obtained when neutralization was not 
effected until thirty-five or forty minutes after solution of the 
acetin agreed with the bichromate on the same glycerine.

S w i f t  & Co., Chicago, W. D. Richardson, Chemist:
My opinion and that of some six or eight chemists who have 

been in my employ is that the bichromate is the only satis­
factory method to use and that the acetin method is thoroughly 
unsatisfactory and unreliable.

In recent times we have taken the potassium bichromate 
as a standard although we sometimes standardize against iron 
wire.

Solutions.— Potassium bichromate 74.86 grams and 150 cc. 
conc. sulphuric acid per liter. Standardize against iron wire 
or Mohr’s salt. It expands 0.05 per cent, for every 1 ° C.

Ammonium Ferrous Sulphate.— 59.725 grams with 25 cc. 
conc. sulphuric acid in water and make up to 500 cc. Make 
it up fresh daily.

Subacetate 0) Lead.— To 170 grams lead acetate in a weighed 
10-inch dish add 800 cc. boiling water. Add 100 grams finely 
powdered lead oxide and boil ‘/ s hour, keeping up the volume. 
Cool and add enough water to make the product weigh 1000 
grams. Filter in well-covered funnel and keep well stoppered,
1 cc. =  0.13 gram sodium chloride.

Weigh 5 grams of the glycerine into a 500 cc. flask, dilute 
slightly and add 10 cc. lead acetate solution. Shake, let stand 
‘/ j hour and make up to 500 cc. Settle or filter through a dry 
filter and measure 50 cc. into a 300 cc. Erlenmeyer. Add 50 cc 
of the bichromate solution from a pipette • and 25 cc. conc. 
sulphuric acid and digest the covered flask 5 hours in the steam 
bath. Run a blank under the same conditions with 50 cc. 
bichromate solution.

Remove from bath and pour into a 10-inch porcelain dish 
containing 1000 cc. water and 25 cc. conc. sulphuric acid. T i­
trate with the Mohr’s salt solution until two drops of the oxida­
tion mixture produce a blue color with dilute ferricyanide on a 
spot plate.

N. K. F a i r b a n k  Co., St. Louis, C. B. Cluff, Chemist:
In my own work I use the Hehner method, omitting the use
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of the weak bichromate which adds nothing to the accuracy 
of the work.

On C. P. glycerine this method showed 98.10 per cent, as 
against 98.15 per cent, from the specific gravity and Gerlach’s 
table. I have always standardized m y solution against iron 
wire but I also find that the bichromate itself is an equally 
good standard. I use a  stock solution, taking the temperature 
at the time of each test applying the proper correction for this 
factor. Basic lead acetate alone is enough. We use no silver 
oxide.

I think the important point to work on is the determination 
of the concentration temperature and time of heating necessary 
to get accurate results, also whether silver oxide is necessary 
or advantageous.

A specific gravity table should be adopted as a standard 
and think Gerlach’s would be satisfactory to practically all 
chemists.

With regard to the acetin method m y experience shows 
that it gives results about } i  to 2 per cent, lower than the 
Hehner method on soap lye crude, and it is too tedious and 
inconvenient for ordinary laboratory use. On very low-grade 
samples this method may give better results but in such eases 
the end point is so indistinct as to greatly interfere with the 
accuracy of the work.

I have made some experiments as to the effect of varying 
concentration during the oxidation, and find that considerably 
higher results are obtained by concentrating the solution to 
about 25 cc. before the adding bichromate. There is often 
a difference of 1 per cent, between the tests made in a volume 
of 100 cc. and 25 cc. However, 1 do not consider the higher 
results thus obtained as more accurate, as it is generally under­
stood that this process as ordinarily carried out gives results 
higher than the truth in any case.

J. E a v e n s o n  &  S o n s ,  Camden, N. J., G. D. Hulley, Chemist:
1.5 grams crude glycerin are weighed in a small weighing 

bottle. Wash into a 4 oz. Erlenmeyer flask with 25-30 cc. water, 
neutralize to litmus with sulphuric acid and add an excess of 
moist silver oxide. Stand forty to sixty minutes, filter, make 
up to 200 cc. and take 50 cc. portions in duplicate in No. 2 
beakers. Add 50 cc. conc. bichromate solution from a pipette 
and then 20 cc. conc. sulphuric acid. Heat on a steam plate 
fifty to sixty  minutes and determine the excess bichromate 
with ferrous sulphate solution standardized by tenth-normal 
bichromate tested against iron.

Iron o. 11742 — glycerine.

B .  T. B a b b i t t ,  G. A. Horne, Chemist:
Bichromate Method:
Weigh about 0.8 of a  gram in small beaker and transfer to 

%  liter flask with water. Add 0.3 of a gram of silver sulphate 
to ppt. chlorides, giving a swirling motion to the flask, in order 
to effect precipitation of silver chloride without causing any 
froth on the liquid. Then add 3 or 4 cc. basic lead acetate 
solution, and fill flask to the mark. Agitate thoroughly. Filter 
after allowing ppt. to subside, discarding filtrate until it runs 
through perfectly clear. Accurately measure 50 cc. of filtrate 
w ith a  standardized pipette into an eight-ounce Erlenmeyer 
flask; add 25 cc. of concentrated sulphuric acid. Measure 
from a burette 50 cc. of a standard solution of potassium bi­
chromate, 1 cc. of which equals 0.002 of a gram of glycerine, 
into the flask containing sample, and heat for one hour in a 
steam bath. Titrate excess of bichromate with a solution of 
ammonium ferrous sulphate, approximately equal in strength 
to the standard potassium bichromate, using a very weak solution 
of potassium ferricyanide as indicator.

This standard solution of potassium bichromate is readily 
sensitive to one drop. It is particularly necessary to add the 
sulphuric acid before the bichromate, as it has been found that

a small amount of lead chromate is thrown down when the 
bichromate is added first.

Acetin Method:

Weigh one gram of crude into a 75-100 cc. narrow-neck flask 
having a  ground joint to connect with reflux condenser. Add 
3 grams of anhydrous sodium acetate and 6 cc. acetic anhy­
dride. Connect with condenser and boil i ‘/ a hours. After 
cooling, pour warm water through condenser, disconnect flask, 
and pour contents into a 250 cc. flask, filling to the mark. Pour 
at once through a dry filter, and carefully pipette 50 cc. of 
filtrate into a 12-oz. flask. Neutralize acetic acid with half­
normal caustic soda. Run into the flask 30 cc. of half-normal 
caustic soda (from a burette), five drops of phenolphthalein 
solution and boil 20 minutes. Titrate excess of alkali with 
half-normal hydrochloric acid, calculate glycerine from amount 
of caustic soda required to saponify the tri-acetin. A  blank 
test should be made on each new bottle of acetic anhydride. 
It  is absolutely essential to have caustic soda solution perfectly 
free from carbonate. Water used in process should first be 
boiled.

Notes, by Mr. Horne:
"H avin g given the acetin method as described by Hehner 

a thorough trial, and also modification as described above, 
I am convinced that the latter is much easier to manipulate, 
and gives a finer end point, particularly in the case of very dark 
crudes or foots. In working with 0.2 gram sample on the 
titration instead of i ‘/2 grams, no difficulty whatever is ex­
perienced, due to coloring matter, even in very impure crudes.

"The filtering of the diluted acetin is very rapid, and the 
neutralization of free acetic acid, which only requires from 
25-30 cc. of half-normal caustic soda, seems to me a marked 
improvement over the tedious process of the original method, 
where frequently 125-150 cc. are required. It would seem to 
be more scientific as well as convenient to saponify the acetin 
with the half-normal alkali instead of the strong 10 per cent, 
solution, and no blank is required regularly, as the half-normal 
caustic soda docs not change.

“ Have made some experiments which show that the acetin 
diluted with cold water practically suffers no change by hy­
drolysis, even after several hours.”

M a r x  &  R a w o l l e ,  A. C. Langmuir, Chemist:
Our method is that described in The Journal oj the Society 

of Chemical Industry, 1898, p. 330, by Richardson and Jaffe, 
except that a  few modifications have been made in the interest 
of greater accuracy.

Weigh 25 grams of the thoroughly mixed sample and transfer 
to a 250 cc. flask. Dilute to the mark with distilled water. 
Mix well and take 25 cc. with a pipette against which the flask 
has been standardized. Add 1 to 3 cc. of basic lead acetate1 
for a  saponification and 7 cc. for a soap lye crude. Filter 
through a 12.5 cm. paper for a saponification or a 15 cm. for a 
soap lye, into a  250 cc. flask. Wash with cold water, stirring 
up the precipitate thoroughly. To the filtrate, about 225 cc., 
add 5 cc. of sulphuric acid (1 : 3) and 12 cc. of saturated silver 
acetate solution. The latter serves to remove the small amount 
of chlorine present as lead chloride. Dilute to 250 cc., mix well 
and filter through a dry 15 cm. paper. Take 20 cc. of the 
filtrate for analysis. The pipette should have a narrow orifice 
and should check against the 250 cc. flask last used.

To avoid the error involved in measuring out 25 cc. of strong 
bichromate solution, we prefer to weigh the bichromate for 
each test. It is pulverized and dried at 110° C. and is taken 
as pure instead of standardizing against iron. Hehner’s solu­
tion contains 74.86 grams potassium bichromate and 150 cc. 
of conc. sulphuric acid to the liter. We, therefore, weigh V 40 
of 74.86 or 1.8715 grams of bichromate and dissolve it in 25 cc.

I B r i i .  P harm .
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of dilute, warm sulphuric acid (150 cc. to a liter). It  is con­
venient to have a weight made of exactly 1.8715 grams and 
weigh the separate charges of bichromate on a tared watch 
glass, adjusting the weight to within a milligram, which with 
practice can be very quickly done. In the long run time can 
be saved by this method as no attention need be paid to tem­
perature or to standardizing the bichromate solution.

After cooling, 20 cc. of the purified glycerine solution as 
above are run in. The beaker is covered and 25 cc. concen­
trated sulphuric acid is run in slowly. Complete the reaction 
by heating for 20 minutes in a boiling water bath. Dilute, 
cool by placing the beaker in running water and finally dilute 
to 250 cc. Mix, pour the solution into a  burette and titrate 
against 25 cc. standard Mohr’s salt solution, freshly made, using 
potassium ferricyanide as an indicator. The titration should 
follow closely after the oxidation, as dust will gradually reduce 
the bichromate, giving high results. All apparatus must be 
scrupulously clean and free from grease or dust.

Taking the molecular weight of glycerine at 92.08 and bi­
chromate at 294.5 we have 1 gram of glycerine equals 7.4627 
grams bichromate. This quantity of bichromate is equivalent 
to 59.6611 of Mohr’s salt, taking the molecular weight of the 
latter at 392.4. We have taken the bichromate equivalent 
at 7.486 in order to agree with ITehner. Mohr’s salt is rarely 
pure, and we therefore standardize it against bichromate as 
follows:

Dissolve 5.9661 grams of Mohr’s salt in 40 cc. of 15 per cent, 
sulphuric acid. Add 0.7360 gram bichromate dissolved in 
20 cc. water. Titrate the mixture with a solution of 100 milli­
grams bichromate dissolved in 100 cc. water, using ferricyanide 
as indicator.

To get the end point make two titrations and add to the 
first at the end 2-3 cc. excess of bichromate solution. Use 
drop tests obtained from this solution to compare with spot 
tests obtained in the second titration. Our Mohr’s salt required 
5.9 cc. Therefore 5.9661 grams called for 0.7360 +  0.0059 
or 0.7419 gram bichromate— 0.7419 : 0.7486 : : 0.5966 : x  == 
0.6020 gram.

For the regular analysis, therefore, we weigh 6.02 grams 
Mohr’s salt and dissolve it in 250 cc. of water containing a little 
sulphuric acid. Take 25 cc. portions for the titration.

A blank should be occasionally run on the water and reagents. 
To 7 cc. of the basic lead acetate add 5 cc. of the dilute sulphuric 
acid and 12 cc. of the silver acetate solution, dilute to 250 cc. 
and filter. Run 20 cc. of the filtrate into a  solution of 0.6730 
gram of bichromate in 21 cc. water and 4 cc. sulphuric acid. 
Add 25 cc. conc. sulphuric acid and heat 20 minutes in the 
boiling water bath. Dilute, cool, dilute to 250 cc. and titrate 
against 25 cc. Mohr’s salt solution as above. Not more than 
the equivalent, 27.8 cc., should be required. Repeated tests 
have shown that the acetic acid introduced by the 7 cc. of lead 
acetate causes no measurable reduction of the bichromate.

The basic lead acetate1 is made as follows: boil a mixture 
of 142 grams of lead acetate, 99 grams of litharge and 568 cc. 
water a half-hour and then make up to 591 cc. Filter.

When the above weights and proportions of crude glycerine 
are taken, the percentage is given by the following formula: 

Per cent, glycerine — 125 —  1250/cc.

S t i l l w e l l  a n d  G l a d d i n g :

Weigh out as quickly as possible exactly 5 grams of the 
substance on a balanced watch glass. Wash it into a  250 cc. 
flask with warm water, using about 50 cc. Add a half gram 
of silver acetate which has previously been triturated with a 
little water in a mortar. Shake frequently during 15 minutes.

* B r it .  P harm .

Add water until flask contains 200 cc. Then add subacetate 
of lead in slight excess. Fill up to mark with water, insert 
glass stopper and mix thoroughly. Filter through a dry filter 
paper, take 10 cc. (0.20 gram) of the solution and wash it into 
a beaker holding about 300 cc. and using about 100 cc. water. 
Add about 15 cc. concentrated sulphuric acid and 20 cc. of 
potassium bichromate solution. Add water until the beaker 
contains from 175 to 200 cc. Cover with a watch glass and 
place in boiling water for two hours, stirring with a glass rod 
from time to time. Remove from bath and allow to cool. 
Add about 50 cc. water to replace that which has evaporated. 
Titrate with ferrous sulphate spotting on porcelain plate with 
potassium ferricyanide until the blue color just appears.

Potassium Bichromate Solution:
74.5600 grams 100 per cent, potassium bichromate and 150 cc. 

conc. sulphurous acid are dissolved in water and made up to 
1000 cc. 1 cc. of this solution is equivalent to 0.01 gram glyc­
erine.

Ferrous Sulphate Solution:
240 grams of C. P. ferrous sulphate and 50 cc. conc. sulphuric 

acid are dissolved in water and made up to 1000 cc.

Standardization:
Standardize the ferrous sulphate against the bichromate 

solution whenever the test is made.

R o b e r t  E. D i v i n e ,  Detroit:
Weigh 2 to 3 1/ , grams, rinse into a widc-moutlied flask with 

100-125 cc. hot water, heat nearly to boiling and add an excess 
of a 2 per cent, solution of Merck’s tri-basic lead acetate, 10 
cc. being usually sufficient, heat about ten minutes, filter and 
wash well with hot water. Wash lead precipitate back into 
the flask and heat nearly to boiling, add N / i  caustic soda, 
about 1 cc. for each cc. lead acetate used, heat until ppt. is 
dissolved.

Now add N / i  sulfuric acid in amount equivalent to the 
caustic soda. The reprecipitated lead salts now free from 
glycerine are filtered and washed with hot water. The filtrates 
are combined, acidified with dilute sulfuric acid and evaporated 
until they can be transferred to the proper flask (200 cc. for 2 
to 21/ 2 grams crude and 250 cc. for 21/ J to 3!/2 grams), excess 
of silver sulphate is added and solution mixed, made up to 
volume, filtered through dry filter and 25 cc. run into a solution 
of 3.7308 grams bichromate crystals in 50 cc. water, 30 cc. conc. 
sulphuric acid added and heated 2 hrs. in boiling water bath.

The bichromate is weighed out for each test.

DIVISION OF INDUSTRIAL CHEMISTS AND CHEMICAL 
ENGINEERS.

Those desiring information concerning the prices at which 
rare elements and special compounds can be furnished provided 
a considerable market is assured, and the extent of the available 
supply, are requested to indicate their needs to the Chairman 
of this Committee as soon as possible. All are invited to make 
suggestions regarding the scope of the work which has been 
undertaken.

Prompt responses to this request will greatly facilitate the 
work of the committee and render needless repetition in cor­
respondence unnecessary.

G K U .K R ï A l l ë m a n ,  Chairman, 
Swarthmore, Penna.

Committee to confer with manufacturers regarding the supply 
of, and prices for, rare elements and special compounds.
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T h e  fo llow ing p a te n ts  r e la tin g  to  I n d u s tr ia l  a n d  E n g in ee rin g  C hem is­
t r y  a rc  r e p o r te d  b y  C. L . F a rk c r , S o lic ito r o f C hem ical P a te n ts ,  M cGill 
B u ild in g  Q0S G  S t . ,  N . W .. W a sh in g to n , D . C.

O n ly  a  few  p a te n ts  w h ich  a re  d ee m ed  o f g re a te s t  im p o r ta n c e  a re  a b ­
s tr a c te d  in  th is  d e p a rtm e n t .

A b s t ra c ts  o f ail p a te n ts  a p p e a r  re g u la r ly  in Chem ical A bstracts, to  
w hich  p u b lic a tio n  th e  re a d e r  is  re fe rre d .

947)957 ' Process of Recovering Fine Gold. J a m e s  H. A l l i n g ,  

San Francisco, California. February I, 1910.

The object of this invention is to provide a process for the 
recovery of very tine particles of gold, silver, and platinum.

In practicing the process there is employed a sluice box of 
the kind shown in the accompanying illustration.

This sluice box is sloped at a greater angle than are the sluice 
boxes used for the recovery of gold in the ordinary processes.
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The material, having been first finely pulverized, is fed by 
a  chute into the top of the sluice box. A t the same time there 
is fed a sufficient quantity of water, about 4 tons to 1 ton of 
material, and through a pipe is fed a small proportion, about 
1 to 1000, 2000, or more parts, of a mixture consisting of aqueous 
solutions of potassic cyanid and mercuri clilorid.

The patentee claims that by his process he has been able 
to save over 95 per centum of the values of material containing 
finely divided gold, which cannot be saved by ordinary processes.

948,372. Process for Producing Oxids of Nitrogen from the
Air. F r a n c i s  I. Du P o n t ,  Wilmington, Delaware. February
8, 1910

This process consists in subjecting air contiguous to a cooling 
medium to the action of a  moving arc whereby the high tempera­
ture of the air produced by the arc is immediately and rapidly 
reduced, thus producing, the patentee states, the best possible

A N D  E N G I N E E R I N G  C H E M I S T R Y .  May, 1910

In the bottom of the sluice box is a continuous amalgamating 
plate formed at suitable intervals into pockets or troughs. 
Each pocket is formed with a rear wall having a considerable 
slope, nearly 45 degrees, to the vertical, a front wall sloping 
slightly backward from the vertical, and a bottom substantially 
horizontal. In each pocket is placed a sufficient quantity of 
mercury. The sides of the sluice box are formed with oblique 
grooves inclined rearwardly upward, and across the sluice box 
extend anode amalgamating plates with their edges in the grooves. 
The lower edges of .the plates extend to within a short distance, 
say i  of an inch, from the upper surface of the mercury in the 
troughs or pockets. The height of each plate can be adjusted 
by means of adjusting screwed through lips extending from 
the plates over the sides of the sluice box, the screws resting 
on the tops of said slides.

Extending along one side of the sluice box is an electric con­
ductor connected to the positive pole of an electric current 
generator. This conductor is connected by conductors with 
the several plates, which thus serve as anodes for currents of 
electricity.

In  addition to the anode plates there are provided swinging, 
carbon anodes suspended from bars extending across between 
the tops of the side of the sluice box, substantially midway 
between the anode plates.

The cathode plate is connected by a  wire to the source of 
the electric current.
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conditions for tlie production of oxids of nitrogen from the air.
In order to produce a continuous and not disconnected arc, 

the air container is of silica or other highly refractory material 
which is not a conductor of electricity. The air is passed 
through a tube formed of silica in which are electrodes between 
which an arc is formed. Surrounding this silica tube is a glass 
tube through which a cooling medium, such, for instance, as 
a cooling liquid, is passed, thus forming a water jacket, as it 
were, for the silica tube. Surrounding this cooling tube, in 
proximity to the arc, is a rotary magnetic field, which rotates 
the arc around the inner surfacc of the silica tube. The air 
passing in contact with the inner surface of the silica tube is, 
by the rotating of the arc, highly heated, and as soon as the arc 
passes from any portion of the air, such air is immediately 
subjected to cooling action and its temperature rapidly reduced.

The accompanying illustration shows the apparatus in which 
the process is carried out.

In operation air is forced in through the passage into the 
zone between electrodes. When the arc is produced and the 
rotary magnetic field is in action, the arc is caused to rotate 
around the inner' periphery of tube a coining in contact and 
acting upon successive portions of the air in contact with said 
tube. The arc at once highly heats such air. As soon as the 
arc passes from any portion of the air, such air being in contact 
with the wall of tube a, which is subjected at all times to the 
action of the cooling medium in tube h, has the high tempera­
ture produced by the arc immediately and rapidly reduced. 
B y  this operation the action of highly heating and cooling any 
given portion of the air is practically simultaneous, thus more 
perfectly and with greater certainty forming the oxids of ni­
trogen from the air. The air is forced in at a pressure from 
atmospheric to one hundred pounds. The oxids of nitrogen 
thus produced are the lower oxids and with the air unacted on 
pass along the tube in the space between the electrode and the 
wall of the tube escaping by the passage d from which they 
may be led into water where they are converted into nitric acid, 
in the ordinary manner.

9 4 9 , 4 7 4 . Process of Refining Iron. F r e d e r i c k  W . H a w k i n s

a n d  G e o r g e  F. K e y ,  Detroit, Michigan. February 1 5 , 1 9 1 0 .

It is the object of this invention to provide a process which 
is suitable for the refining of iron which, in its crude state, has 
a high percentage of impurities requiring for their elimination 
different treatment. For example, iron which contains both 
silicon and phosphorus, or silicon, sulphur and phosphorus 
cannot be directly treated in an open-hearth basic-lined furnace, 
for the reason that the linings would 
be destroyed by the reactions of the 
silicon. On the other hand, such metal 
cannot be refined by the Bessemer 
process, as this does not extract the 
phosphorus, and sulphur.

With this process the iron is first 
treated in a receptacle or furnace to 
eliminate the impurities which will 
yield to oxidation and subsequently, 
but in direct continuation of this first 
treatment, the metal is subjected to a 
second treatment, with a basic mate­
rial, in another furnace or chamber, 
which removes the phosphorus and 
sulphur. In the latter step and pref­
erably in both steps of the process 
all portions of the metal are sub­
jected to uniform t r e a t m e n t  by 
atomizing or breaking up the molten 
mass into minute particles, this being 
preferably accomplished by a  blast of

dry steam, or of dry steam and air, the latter being preferably 
pre-heated.

With the apparatus shown the refining process is carried out 
as follows: A suitable quantity of the crude molten metal is 
first poured into the well (V while the furnace A  is arranged in 
its horizontal position. At the same time air and steam, either 
in conjunction or separately, as conditions may require, are 
forced through the tuyeres E  and F  so that metal dropping from 
the well may be blown into fine particles and scattered through­
out the length of the furnace .-1. During the passage of the small 
particles of metal through the atmosphere within the furnace, 
a large percentage of the silicon, manganese and carbon will 
be removed by oxidation. The metal w.ll then collect in the 
bottom of the furnace where it remains until the entire charge 
has passed therein. The furnace .4 is then revolved on the turn­
table C  and tilted upon the trunnions B  so as to lower its open 
end over the well K  on the furnacc //. This will permit the 
molten metal within the furnace A  to be discharged into the 
well K  from which it is fed through the restricted passage into 
the path of the air and steam admitted through the tuyeres 
I  and J . This will a second time atomize the molten metal with 
the result that the remainder of the silicon, manganese and 
carbon will be oxidized.

The bottom of the furnace I i  is covered with a layer of com­
minuted basic material which is heated to a high temperature 
by burning gases entering the furnace chamber from end ports L . 
This comminuted basic material forms a filter bed through which 
the minute particles of molten metal are obliged to percolate 
and in so doing the metal is brought into intimate contact with 
the basic material which extracts the phosphorus and sulphur. 
Thus the metal which finally passes through the filter bed and 
collects in the bottom of the furnace H  is purified both from 
silicon, manganese and carbon, and also from the phosphorus 
and sulphur.

950,115. Process of Removing Tin from Scrap. C h a r l e s  J.
R e e d ,  Philadelphia, Pennsylvania. February 2 2 , 1 9 1 0 .

This process is intended for the separation of mixed metals, 
particularly of tin from tinned metals, as for example iron. 
The process comprises three steps, namely: first, removing the 
tin in pulverulent or subdivided form from the iron or other 
coated metal by agitating a charge containing the tinned metal 
and a subdivided foreign body; second, removing the pulverized 
tin from the foreign body and from the detinned iron by means 
of a current of air, steam or gas; third, removing the foreign 
body from the detinned iron.
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In carrying out the first step in the process advantage is taken 
of the fact that metallic tin is rendered weak, friable and easily 
pulverized by heating the charge, preferably to about the melting

point” of tin. The subdivided foreign body used to pulverize 
or wipe off the fused or softened tin may be any substance which 
is infusible and non-volatile under the conditions of use.

The amount of the foreign body added to the charge is also 
variable within wide limits, one to ten and one to one-tenth 
having been used.

The second step of the process consists in removing the 
pulverized tin from the foreign body and detinned iron by means 
of a current of air, steatn or gas. This operation may be carried 
on simultaneously with the pulverizing operation or as a sub­
sequent operation. This is preferably done simultaneously 
by  causing a current of air to pass through the apparatus in 
which the pulverizing takes place. This current of air is then 
projected into a separating or settling chamber in which the 
particles of tin settle by gravity on the floor, or the air is passed 
through a  series of bags or screens of textile or other suitable 
material in which the tin is collccted in the form of a powder 
of metallic tin or oxid of tin. The air or other gas may be heated 
to the proper temperature, if desired.

The third step in the process consists in screening the residual 
mass on a screen capable of allowing the subdivided foreign 
body to pass through, while rejecting the detinned iron or the 
principal part of it. The foreign body may then be used over 
again indefinitely.

A  convenient form of apparatus for carrying out the process 
is  shown in the accompanying drawings, in which 1 represents 
a  hollow cylinder of iron or steel mounted to revolve on rollers 
2, carried by a shaft 18, supported in bearings 19, 20 and driven 
b y  a pulley 21. The drum is mounted over a suitable source 
of heat, diagrammatically shown as a series of gas burners, 
and has two openings 4 and 5 at the apexes of terminal cones 
6 and 7. The opening 4 may be used for charging in the tinned 
iron and foreign body and also for discharging the detinned prod- 
net.

8 represents an exhaust fan driven by a pulley 22 and adapted 
to cause a suction current of air through the drum and fan 
in' the direction indicated by the arrows.

950,116. Process of Treating Ores and Metals, J a m e s  H e n r y

R e i d ,  Newark, Newr Jersey. February 22, 1910.

According to this process, the ore is first melted and reduced, 
preferably through the medium of the electric arc, the carbon 
of which effects a reduction. A gaseous reagent is then passed 
about the molten stream of the resultant metal to treat, the 
same, the character of the treatment depending on the nature 
of the reagent.

In the accompanying illustration, an embodiment of the 
apparatus for carrying out the process is shown.

The bottom portion of the furnace in which the stream of 
molten metal from the arc discharges has preferably a lining 
d  of refractory material, and is provided with a suitable dis­

charge aperture 10. The ore is introduced into the furnace 
through a hopper, e, at the top thereof, and an exhaust pipe, f, 
is provided leading from the upper part of the furnace, to suit­
able exhausting, and if desired, condensing means.

To permit the carrying out of this process, a  plurality of 
apertures 11 are provided in the walls of the furnace below 
the electrodes, through which the gas may be admitted. The 
passage of gas through these openings is regulated by an annular 
plate, 12, having corresponding apertures, 13, which plate is 
rotatably supported from an annular flange, 14, on the side of 
the furnace. In order to provide for the admission of different 
gases to the furnace, an annular conduit is connected to a suit­
able supply pipe, 16.

In carrying out the process the ore. is introduced into the 
hopper 10 and falls in a  continuous stream into the hopper 
formed by the electric arc and reduced by the carbon of the 
electrodes, the molten metal and slag dropping through to the 
bottom of the furnace.

The air or gas to be used in treating the metal is introduced 
through the apertures 10 and passes around the stream of 
metal and slag, the movement of the gas being effected by 
exhausting the upper part of the furnace through the pipe f. 
This suction, as well as moving the treating gas about the stream 
of ore, exhausts the upper part of the pool of partly reduced ore 
on the electrodes. The effect of passing the gas will vary with

the character of the ore and of the gas. For instance, an ore 
might first be reduced by the carbon of the electrode and then 
air might be drawn around the stream of metal to burn out the 
impurities. Otherwise, a reducing gas, such as carbon monoxid, 
might be passed around the stream of metal to complete the 
reduction started in the arc. It  will be observed that this suc­
tion, in addition to the stream of gas, also will operate to suck 
any carbon monoxid or dioxid gas in the metal out of the same.

95° ,595- Process of Reducing Metallic Oxide Ores. H e r b e r t
E. T. H a u l t a i m ,  of Toronto, Ontario, Canada, March 1, 19x0.

This process relates to the reduction of metallic oxide ores 
and especially iron ores for the purpose of obtaining steel directly 
therefrom.
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The general purpose of the invention is to provide a process 
of reducing such ores by which they may be successfully treated 
in a finely divided condition and which is especially adapted 
for use with an electric furnace.

In carrying out this process there is utilized an electric furnace 
having a receptacle of suitable capacity at the bottom to form a 
bath of molten material.

The ore if not already in the condition of magnetic iron sands 
is crushed or ground in a finely divided condition. The ore is 
then treated in a concentrator to separate as far as possible its 
earthy components. The ore is then so fed into the furnace 
preferably mixed with a suitable powdered flux as to produce 
a shower of discrete particles, in which condition the ore is most 
readily permeable by the reducing agents and is most readily 
heated. The furnace is so arranged that the ore meets with no

&

obstructions from the time it enters the furnace until it reaches 
the surface of the bath at the bottom. This bath is suitably 
heated, preferably by electric energy. Into the shower of 
finely divided ore, preferably intermediate its point of entry 
into the furnace and the surface of the bath, there is introduced 
a shower of carbon, also in a finely divided condition. Carbon 
monoxide is immediately produced by the combination of the 
carbon with the oxygen of the ore, which carbon monoxide 
promptly takes up more oxygen from the ore and becomes 
carbon dioxide, which in turn takes up carbon and is reduced 
to carbon monoxide again. This process takes place all through 
the shower. It has been determined by experimentalists that 
carbon monoxide alone tends only to partially deoxidize the 
ore and that the best results are obtained by having solid carbon 
present with the ore to complete the deoxidation. B y  this 
process it will be seen that the carbon being actually present' 
in the shower in a solid condition is ready to hand for com­
bination with the finely divided particles of ore which have been 
pratically deoxygenized by the reducing atmosphere supplied by 
the carbon monoxide. There is necessarily a  surplus of carbon 
employed and a consequent surplus of carbon monoxide pro­
duced, which must not be allowed to escape and its heating 
value lost. At the same time air cannot be introduced into the 
ore shower after its mixture with carbon to effect this com­
bustion as the formation in the ore shower of carbon dioxide 
instead of monoxide would result. The patentee therefore 
shapes the lower portion of the furnace so that it extends laterally 
on each side of the shower and into this portion of the furnace he 
introduces air which combines with more or less of the surplus 
carbon monoxide, producing an intense heating effect which is 
reverberated against the shower and the surface of the bath of 
molten material by the walls of the chamber which are suitably 
shaped to produce the reverberating effect. It will be seen that 
this air does not contact in any manner with the shower of ore

and carbon and it is therefore usefully employed without pro­
ducing any deleterious effects.

The reactions which take place are staled to be as follows: 
The shower ore is first calcined and heated as described and 
after it has passed the calcining portion of the furnace, enters a 
reducing atmosphere due to the introduction of the shower 
carbon. B y  the joint action of the carbon monoxide and the 
solid carbon the ore is deoxidized and falls into the bath of 
molten material in the condition of pasty metallic particles 
mingled with slag. In the bath at, or adjaccnt to, its surface, 
the metal is melted and the slag separates collecting on the 
surface of the bath. This bath has a sufficient capacity to 
contain a considerable proportion of the daily output of the 
furnace, and the molten metal is withdrawn from the bath 
gradually and preferably continuously to a point remote from 
the place in which the smelting occurs, preferably at the bottom 
of the bath. This withdrawal is best effected by carrying a 
suitable conduit from the bottom of the receptacle up to the 
level of the bath exterior to the furnace. Through this conduit 
the metal gradually flows off to suitable receptacles. This 
retaining of the molten metal and its gradual withdrawal 
equalized any inequalities in the output, which is very im­
portant since the proportion of carbon and impurities to the 
pure metal m ay be subject to variations, owing to its being con­
tinuously produced in small quantities.

The process is carried out in a furnace such as is shown in the 
accompanying illustration.

9 5 1 , 1 9 8 . Process of, and Apparatus for, Treating Ores. W a l t e r  
G . P e r k i n s ,  of Smelter, Nevada, and M a r k  L a w r e n c e  R e q u a ,  

of San Francisco, California. March 8, 1910.

This invention relates to the treatment of metalliferous ores 
preparatory to the smelting process, whereby waste of the 
valuable elements of the ore is reduced to a minimum, arid the 
ore put into suitable condition for smelting in a blast furnace. 
The best known means of accomplishing this important result,

1—
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is to agglomerate or sinter the ore, which is usually in a finely 
divided state, by  subjecting the same to the action of heat from 
either solid or gaseous burning products, whereby the metal­
liferous elements will become agglomerated, or sintered into a 
solid mass or good-sized pieces or lumps, which are then in con­
dition for further treatment, such as smelting as in a blast 
furnace, without the risk of waste or loss of the valuable ele­
ments of the ore.

In the practice of this process the entire body of the ore is 
subjected to the action of air or other supporter of combustion, 
and temporarily to the burning products of the source of heat.

The ore to be treated is placed upon a layer of stones dis­
posed upon a support as shown in the accompanying illustra­
tion. And is caused to pass through the ore and during this 
passage burning gas is passed over the surface of the ore. In 
this w ay the ore is agglomerated or sintered. The sintered ore 
is later separated from the unsintered particles by means of a 
suitable screen,

951,228. Method o f  Decomposing Salts. J a s p e r  W h i t i n g ,  o f

Boston, Massachusetts. March 8, 1910.

This invention relates to the electrolytic decomposition of 
salts by methods involving the employment as cathode of a 
body of liquid metal or alloy. In methods of this character 
it has been usual heretofore to maintain a substantially con­
tinuous circulation of the cathode, but this practice has, it is 
claimed, proven objectionable by reason of the tendency of the 
electrolytically separated metal, as sodium, to become oxidized 
and to re-enter into solution in the decomposing compartment. 
For example, in the production of caustic soda by electrolysis

of aqueous solutions of sodium chloride in presence of a mercury 
cathode, the sodium amalgam tends to collect at the surface 
of the mercury cathode and its removal to the oxidizing com­
partment is only incompletely effected by the flow of the under­
lying body of mercury; the sodium of the amalgam is therefore

subject to oxidation by the electrolyte undergoing decom­
position, resulting in a reduced efficiency of operation.

According to the present invention the liquid metal is main­
tained in a state of rest during the charging period or period 
during which the sodium or other metal is deposited therein, 
but is at appropriate intervals transferred by gravity to a 
region of oxidation, the denuded or purified metal being there­
after returned to the decomposing compartment. In the pre­
ferred embodiment of the invention the alloy or amalgam from 
the decomposing compartment is permitted to flow through the 
oxidizing compartment in contact with carbon surfaces and an 
oxidizing electrolyte.

The accompanying illustration shows apparatus in which the 
process may be carried out.

9 3 1 , 2 7 2 . Obtaining Petroleum Products. H e r m a n  F r a s c i i ,  of
New York, N. Y . March 8, 1910.

This is a process of obtaining burning oil (kerosene) from 
petroleum of the nature of that obtained from the wells near 
Beaumont, Texas, and from other kinds of petroleum.

On subjecting Beaumont petroleum to fractional distillation 
(with or without cracking) and subjecting the entire distillate 
which comes over between the ordinary temperature limits of 
burning oil (say, from 250-600° F.) to treatment with sul­
phuric acid of 66° B. (followed by the customary washing with 
water, and with caustic soda solution, and again with water), 
the resulting product will be colorless and of a mobility to climb 
a lampwick; but it will smoke when burned in ordinary petro­
leum lamps, especially if the flame should be turned low. The 
raw distillate shows the same smoky flame. The patentee 
claims to have discovered that such distillate is composed in 
part only of smoky hydrocarbons and that these and the non­
smoking hydrocarbons which accompany them in distillation 
can be separated from each other by the differentially solvent 
action of an appropriate menstruum, such as methyl alcohol or 
ethyl alcohol, not only to a useful extent, but sufficiently to 
obtain from such smoky distillate a non-smoking burning oil 
whose hydrocarbons have the same range of boiling points as 
those of said smoky distillate. The invention consists in the 
processes of subjecting part at least of either or both of said 
illuminating oil fractions of Beaumont or other petroleum, as 
above mentioned, to the action of a menstruum, such as methyl 
alcohol or ethyl alcohol, which has a different solvent action 
upon the non-smoking from that which it has upon the smoky 
hydrocarbons of said burning oil fraction of Beaumont petro­
leum, and thereby obtaining the results stated. The menstruum 
may be applied to all or to any desired part of either or both of 
said illuminating oil fractions before or after the separation of 
the same from other fractions or parts of the petroleum; but the 
application would best be made after such separation, the oil 
treated being in the form of an appropriate distillate. The 
distillation of the crude oil may, in any case, be performed with 
or without cracking.

In addition to giving an oil of less ratio of carbon to hydrogen 
than the oil treated, the separation which is effected by the 
differentially solvent menstruum also results in an oil of greater 
ratio of carbon to hydrogen; and this more highly carbonaceous 
product can be utilized for burning as fuel or for other ap­
propriate purpose.

The solvent action of methyl or ethyl alcohol is greater on the 
smoky hydrocarbons (or those having a higher ratio of carbon 
to hydrogen) than on the non-smoking hydrocarbons (or those 
having a lower ratio); but it is evident that a menstruum having 
the reverse differential action might serve to separate the two 
kinds of hydrocarbons; and it is believed that a  differential 
solvent in general has now for the first time been applied as 
indicated.

Nearly anhydrous methyl alcohol is regarded as the b e st'



O F F IC IA L  R E G U L A T IO N S  A N D  R U LIN G S. 235

through the openings at the top of the inner and outer drums, 
and after the doors of the openings are closed, the inner drum 
and agitator are rotated for effectively stirring the tin scraps 
to bring every portion of the tin-coated surfaces in contact 
with the liquid air which is supplied by the opening of the 
valve 22. This liquid air acts on the tin in such a w ay as to 
destroy the cohesion between the tin particles and the sheet 
metal coated thereby, and the particles of tin sift through the 
perforations of the inner drum and are collected in the space 
at the bottom of the outer drum. After the agitation has pro­
ceeded long enough to remove the tin, the door 7 is first opened 
to allow the tin to drop out into a suitable receptacle. After 
this is done, the inner drum is opened when the door thereof 
is at the bottom, so that the sheet metal from which the tin 
has been removed can be emptied from the apparatus in prep­
aration for the next charge.

IN D U ST R IA L A N D  T R A D E  N O T E 5 .

AMERICAN PATENTS IN ENGLAND.

R e v o c a t i o n  f o r  I m p r o v e m e n t s  i n  T y p e w r i t i n g  M a c h i n e s .

Consul Albert Halstead, of Birmingham, reports as follows 
concerning the British revocation of letters patent for a  type­
writing machine manufactured in New York:

A  decision of the Comptroller-General of Patents, 011 December 
10, revoked letters patent No. 25382 of 1901 for improvements in 
typewriting machines, especially referring to an improved 
key-operating mechanism for the machine manufactured by 
the Y ost Writing Machine Company, of New York. Application 
was made for the revoking of this patent by Walter Gray Duncan, 
of Glasgow, on the ground that the article was manufactured 
mainly or exclusively outside the United Kingdom.

The Yost Writing Machine Company is represented in England 
by the Yost Typewriter Company (Limited), who are the licensees 
in England for the sale of the typewriters. The company was 
represented by counsel. Not only was its patent revoked, but 
it was ordered by the Comptroller-General to pay the costs 
of the Glasgow applicant, viz., 30 guineas ($153.29).

This decision is another manifestation of the purpose of British 
manufacturers to gain every advantage possible under the 
patents and designs act of 1907, and indicates that many Ameri­
can companies which have developed a large business in the 
United Kingdom, and which have not undertaken to manu­
facture in this country the main part of their patented articles 
sold here, are in grave danger of having their patents revoked 
and of suffering from the competition of machines made in 
Great Britain to their designs, machines which, because British- 
made, in view of the increasing popular prejudice in favor 
of British-made articles, will become serious competitors.

(An abstract of the decision of the Comptroller-Gene-ral, trans­
mitted by Consul Halstead, is on file in the Bureau of Manu­
factures.)

O F F IC IA L  R E G U L A T IO N S  A N D  R U L IN G S .

N o t i c e  o f  J u d g m e n t  No. 216 F o o d  a n d  D r u g s  A c t .

Adulteration and Misbranding oj Hydrogen Peroxide.

In accordance with the provisions of Section 4 of the Food and 
Drugs Act of June 30, 1906, and of regulation 6 of the rules and 
regulations for the enforcement of the act, notice is given that 
on the 14th day of December, 1909, in the United States Circuit 
Court for the Eastern District of New York, judgment was 
rendered in the case of the United States vs. Eimer &  Amend, 
a corporation, of New York City, prosecuted for a violation of 
the aforesaid act upon an information in substance charging

menstruum, but another appropriate menstruum (differential 
solvent) can be used without exceeding the limits of the in­
vention. As already indicated, ethyl alcohol can be used.

After the desired and feasible separation of the hydrocarbons 
from each other has been obtained, the menstruum is separated 
from the hydrocarbons in solution therein in order to obtain 
purer oil and also to recover the valuable menstruum; and 
where it and they have sufficiently different boiling points 
fractional distillation would best be resorted to; but the men­
struum separation might be effected in different ways which 
might vary with the menstruum. Addition of water followed 
by settling and decantation will separate methyl alcohol or 
ethyl alcohol from hydrocarbons (of whatever volatility) in 
solution therein. Methyl alcohol and ethyl alcohol can each 
of them be separated by distillation from the hydrocarbons 
which compose the heavier portion of the burning oil fraction 
of any kind of petroleum. The separated menstruum can be 
disposed of in any way, but it would best be used over again 
on a  new lot of oil, with or without being subjected to an inter­
mediate treatment.

Process of Detinning Tin-scrap. W a l t e r  J . P h e l p s ,  

of Baltimore, Maryland. March 15, 1910.

It  has been demonstrated that tin disintegrates when sub­
jected to extremely low temperatures, as for instance, when 
brought in contact with liquid air.

Based upon this principle, this process consists in subjecting 
the tin-coated scraps or tin-bearing material to an extremely low

—10

temperature, while simultaneously agitating the scraps to cause 
the tin to separate from the steel or other metal coated by the 
tin.

In practice, the tin-bearing material is supplied to the inner 
drum of the apparatus shown in the accompanying illustration
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that said defendant filed a guaranty in accordance with the 
provisions of Section 9 of the said act, which is as follows:

Eimer &  Amend,
Manufacturers &  Importers of 

Chemicals and Chemical Apparatus.

N e w  Y o r k ,  N o v .  1 4 , 1 9 0 6 .

T h e  S e c r e t a r y  o f  A g r i c u l t u r e ,

Washington, D. C.
D e a r  S i r :  We, the undersigned, do hereby guarantee that 

all the articles of foods or drugs manufactured, packed, dis­
tributed or sold by us, including both crude and powdered 
drugs, alkaloids, chemicals, pharmaceutical preparations, medic­
inal specialties or proprietary medicines, and any and all 
articles of foods and drugs as defined by the Food and Drugs Act, 
June 30, 1906, are not adulterated or misbranded within the 
meaning of the said act.

Respectfully yours,
E i m e r  &  A m e n d .
R o b e r t  P .  A m e n d ,

Treasurcr.
A t t e s t  

O t t o  P .  A m e n d  [s e a l ],
Secy.

Sworn to before me this 25th day of November, 1906,
[ s e a l ]  J a c o b  B. T o c h .

Notary Public No. 39, N . Y . C., 

which said guaranty received a serial number, to wit, 591; and 
that thereafter the said Eimer & Amend sold and delivered to 
the Eastern Drug Company, New York City, a certain drug 
contained in a bottle labeled: “ Hydrogen Peroxide 1 pint 
Eimer and Amend, New York. Guaranteed under Food & 
Drugs Act, etc., No. 591,”  which said drug, sold and delivered 
as aforesaid to the Eastern Drug Company, and afterwards 
reshipped in its original package by the agent of said company 
from New York to Boston, Mass., was adulterated in that it 
was sold under a name recognized in the United States Pharma­
copoeia and differed from the standard of quality and purity 
therein laid down in this, that it contained acetanilid. The 
information further charged that the said drug was misbranded 
in that the container thereof, failed to bear a statement of the 
quantity or proportion of acetanilid contained therein. On 
December 14, 1909, the defendant pleaded guilty to the infor­
mation and was fined $5.

The facts on which the prosecution was based, follow:
On June 8, 1908, an inspector of the United States Department 

of Agriculture purchased a sample of the drug, labeled as hereto­
fore described, from the Eastern Drug Company, at Boston, 
Mass., which had been sold and delivered by Eimer & Amend 
to an agent of said drug company, in New York City, who 
afterwards reshipped the same to his company at Boston, Mass. 
The sample was analyzed in the Bureau of Chemistry, United 
States Department of Agriculture, and found to contain acetanilid. 
The analysis having disclosed that the said drug was adulterated 
and misbranded the said Eimer &  Amend and the said Eastern 
Drug Company were duly notified thereof, given an opportunity 
to be heard, and were heard in regard to said adulteration and 
misbranding. The Eastern Drug Company having established 
a  guaranty from its vendor, and it appearing that there had 
been a violation of the act, for which Eimer &  Amend was 
responsible, the facts were reported, on April 16, 1909, to the 
Attorney-General. The case was referred to the United States 
attorney for the Southern District of New York, who filed the 
above information, with the result hereinbefore stated.

J a m e s  W i l s o n ,  

Secretary of Agriculture.
W a s h i n g t o n ,  D. C., February 21, 1910.

N o t i c e  o f  J u d g m e n t  N o  220, F o o d  a n d  D r u g s  A c t .
Adulteration and Misbranding oj Turpentine.

In accordance with the provisions of Section 4 of the Food and 
Drugs A ct of June 30, 1906, and of regulation 6 of the rules and 
regulations for the enforcement of the act, notice is given of 
the judgment of the court in the case of the United States vs. 
2 Drums Turpentine, a proceeding of libel under Section 10 of 
the aforesaid act for seizure and condemnation of the said 2 
drums of turpentine, lately pending, and finally determined 

■on May 18, 1909, in the District Court of the United States for 
the District of Vermont by rendition of a decree of condemnation 
and forfeiture hereinafter fully set out.

The case having come on for final hearing and no one appearing 
to make any answer to the allegations of the said libel, on May 
18, 1909, the court rendered its decree of condemnation and 
forfeiture in substance and in form as follows:
U n i t e d  S t a t e s  D i s t r i c t  C o u r t  f o r  t h e  D i s t r i c t  o f  V e r m o n t .

U n i t e d  S t a t e s

vs. ^
T w o  D r u m s  T u r p e n t i n e .  J

This cause came 011 for hearing on the 18th day of May, 1909, 
and it appearing that said libel was duly served and returned, 
and no one appearing to make any answer to the allegations in 
said libel, and it being made manifest that all and singular the 
premises aforesaid, are true, and within the jurisdiction of 
this court, it is thereupon ordered and decreed that the said 
two drums of turpentine in the information and libel mentioned, 
be, and the same are condemned as forfeited for the causes in 
said libel and information set forth.

Done in court at Windsor, this 18th day of May, 1909.
J a m e s  L. M a r t i n ,

United States District Judge.
The facts in the case were as follows:
On or about January 26, 1909, an inspector of the Department 

of Agriculture found in the possession of the Dr. B. J. Kendall 
Company, Enosburg Falls, V t., 2 drums containing about 
112 gallons of turpentine, labeled "Spirits Turpentine,”  which 
had been manufactured and shipped to said Kendall Company 
by the Carolina Pine Products Company, a corporation of 
Cleveland, Ohio, on December 16, 1908. A sample was taken 
from this consignment and analyzed in the Bureau of Chemistry 
of the United States Department of Agriculture and found 
to contain 35 per cent, of mineral oil. From the aforesaid 
analysis it appeared that the article was adulterated within the 
meaning of the act in that it was sold under the name of “ Spirits 
Turpentine,”  which in common parlance means, and is identical 
with, “ oil of turpentine,”  a name recognized in the United 
States Pharmacopoeia, while it differed, in fact, from the stand­
ard of strength, quality, and purity laid down therein in that 
a quantity of mineral oil had been substituted in part for the 
genuine article; and was misbranded within the meaning of 
Sections of the act in that it was labeled “ Spirits Turpentine,”  
whereas it was not, in fact, spirits of turpentine, or oil of tur­
pentine, but a mixture of oil of turpentine and mineral oil.

Accordingly, on January 28, 1909, the Secretary of Agriculture 
notified the United States attorney for the District of Vermont 
that the aforesaid 2 drums of turpentine were then in the posses­
sion of the said Dr. B. J. Kendall Company, Enosburg Falls, 
V t., having been shipped as above stated, and that they were 
adulterated and misbranded within the meaning of the act. 
On February 1, 1909, the United States attorney filed a libel 
in the District Court of the United States for the District of 
Vermont praying seizure, condemnation, and forfeiture o fth e  
said goods, with the result hereinbefore stated.

J a m e s  W i l s o n ,  
Secretary of Agriculture,

W a s h i n g t o n ,  D. C,, February 23, 1910.
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in  th e  a n a ly s is  o f  fe r t i l i z e r s ,  c o t to n -s e e d  iro n  a n d  food 
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t ig a t io n s  a n d  R ese a rc h e s .

Chicago, Illinois i2 -*°

Samuel P. Sadtler $  Son
Consulting and A n a ly tic a l  Chem ists

A n a ly s e s  a n d  r e p o r t s  m a d e  in  a l l  b r a n c h e s  o f  In d u s tr ia l  
C h e m is try .

Expert assistance in the Development o f Chemical Pro­
cesses and Patents, and Preparation of Testi­

mony in Chemical Patent Suits.
2~'° Philadelphia, Pa

W ANTED — To get into communication 

with a man capable of designing, con­

structing and operating a thoroughly 

up-to-date Acetone Plant. Address 

44Acetone,” care of The Journal of 

Industrial and Engineering Chemis try, 

Easton, Penna. ^



"The first object of the industrial chemist should be that of increasing industrial efficiency. They have 
allowed the mechanical engineer to usurp many things, which properly come much more directly within their own 
province.” — A r t h u r  D. L i t t l e .

Read Arthur D. L ittle's article “ The Chemist’s Place in Industry”  in the February Number of this Journal.

THE SGLEROSCOPE
T he only scientific instrum ent for 

measuring the hardness of metals, etc.

WHAT THE SGLEROSCOPE HAS DONE FOR 
UP-TO-DATE MANUFACTURERS

C u t down cost by increasing the life of 
tools, dies, rolls, etc.

Increased production by reducing time 
lost in m aking changes.

Im proved the quality of product by
m alting it ju s t  the correct hardness to give the 
best service for the purpose intended.

T h is instrum ent is now recognized as the 
In ternational standard, and at least one is to 
be found in almost every U niversity in the 
United States.

WRITE FOR BOOKLET

SCIENTIFIC MATERIALS COMPANY,
PITTSBURGH, PENNA.

Manufacturers i E V E R Y T H I N G  F O R  T H E  L A B O R A T O R Y  
and Importers (

O ur catalogue of C H E M IC A L and M E T A L L U R G IC A L  laboratory 

supplies is the most complete and best arranged of its kind ever issued 

in the United States. W e send it free of charge to C hief Chemists 

and College Professors.
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CABLE ADDRESS, LYCURGIS, NEW YORK

GENERAL CHEMICAL CO.
MAKERS OF

STANDARD CHEMICALS
P H I L A D E L P H I A  N E W  Y O R K  CHICAGO  

ST. LOUIS, C L E V E L A N D ,  P IT T S B U R G ,  B U F F A L O ,  S Y R A C U S E ,  T R O Y , PA SS A IC ,  B R I D G E P O R T ,  P R O V I D E N C E

ACIDS: S u lp h u r ic ,  F u m in g  S u lp h u r ic ,  M u r ia t i c ,  N itr i c ,
M ix ed , A c e tic , H y d ro f lu o r ic ,  B a t t e r y  a n d  P h o s ­
p h o r ic  A c id s , a n d  B a t t e r y  S o lu t io n s

S O D A S :  S u lp h a t e ,  C a lc in e d  S u lp h a t e ,  B ic h r o m a te ,  B is u l ­
p h a t e ,  L iq u id  B is u lp h i te ,  S u lp h ite ,*  S u l p h i d e  
C r y s t a l s ,  C o n c e n tr a te d  S u lp h id e ,  A c e ta te ,  S il ic a te ,  
C a u s t ic ,  a n d  S a l S o d a s ;  a n d  T r i s o d iu m  P h o s p h a te ,  
G la s s m a k e rs ’ S a l t  C a k e , G la u b e r ’s  S a l t ,  a n d  N itre  
C ak e

A L U n  : L u m p , B u r n t ,  G ro u n d  a n d  F i l t e r  A lu m s

ALUfllNA:  S u lp h a t e  a n d  C h lo r id e  of A lu m in a

T I N : M u r ia te  of T in  C r y s ta l s  a n d  M u r ia te  o f T in  S o lu ­
t i o n ,  B ic h lo r id e  a n d  O x y  M u r ia te  of T in

AMMONIA : P h o s p h a te  o f A m m o n ia ,  A q u a  a n d  A n h y d r o u s
A m m o n ia

IRON : P e r c h lo r id e ,  S u lp h id e ,  T r u e  N i t r a t e ,  C o p p e ra s
N i t r a t e  of I r o n  a n d  C o p p e ra s

SULPHUR : R o ll B r im s to n e ,  F lo u r  a n d  F lo w e r s  of S u lp h u r

L E A D  : A c e ta te  of L e a d  C r y s ta l s  a n d  S o lu t io n s

ZINC : Z in c  C h lo r id e  S o lu t io n  a n d  F u s e d  C h lo r id e  of Z in c

MA G NE SI A:  E p s o m  S a l t

COPPER : S u lp h a t e  o f C o p p e r  o r  B lu e  V itr io l

L i n E  : B le a c h in g  P o w d e r

POTASH :  B ic h ro m a te  of P o ta s h

D IS T R I B U T O R S  OF

BAKER <Sc ADAMSON CHEM ICAL CO.’S
STANDARD CHEMICALLY PURE 

ACIDS AND SALTS

L IC E N S E S  G R A N T E D  IN  FO R E IG N  

CO U N TR IE S A N D  TO CO N SUM ERS

i n  u n i t e d  s t a t e s  : : : : :

2500-Ampere Cell.

HOOKER ELECTROCHEMICAL CO. K w  7 orY tc"“ yt:

H IG H  E F F IC IE N C Y ; LOW  IN IT IA L  COST; 

LO W  COST O F M A IN T E N A N C E ; 

2,500, 4,000, 6,000 
A M P E R E  U N ITS.

Chlorination in Metallurgy
L IC E N S E S  G R A N T E D  

IN  A L L  CO U N TR IE S

For the  Electrolytic  Production ol

¡Alkali and Chlorine
Continuous Operation 3 Years, 
1 Month at Niagara Falls,  N. Y.

Alkali Plants
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PLATINUM
IN AN Y FORM FOR AN Y PURPOSE

RETORTS 
PANS 

CRUCIBLES 
DISHES 

WIRE FOIL 
ETC.

J,BISHOP &  GO, PLATINUM WORKS
E S T A B L I S H E D  (842  12-10

M A L V E R N , PE N N A ., U. S. A.

T he  New  W e s t o n  A l t e r n a t ­
ing  C u r r e n t  S w i t c h b o a r d  
A m m e te r s  and V o l t m e t e r s
w ill  b e  fo u n d  v a s t ly  s u p e r io r  in  a c ­
c u ra c y ,  d u r a b i l i ty ,  w o rk m a n s h ip  a n d  
f in ish  to  a n y  o th e r  in s t r u m e n t  i n ­
te n d e d  fo r  t h e  s a m e  s e rv ic e .
T h e y  a r e  A B S O L U T E L Y  D E A D  B E A T  a n d  

E X T R E M E L Y  S E N S I T I V E .  
T h e ir  in d ic a t io n s  a re

P R A C T I C A L L Y  I N D E P E N D E N T  
O F  F R E Q U E N C Y  a n d  a lso  of 
W A V E  F O R M .

They are P R A C T I C A L L Y  F R E E  F R O M  
T E M P E R A T U R E  E R R O R .

T h e y  re q u ire
E X T R E M E L Y  L I T T L E  P O W E R  
T 0  O P E R A T E ,  A N D  T H E Y  A R E  
V E R Y  L O W  I N  P R I C E .

T h e  New  W e s to n  P o r t a b le  
A l t e r n a t i n g  - C u r r e n t  A m ­
m e te r s ,  M i l l i  - A m m e te r s  
and V o l t m e t e r s

p o sse ss  th e  s a m e  e x c e l le n t  
c h a ra c te r is t ic s .

T h e  p e r fo rm a n c e  o f  a l l  th e s e  I n ­
s t r u m e n ts  w il l  be  a re v e la t io n  to  
u s e r s  o f  a l t e r n a t in g - c u r r e n t  a p ­
p a r a tu s .

N ew  W e s t o n  E c l ip s e  D i r e c t  
C u r r e n t  S w i t c h b o a r d  A m ­
m e te r s ,  M i l l i  - A m m e t e r s  
a n d  V o l t m e t e r s  a r e  o f  th e  “ S o ft 

I r o n ’* o r  E le c ­
t r o - m a g n e t i c  ty p e ;  b u t  th e y  p o sse ss  
so  m a n y  n o v e l a n d  v a lu a b le  c h a r ­
a c te r is t ic s  a s  to  p r a c t ic a l ly  c o n s t i tu te  

I2'9  a  n e w  ty p e  o f  in s t ru m e n t .
T h e y  a r e  ex ceed in g ly  ch e a p , b u t  a r e  r e m a r k a b ly  a c c u ra te  a n d  w e ll  m a d e  

a n d  n ic e ly  f in ish e d  in s t r u m e n ts ,  a n d  a r e  a d m ir a b ly  a d a p te d  fo r  g e n e ra l  
u s e  i n  s m a l l  p la n t s ,  w h e re  c o s t is  f r e q u e n t ly  a n  im p o r ta n t  c o n s id e ra t io n . 
C o r re s p o n d e n c e  c o n c e r n in g  th e s e  n e w  W e sto n  in s t r u m e n ts  is  s o lic ite d  b y

Weston Electrical Instrument Co.
N ew  Y o rk  O ffice, 114 L ib e r ty  S t. W aver ly  Park, N ew ark ,  N .  J .

Dearborn Drug and 
Chemical Works

Makers of 
Treatment for 
Boiler Waters

AS PER ANALYSIS

Operators of Analytical Laboratories 

Physical Testing and Analysis 
of Lubricating Oils

Main Offices and Laboratories
M c C o r m i c k  B u i ld in g

CHICAGO
R O B E R T  F. C A R R , 

P resident.
W . A . C O N V E R SE , 

C h em ica l D irector.

C . O . BAKER, Pres. C . W. BAKER, Vice-Pres.

P L A T I N U M

C R U C IB L E S  an d  D I5 H L 5  
A N O D E S  an d  C A T H O D E S  
W IR E S H E E T  an d  FO IL

P L A T I N U M  I N S P E . C I A L  

FORM S M ADE T O  D RA W IN G

Scrap purchased or exchan ged 

Write for C atalogu e.

BAKER & CO., I n c .
4 0 8 - 4 1 4  N. J .  R. R. A ve., 

N EW A R K , N. J .
N . Y . O F F IC E . -  -  3 0  C H U R C H  S T .
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“Baker’s Analyzed” 
C. P. Acids and Ammonia

Let MERCS 
Make the 

“ Blank” Test 
For You

To that end, buy

M ERCK’S BLUE LA B EL R E A G E N TS
M E R C K  & C O .

NEW YORK 
ST. LOUIS 
R A H W A Y .  N .  J .

If you a re  not satisfied  with the acid  you  are  
now  using S P E C IF Y  “ B A K E R ’S  A N A L Y Z E D ” on 
your n ext order—it’s  bound to  p le a se  you. O ur 
careful a n a ly se s  g u aran tee  the purity.

IN CARBOYS AND BOTTLES

J. T. Baker Chemical Company,
PHILLIPSBURG, N .J .

on accou n t o Q h e ir  uniform  strength  an d  high d e ­
g re e  o f purity, exactly  m eet the carefu l ch em ist’s  
n eed  o f high quality acids and am m onia.


