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EDITORIALS.

U S E S  F O R  R A R E  E L E M E N T S  AN D S P E C I A L  COMPOUNDS.

It  frequently happens th at investigators have put 
aside and regarded as impracticable, the suggested 
use of m any of the more difficultly obtained chemical 
elements and compounds, in consequence of the fact 
that some of these are a t present regarded as unavail
able— whether such unavailability is the result of 
either a very  limited present supply, or a cost -which 
is prohibitive for the purpose for which the material 
is desired.

Manufacturers are throwing aw ay m any materials 
which are, a t present, looked upon as waste prod
ucts, and would gladly welcome any suggested 
use for the same. Through the cooperation of the in
vestigator and the manufacturer, mutual difficulties 
m ight be overcome. W ith a more intimate coopera
tion, the requirements of the investigator might be 
supplied b y  utilizing the waste products of the manu
facturer.

The fundamental step towards obtaining this co
operation must be the securing of information con
cerning the availability of the materials needed and 
the uses which m ay be made of them.

When we consider the marvelous improvements 
recently- brought about b y  the application of elec
tricity to chemical industry,, and the accomplishment

thereby of results hitherto unobtained, we m ust be- 
prepared to revise sçme of our information concerning, 
materials previously regarded only as “ museu 
specimens,”  and place m any of these in the catego 
of substances practical for industrial purposes.

Tw enty-five years ago aluminum was not com
mercially available; to-day, millions of pounds are 
used in the industries. Only a few years ago, the 
element silicon was regarded as a curiosity; to-day 
it m ay be purchased by the ton— uses having been 
found for it and convenient methods devised for its 
preparation. The same might be true of m any 
other elements and compounds, which, a t the present 
time, have but little application.

The Division of Industrial Chemists and Chemical 
Engineers now has a  committee which is endeavoring 
to deal with this problem. This committee will 
probably act in the capacity of a clearing-house 
between the manufacturer and consumers. The 
committee is composed of former President W . R. 
W hitney, of Schenectady, N. Y ., M. C. W hittaker, of 
Gloucester, N. J., and Gellert Alleman, • Chairman, 
of Swarthmore, Pa. The members of this society 
are asked for suggestions regarding the scope of the 
investigations to be undertaken, and we hope that 
all will aid in this im portant work.

The committee proposes to publish as complete a 
list of the prices and availableness of the chemical 
elements as it can obtain, and would be glad to get 
information to add to this list. It  will later probably 
take up relatively novel or newly available com
pounds. Such new compounds as come to the notice 
of members will receive attention by the committee if 
they are informed of them. G ellK R T A l l e m a n .

ORIGINAL PA PER S.

A COMPARISON OF THE METHODS FOR DE
POSITING IRON ELECTROLYTICALLY.

By S. A. T u c k e r  a n d  E. S c h r a m m .

Received April 1. 1910.

The experiments herein described include the sul
phate and chloride baths as these have been used by 
most investigators. Other electrolytes have been 
tried w ithout much success, such as ferrous fluor- 
silicate, but it was considered best to restrict the 
experiments to the more promising methods and, by 
comparing them under certain conditions, to decide 
which would be the most practical for the deposition 
of metallic iron.
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The first solution tried was made by dissolving 
200 grams of FeS04.(NH4)2S04.6H20 in one liter. 
This gives about 29 grams of iron per liter, or a con
centration of 2.9 per cent, of iron. This is the solu
tion as used by Am berg,1 and probably by Burgess2 
and Hambuechen. The cathodes were clean sheet 
iron and the anodes consisted of wrought iron -bars. 
The experiments wrere carried o ij a t room tempera
ture and the results are given in Table I :

T a b l e  I.— I r o n .

Volts. Amp. Amp.t]dcm- Amps.O'. Lbs. kw.
0 .50 0.2 0.176 1.63 4 .4
0 .56 0.25 0.22 2.02 3 .9 4
0 .58 0.30 0.264 2.45 3 .7 6
0 .6 4 0 .35 0.308 2 .96 3 .4 4
0.68 0.40 0.352 3.27 3.21
0.70 0 .45 0.396 3 .68 3.12
0.74 0 .50 0 .44 4 .09 2.95
0 .9 0 0.75 0.66 6 .04 2.42
1 .1 0 1.00 0.88 8 .26 1.98

The current efficiency was determined by inserting 
a copper coulombmeter in series and gave an effi
ciency of 95.5 per cent.

The last column in this table shows the effect of 
increased current density on the energy efficiency. 
The current was changed temporarily to obtain 
these figures. In computing the figures for lbs. 
per lew. hr., the current efficiency was assumed to be 
the same throughout.

The deposit obtained was silvery white and of a 
fine crystalline structure. A fter a while it became 
badly pitted. The electrolyte kept in condition 
for a long time; the basic precipitate which formed 
by oxidation of the air was allowed to collect in the 
bottom  of the vessel. The electrodes were 1 1/2" 
apart and the current density at the anode was about 
double that a t the cathodes.

Another run was made with the solution and all 
conditions kept the same as the above except the 
current density, which was raised to 1 amp. per 
sq. dcm. The deposit was crystalline and silvery 
white like that obtained at lower current densities, 
but showed a greater tendency to form nodules. 
The current efficiency was nearly 100 per cent., but 
the voltage drop was 1 .2 , giving 1.705 lbs. per kw. 
hour.

A  third run was made with ferrous ammonium sul
phate solution, with the addition of a small quantity 
of glycerine. The deposit in this case was smoother 
and more solid.

R yss,3 in his investigations, used a solution con
taining 200 grams ferrous ammonium sulphate, 50 
grams M gS04, an d .4 grams N aH C03 per liter. R yss 
claimed that such a solution gave a smoother and 
thicker deposit of iron than could be obtained with 
ordinary ferrous ammonium sulphate.

1 Zeit. E lek tro ch em 14, 326 (1908).
2 Trans. Am . Electrochem. Soc., 5 , 201 (1904). Electrochem. and Met. 

Ind., 2, 183 (1904).
* Ryss, Zeit. Elektrochem., 12, 697 (1906).

A  trial failed to show any improvement in the 
character of the deposits using such additions, but it 
did show that the bath had a much greater tendency 
to form basic precipitate and the time in which it 
could be maintained in good condition was less than 
that possible with the simple bath.

The next solution tried was one containing 30 grams 
F eS 0 4.7H20 , 21 grams Na2S0.,.iûH20 per 100 cc. 
as described by K ern .1

A  current density of 1 amp. per sq. dcm. was used. 
The deposit was dark gray and formed large nodules. 
A t the end of 15 hours the electrolyte was in bad 
condition owing to the formation of a heavy precipi
tate.

The net results of the experiments with different 
sulphate solutions were the conclusion that a solution 
containing 200 grams per liter of Mohr’s salt was the 
best as regards character of deposit, permanent good 
condition of electrolyte, and energy efficiency. A tten 
tion was next turned to the electrolysis of chloride 
solutions. The first solution used contained 100 
grams FeCl,.4H 20  and 50 grams N H ,C1 per liter. 
The cathodes, as before, being of clean sheet iron 
and the anodes, wrought iron bar. The electrodes 
were 1 1/2" apart and the bath maintained a t room 
temperature. The current efficiency as determined by 
a copper coulombometer was found to be 96.5 per 
cent, and the following data was obtained:

Tim e of run 2 11/ 2  hours.
Average current during run =  0.237.
Average voltage during run =  0.42.
W eight of iron actually deposited, 5 .14  grams.
W eight of iron theoretically deposited, 5.32 grams.

Current density during run =  0.304 amp. []dcm.
No. w att hours =  0.237 X 21 1/2 X  42 =  2 .14 .
1 w att hour =  2 .4  grams i on.
1 kw. hour =  5.28 lbs.
The current was varied temporarily to obtain the 

following readings:

Volt. Amp. Amps. [ ] dcm- Amps. [ ] ft* Lbs. kw. hr.
0 .40 0.2 0.260 2.42 5 .55
0 .44 0.25 0.321 2 .98 5 .05
0 .4 6 0 .3 0.385 3 .58 4 .83
0 .54 0 .36 0.450 4 .1 8 4 .1 0
0.57 0 .4 0 0.513 4 .76 3 .8 9
0 .6 0 0 .45 0.577 5 .36 3 .7 0
0 .6 0 0 .5 0.642 5 .97 3 .7 0
0 .72 0.75 0.962 8.94 3 .0 8
1.00 1.00 1.280 11.90 2.22

In the next run a  solution of double the strength 
was used, i. e., 200 grams FeCl2.4H20  and 100 grams 
N H 4C1 per liter. The other .conditions were kept 
much the same as before, excepting that the length 
of time of the run was increased:

Tim e of run, 141 hours.
Average current during run, 0.323 amp.
Average voltage during run, 0.67.
W eight of iron actually deposited, 47.145  grams.

1 Kern, Trans. Am . Electrochem. Soc., 13, 103 (1908).
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W eight of iron theoretically deposited, 47.6  grams. 
Current efficiency =  99 per cent.
Current density = 0 .5 6  amp. []dcm. _   ̂ 2 amps.[]'. 
No. w att hours =  0.323 X 141 X 0.67 =  30.5. 
x w att hour =  1.5 5  grams iron.
1 kw. hour =  3 .4  lbs.
The following readings were taken :

The following readings were taken :
Current density. 

]ft.

Volt. Amp. A m p s .[]dcm' A m ps.fJ '. Lbs. kw. hr.
0 .42 0.2 0.345 3 .2 5.42
0 .50 0.25 0.432 4.01 4 .55
0 .64 0 .3 0.517 4 .08 3 .6 6
0 .70 0 .35 0.604 5 .64 3 .2 6
0.72 0 .4 0 .69 6 .4 3 .1 6
0 .82 0.45 0.726 6 .75 2 .78
0 .8 4 0 .5 0.862 8.0 2.71
0 .9 0 0.75 1.29 12.0 2 .53
0.98 1.00 1.725 16.0 2 .32

Volt. Amps. Temp. Amps. []
0 .42 1 .4

ÜooM3 15
0 .46 1 .4 50° 15
0.54 1 .4 40° 15
0 .64 1.4 30° 15

0 .36 1 .8 60° 19.3
0 .34 1 .6 60° 11.15
0 .32 1.4 60° 15 .C
0 .3 0 1 .2 60° 12.85
0 .2 8 1 .0 60° 10.72
0 .26 0.8 60° 8 .57
0 .24 0.6 60° 6 .43
0.22 0 .4 60° 4 2 .9
0.20 0.2 60° 2 .14

Taken at start.

A  comparison of the two runs given above with 
the run on ferrous ammonium sulphate solution 
shows that while the current efficiency is practically 
the same in both cases, the energy efficiency a t any 
given current density is much higher for the chloride 
solutions. Comparing the two chloride solutions, 
we see that the more concentrated solution gives a 
higher energy efficiency a t any given current density.

The physical character of the deposit from the 
chloride solution was somewhat different from that 
deposited from the sulphate solutions, being more 
crystalline than the latter excepting that to which 
glycerine had been added.

The next electrolyte tried was the ferrous sodium 
chloride solutions described by E. F. K ern .1 This 
was made by dissolving 285 grams FeCl2.4H20  and 
102 grams NaCl per liter, giving 8 per cent. F e and 
4 per cent. Na. The solution m ay also be made by 
dissolving iron in the equivalent weight of H C1. The 
cathode used was thin sheet iron plate 3 3 /4 " X 3 1/2". 
The anodes were bars of wrought iron 3" X  2" X 1/2". 
The electrolysis was carried on in a beaker placed 
on an asbestos pad with a hole cut in it, and heated 
b y  placing an incandescent lamp underneath. This 
kept the temperature between 500 and 700 C.

Previous runs having all shown a high current 
efficiency of over 95 per cent., it  was not considered 
necessary to use a  copper coulombmeter in this run. 
The object of the run was to :

(1) Compare the voltage required b y  this process 
with the others described.

(2) To find the effect of heating the electrolyte 
on the energy required.

(3) To find the effect of heating on the physical 
character of the deposit.

(4) To secure a thick deposit in a short time.
The cathode area was 13 .15  square inches.
The electrolyte was kept in condition by adding a 

little H C1 to the bath every day to dissolve the basic 
precipitate which formed. W ater was fed to the 
bath autom atically to make up for evaporation.

1 Trans. Am . Elecirochem. Soc., IS , 103 (1908).

9 days after start.

The above tables show: that the voltage decreases 
with increased temperature; and that the voltage 
decreases as the run proceeds.

Comparison of this process with the others tried 
shows the best energy efficiency for the ferrous so
dium chloride electrolyte working at 50 “-70 ° C.

This bath also gave the best and thickest deposits, 
the iron being gray and non-crystalline.

E l e c t r o c h e m ic a l  L a b o r a t o r y ,
Co l u m b ia  U n iv e r s it y .

STUDIES IN ASPHALT, I.
B y C. J. F r a n k f o r t e r .

Received March 23, 1910.

W hile engaged in testing asphalt for the C ity E n 
gineer of Lincoln, Nebraska, it was observed that 
the temperature of the asphaltic mixture, as brought 
to the street, varied as much as xoo° C. maximum to 
minimum. I t  was also noticed that the per cent, of 
bitumen was b y  no means constant. This seemed a 
little unusual, and the author decided to experiment 
and determine if possible the effect of such varia
tions on the paving material.

Literature was consulted, but nothing bearing on 
the work in mind was found. Paving specifications 
from Chicago, Brooklyn, New Orleans, and several 
other large cities, were obtained and consulted. W ith
out exception, these specifications condemned the 
overheating of an asphaltic cement. Just how hot 
such material might be heated without injury, or 
w hat the harmful effects of overheating really were, 
was not stated. In all cases the per cent, of bitumen 
was to be reasonably constant, usually about xo per 
cent, of the surface m ixture was called for.

Samples of Trinidad, Texas, Cuban Rock, Obispo 
and Sarco asphalts were collected. Results on two 
samples only, Obispo and Trinidad, will be presented, 
since the data on the other brands are as yet insuffi
cient to warrant definite conclusions.

In this paper the author wishes to be distinctly 
understood as neither recommending nor condemn
ing the asphalts mentioned.

Obispo refined asphalt was a hard substance re
sembling coal tar in general appearance, but it did 
not have the “ tarry”  odor nor was it “ stick y ”  at
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ordinary temperatures. The physical properties of 
this material varied with the temperature as recorded 
below :

A t 0° C.
From 5-10° C. 
From 20-25° C.

From 55-60° C. 
From’90-96 ° C. 
From 115-120° C. 
From 135-140° C. 
From 155-160° C. 
From 180-190° C, 
At 222-224° C.
A t 235-238° C.

Very brittle, broke like glass 
Slightly less brittle 
Less brittle, enough tenacity to 

prevent crumbling 
Softer, very tough 
Began to melt 
Consistency of molasses 
More mobile, luster diminished 
Very mobile 
Apparently no change 
Flashed 
Burned

Xo odor.
No odor.

No odor.
Faint oily odor. 
Stronger odor.
Same odor.
Stronger odor.
Very strong odor. 
Strong rancid odor.

The Obispo flux was a very viscous greenish-black 
oil having an odor similar to crude petroleum. Its 
specific gravity was 0.9894. It  flashed at 135-1370 
C. and burned a t 161-162 0 C.

A11 asphaltic cement is the material which, when 
mixed with approxim ately 90 per cent, by weight of 
sand, constitutes the wearing surface of an asphaltic 
pavement. In the case of a natural asphalt contain
ing incorporated native mineral m atter a larger 
proportion would have to be used in order that the 
m ixture might still contain the required 10 per cent, 
of bitumen.

Asphaltic cement is prepared by fluxing a refined 
asphalt with some oil, either natural or the petroleum 
residues from oil refineries. The fluxing is carried 
on until the asphaltic cement reaches the desired con
sistency, which is determined b y  testing its ductility 
and penetration. A fter consulting the various pav
ing specifications, a penetration of 40 to 45 at 250 
C. was decided 011 as a standard.

In all these experiments a standard Dow penetra
tion machine was used for the penetration tests. 
For determining ductility, the author constructed a 
device w ith which the material was tested under 
water at any desired temperature. This apparatus 
consisted of a zinc-lined water-tight trough, 2 meters 
long, 13 centimeters wide, and 7 centimeters deep. 
The inside was given a heavy coating of white enamel 
paint. This white background enabled the operator 
to determine the exact moment of rupture of the 
asphalt. In one end of this trough ■ a small hook 
was fastened, in the other a small pulley. A  reel, 
manipulated b y  an ordinary crank handle and carry
ing a light strong cable, was set up over the trough 
on a framework near the pulley. This cable ran 
over the pulley and reached to the opposite end. A  
standard Dow mold was used in this machine, one  ̂
end hooked to the end of the box, the other to the 
cable. When the cable was wound up on the reel 
the mold was pulled apart. On the bottom  of this 
trough two strips, 1 centimeter high, were fastened 
just far enough apart to permit the mold to slide 
between them. They were graduated in millimeters 
and Served as a means of guiding the moving erid of 
the mold, thereby ensuring a straight-away pull.

They also permitted the result of a test to be read off 
directly. When a test was to be made, the trough 
was nearly filled with water of the desired tempera-, 
ture, o°, -25° or 46° C. The mold containing the 
asphalt was placed in position and allowed to remain 
twenty or thirty minutes. The water was stirred 
constantly in order to maintain a uniform tempera
ture in all parts of the trough and to bring the asphalt 
to the temperature of the water. The reel was then 
turned until the asphalt pulled apart and the dis
tance it stretched read off directly.

Penetration is recorded in degrees Dow, equivalent 
to hundredths of a centimeter. D uctility is recorded 
in centimeters. Both ductility and penetration were 
determined according to D ow ’s directions.

H eating the asphalt to a high temperature causes 
a  loss of volatile m atter which is accompanied by a 
decrease in ductility and penetration, though in no 
definite ratio.

The three temperatures at which these tests are 
made are supposed to represent approxim ately the 
different temperatures a pavement would be obliged 
to withstand.

When the Obispo refined asphalt was heated for 
15 hours at a temperature of 163-1650 C. in an air 
bath, as prescribed b y  the paving specifications, it  
lost 2.12 per cent, in weight. The samples weighed 
20.0526 and 20.0812 grams, respectively; There 
was no moisture in this asphalt.

Table I gives the ductility and penetration figures 
on Obispo refined asphalt, showing the per cent, of 
loss due to the heating which caused the above-men
tioned loss of weight:

T a b l e  I .— O b is p o  R e f i n e d  A s p h a l t .

D uctility. Penetration.

A t 0° C. A t 25° C. A t 4 6° C. A t 0° C. A t 25° C. A t4 6 °  C. 
Before heating 0 .2  5 .2  2 0 .0  2 .0  9 .0  3 3 .0

4 .2  0 .0  0 .5  5 .0 '
19.0% 100.0£ 94 .44# 84 .84#

After heating 0 .0  0 .2
L o s s . . . .   100,0# 96.15#

B y  fluxing 102 grams of Obispo refined asphalt 
with 42 grams of Obispo flux; an asphaltic cemfent 
was obtained which had a penetration of 45 at 25° 
C. The ductility could n o t ' be accurately deter
mined, as the material persistently adhered to • the 
amalgamated brass plate upon which the mold was 
poured.

For heating the asphaltic cement an open-air bath 
arrangement was used. I t  was constructed in a w ay 
which'allowed the asphalt container to rest on a false 
bottom, and this served to keep it outr o f direct con
tact with the flame of the burner. I t  was possible 
to stir the m ixture a t all times. Since a thermom
eter was used for this purpose, i tw a s  easy  to keep a 
very close w atch on the temperature.

Table II shows the variation of ductility and pene
tration of the Obispo asphaltic ceineiit after being 
heated to different temperatures: . ■
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T ablet  I I .-t- O b is p o  A s p h a l t ic  Ce m e n t .

D uctility. Penetration.

A t A t A t At A t. . A t
0° C. 25° C. 46° C.

OoO

25°>C. 46° C.
H eated to 130° C . . . 0 .9 33 .5 64 .6 7 .0 3 9 .0 106.0
H eated to 150° C. „. 0 .7 , 27 .2 47 .8 6.0 29 .0 102.0
Heated to 175° C . . . 0 .4 19.0 4 3 .0 5 .0 2 5 .0 73 .0
Heated to 200° C . . . 0.1 15.0 4 0 .0 4 .0 2 1 .0 68.0

The ductility here recorded 011 Obispo is relatively 
very high. Trinidad and Bermudez, the so-called 
best asphalts, did not show such high figures. There 
was this difference. In the case of the two latter 
asphalts the “ b o d y”  of the mold stretched and seemed 
to be “ rubbery.”  W ith Obispo the material pulled 
out to a  fine thread, and- this thread stretched out 
until it  was so fine it could scarcely be seen even against 
the white background. The “ b o d y ”  in this case 
showed no tenacity or ductility.

Trinidad refined asphalt was a fairly hard grayish 
black material with no luster and an odor like freshly 
plowed earth. A t  different temperatures it behaved 
as follow s:

A t 0° C. Brittle, crumbled rather easily No odor.
From 5-10° C . ' Slightly brittle, not “crumbly”  Faint earthy odor.
From 20-25° C. Less brittle, not “crumbly’' Stronger odor.
From 45-50° C. No apparent change Same odor.
From 65-70° C. Began to soften Same odor.
From 102-108° C. Entirely melted Disagreeable odor.
From 120-125° C. Consistency of molasses, showed

stringy or fibrous when stirred Same odor.
From 150-155° C. Slightly mobile, odor similar to ' 

a mercaptan; (Later qualita
tive test showed the presence of 
both nitrogen and sulphur.)

From 170-175° C. Very mobile Very strong odor.
(It is very probable that the in
corporated mineral matter pre
vented this asphalt from show
ing the same degree of mobility  
as the Obispb, at approximately 
the same temperature.)

A t 208-210° C. Flashed
A t 233-235° C. Burned

For fluxing this refined asphalt a heavy petroleum 
residue was used. I t  was a viscous greenish black 
oil having an odor much like cylinder oil. Its specific 
gravity  was 0.9782.

Table III  shows the results obtained by treating 
the Trinidad refined asphalt in the same manner as 
the Obispo refined asphalt. The samples weighed 
20.2276 and 20.1102 grams, respectively. There 
was no moisture in this asphalt:

T a b l e  III.— T r in i d a d  R e f i n e d  A s p h a l t .

Ductility. Penetration.

A t A t A t A t A t At
0 °C . 25° C. 46° C. 0 °C . 25° C. 46° C.

Before heat
ing,   0 .1  1 .8  8 .0 .  0 .75  1.5  11.0

After heating 0 .0  0 .2  0 .75  0 .0  0 .2  1.0
L o s s . . . . . . . .  10010# 88 . 88# 90 .63# 100.0# 8 6 .66# 90.9#

The low penetration figures here recorded are ac
counted for, in part a t least, by the presence of min
eral m atter in the asphalt. This would prevent the 
needle of the machine from sinking into the material 
as far as it would otherwise.

M ixing 135 grams of Trinidad refined asphalt 
with 19 grams of the fluxing oil, produced an asphal
tic cement w ith ^  penetration of 40 and a ductility of 
24 at 250 C. I t  was necessary to heat this asphaltic 
cement to 130° C. in order to get a thorough mixture.

Table IV  shows the results on this asphalt, when 
heated to various tem peratures:

T a b l e  I V .— T r in i d a d  A s p h a l t ic  Ce m e n t .

D uctility Penetration.

At A t A t At A t A t

o o p 25° C. 46° C.

Üo 25° C. 46° C.
Heated to 130° C. . 1.3 24 .0 29 .3 4 .0 40 .0 165 .0
H eated to 150° C . . . 0.2 20.8 2 9 .0 4 .0 2 4 .0 104.0
H eated to 175° C . . . 0 .1 15.6 28 .8 3 .0 20.0 85 .0
H eated to 200° C . . . 0.1 10.6 23 .0 2.0 14.0 6 2 .0

D uctility and penetration are the necessary char
acteristic properties of an asphalt which make it 
valuable as a paving material. I t  is these proper
ties which prevent a good asphalt pavem ent from 
cracking up in the winter or from becoming so soft 
in the sum m er-that traffic tends to wear it off the 
crown of the street into the gutters. So, if these 
properties are decreased, the efficiency of the asphalt 
as a paving material would be seriously impaired.

There are certain streets in Lincoln, Nebraska, 
where the asphalt pavem ent has deteriorated much 
more rapidly than it should. A t  the time these streets 
were paved the writer was testing the asphalt for the 
city  engineer. The mixing tanks were known to have 
been heated to a  temperature which caused the 
asphaltic cement to flash and bum . A t  other times 
the m ixture of asphaltic cement and sand, even 
after it was dumped into the street from the wagons, 
showed a tem perature' above 200° C. The hottest 
load was 220° C., or 428° F . The exact location of 
these overheated portions were noted and they are 
now the worst spots in the street. So in this case 
the results obtained in the laboratory were confirmed 
b y  actual outside observation.

T a b l e  V.— S o l u b i l i t y  o f  O b is p o  a n d  T r in i d a d  A s p h a l t s .

Per cent, asphalt Mineral matter Per cent, organic 
soluble. in asphalt. matter soluble.

Trini Trini Trini
Solvent used. Obispo. dad. Obispo. dad. Obispo. dad.

A cetone..................... 45 .83 14.14 0 .43 34.93 46 .02 21.73
B en zo l....................... 99.45 65.01 0 .43 34 .93 99.87 99 .9
Carbon bisulphide.,. 99.53 65.05 0.43 34.93 99.95 99.96
Chloroform............... . 99.55 60.77 0.43 34.93 99.97 93 .39
Ether (ethyl)........... . not det. 44 .87 0.43 34.93 not det. 68 .95
Ligroin (0 .7 1 0 ) . ..  ., 68.88 40 .4 0 .43 34.93 69.17 62 .08

The testing of the solubility of asphalts in various 
organic solvents was taken up as a preliminary to an 
attem pt to determine the constitution of the so-called 
“ Asphaltene” and “ Petrolene." Comparing the lest 
two columns on the right, it would seem that there 
is a great difference in. the constitution of the organic 
m atter of there two asphalts. The, per cent, of min
eral m atter here recorded as constant is the average 
obtained by various methods both direct and indi*
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rect with and without oxidizing agents on many 
samples of each asphalt.

All the common methods of extracting the solu
ble portions of an asphalt were tried and set aside. 
Some were accurate, but too slow; others were fairly 
rapid but finally divided mineral m atter would
get away. The following extraction apparatus was
found to work better than any of the others, consider
in g  both time and accuracy.

Glass tubes 6 centimeters long and 2 centimeters 
in diameter were obtained. A t  one end of each of 
these tubes was a slight constriction which produced 
a rim (see illustration). Over this rimmed end a 
C. S. &  S. filter paper, No. 589 “ Blue Ribbon,” was 
placed. Over this, a C. S. & S. filter paper, No. 575, 

was laid. The two papers were then firmly 
and carefully pressed down over the end 
of the tube and securely fastened with
platinum wire. (Copper wire was later found 

( to be just as satisfactory.) The superfluous 
paper was then clipped off close and the 

capsule thus formed extracted with the solvent which 
was to be used on the asphalt. Three or four of 
these capsules could be prepared a t a time and the 
extraction allowed to proceed while the attention 
was directed elsewhere.

The tube with its weighed sample was then placed 
in a Soxhlet extractor having ground glass joints. 
In the lower part of the Soxhlet a  piece of sealed 
and weighted glass tubing was placed. This tube 
served a double purpose. I t  supported the capsule 
so that about half of it  was above the top of the curve 
of the siphon tube of the extractor, and it displaced a 
large volume of the solvent thereby causing the ap
paratus to siphon over more often. The small amount 
of solvent needed enabled the operator to control 
easily the volatilization and re-condensation on the 
sample.

In these tests small samples, never more than 1 
gram, were used, as it was found the best results 
were obtained with samples of such weight and less 
time was required for extraction. The samples were 
not pulverized, those powdered showing a tendency 
to “ cak e” and clog the filter. This made it more 
difficult to dissolve out the incorporated organic 
matter.

W ith this apparatus very accurate duplicate re
sults were obtained. The amount of mineral m at
ter recovered b y  evaporating the solution and ignit
ing the residue was not sufficient to cause any ap
preciable change in the percentage figures.

The writer is indebted to the city engineer for the 
samples of asphalt and for the paving specifications; 
also to the Globe Asphalt Company, of Pittsburg, for 
samples of their products.

The author wishes to take this opportunity of ex
pressing his most sincere and hearty thanks to Chan

cellor Samuel A very, of the U niversity of Nebraska, 
for his kind advice which was offered at the most op
portune moments and which proved of so much value. 
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ON THE FORMATION OF CARBENES.
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Received March 2, 1910.

Since the appearance of the note on a  constant- 
level reservoir,1 the writer has received sundry in
quiries regarding the last paragraph; it seems there
fore advisable to give the investigations that pro
duced that statement. This article is not to be con
sidered exhaustive b y  any means, but only gives 
results and hints in the hope that other workers 
m ay take up the problem, and give us results that 
m ay help to a better understanding of this subject.

A s early as May, 1905, it was noticed b y  the writer 
that although carbenes in an asphalt are represented 
by the difference between the amounts soluble in 
CS2 and CC14, nevertheless when the carbenes are 
separated and dried, only a portion is then soluble in 
CS2, showing that a change takes place which renders 
them insoluble in CS2, and only slightly more so in 
CH C13; this change being brought about either by 
drying, or some other unconsidered cause, such as 
the free action of daylight. I t  is stated b y  A. S. 
Cooper, formerly State Mineralogist for California,2 
that b y  the action of daylight asphalt undergoes 
polymerization, and certain portions are rendered 
less easily dissolved than before the action of light. 
Some work was done along these lines, but was 
temporarily abandoned on account of other and 
more pressing business, so it was not until early in 
1909 that it was taken up again. A t  this time it was 
noticed that certain other laboratories with which 
the writer had been able to compare results 
had not agreed with his own results when deter
mining carbenes by Clifford Richardson’s carbon 
tetrachloride method, while other laboratories es
tablished and controlled b y  the wrriter were in fair 
agreement. This led to investigation, and it was

1 J . Am. Chem. Soc.. 31, 1052.
2 Bull. 16, Cal. State Mining Bureau, p. 18.
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found that the chemist consistently finding a larger 
amount of carbenes than he, was in the habit of stand
ing his solutions of bitum en in CC14 in beakers, on a 
glass shelf, placed half-way up a window having a 
northern exposure.

The following experiments were then made: A  
kettleful of Durango when melted, was thoroughly 
stirred and portions taken from the top, middle and 
bottom, and dissolved in CS2 and CC1„  then filtered:

Top. Middle. Bottom .
Per cent. Per cent. Per cent.

Bitumen by CS2  9 9 .1  99.3  99 .6
Bitum en by CC14  94 .8  9 4 .4  94 .3

Another and larger portion was taken from the same 
kettle, and from this samples were submitted to several 
chemists, with the following results:

Per cent.
Associated results:
Soluble in carbon tetrachloride...................................... 94.8
Soluble in carbon tetrachloride............... ...................... 9 5 .1
Outside results:
Insoluble in carbon tetrachloride..........................   10.8
Insoluble in carbon tetrachloride................................ 11.2
Insoluble in carbon tetrachloride.  ............................  11.9
Insoluble in carbon tetrachloride................................ 13.6

From our own sample (which gave 98.9 per cent, 
soluble in CS2), two portions, of about a gram each, 
were covered with 100 cc. of CC14 in an Erlenmeyer 
flask, one being set on a window ledge and the other 
in a cupboard in the photographic dark room. These 
were filtered next day, and amounts soluble obtained:

(а) Exposed in window, 85.3 per cent., or 13.6 
per cent, carbenes.

(б) Stood in cupboard, 94.9 per cent., or 4 .0  per 
cent, carbenes.

Showing an increase of 9.6 per cent, carbenes due 
to the light.

I t  was considered possible that temperature might 
have had some effect, so two more fresh portions 
were covered with 100 cc. of CC14 and both stood to
gether on the window ledge, but one was fitted with 
a close-fitting sheath of black paper. The results 
next d ay were:

(c) Unsheathed flask, 83.7 per cent., or 15.2  per 
cent, carbenes.

(d) Sheathed flask, 93.8 per cent., or 5 .1  per cent, 
carbenes.

Here we have a difference of 10 .1 per cent, car
benes due to light.

The filtrates from these two samples .w'ere allowed 
to stand, both unsheathed, on the regular CC14 shelf 
in the analysis room in subdued light for a day, and 
then filtered:

(e) F iltrate from (c) gave additional carbenes, 
0 .5 per cent, of original amount taken.

(/) F iltrate from (d) gave additional carbenes, 
3 .3  per cent, of original amount taken.

This seems to show that the carbenes were con
tained in the sheathed sample and only needed the 
light to bring them into evidence.

The filtration was done without any precautions 
against light, and the filtrates were allowed to stand 
for three days in the dark and again filtered:

(g) F iltrate from (e) gave additional carbenes, 
0 .6 per cent, of original amount taken.

(h) Filtrate from (/) gave additional carbenes,
1 .6  per cent, of original amount taken.

These carbenes might have been produced during 
filtration, and probably were, so the- filtrates from 
(g) and (h) were stood in full sunlight for three hours, 
and 011 filtering:

(i) F iltrate from (g) gave 2.3 per cent, additional 
carbenes.

(j) F iltrate from (h) gave 7 .9  per cent, additional 
carbenes.

Thus it m ay be seen that the total amount df car
benes obtained from the two original samples, (c) 
and (d), differ to the amount of only 0 .7  per cent.

To further investigate the possible effect of tem
perature the mode of procedure was slightly changed; 
three samples were taken from the original can of 
supply, covered with 100 cc. of CC1., iri three Erlen
meyer flasks; the flask sheathed in black paper was 
further covered with white paper, another with white 
paper only, and the third left uncovered. All three 
flasks were placed on a board and set in full sunlight 
for 6 hours, and filtered:

(k) Unsljeathed flask, soluble in CC14, 76.2 per 
cent, or 22.7 per cent, carbenes.

(I) W hite paper only, soluble in CC14, 84.4 per 
cent., or 14.5  per cent, carbenes.

(m) W hite and black paper, soluble in CC14, 93.5 
per cent., or 5 .4  per cent, carbenes.

Only the filtrate from (m) was saved, and that was 
set in the dark for two months, and on filtering gave: 

(n) Additional carbenes 2 .5  per cent, of amount 
taken for (m).

A  further standing for two months, in the dark, 
of the filtrate from (n) gave:

(0) Additional carbenes 0 .4 per cent.; b u t on al
lowing the filtrate from (o) to stand in full sunlight 
for only twro hours we obtained:

Additional carbenes 10.4 per cent.
Even a t this the total amount of carbenes did not 

come up .to the amount obtained in one setting in 
the sun, as in (k).

I t  was considered possible that the effect might 
not be due entirely to the CC14, and so a fresh sample 
of the material was spread as thinly as possible on a 
piece of glass and exposed to full sunlight for ’] l/2 
hours. About a gram of this was weighed out, and 
also the same amount of the fresh material, and sub
jected to the regular operations:

Regular method, soluble in CC14, 93.4 per cent., 
or 5 .5  per cent, carbenes.

Exposed asphalt, soluble in CC14, 93.7 per cent., 
or 5.2 per cent, carbenes.
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It  is evident the CC14 is partly, at least, responsible 
for carbenes.

A  further examination by fusing some of the car
benes obtained with a fusing mixture showed the 
presence of chlorine in them, a  blank determination 
with the same chemicals showing none.

H aving reached this point, we desired to know 
the reliability of results formerly obtained, so we 
used two samples that had been reported thus:

Per cent. Per cent.
Test No. 10790. 10792.

Bitumen by  carbon bisulphide.. ..........  99 .5  99.5
Bitumen by  carbon tetrachloride  99 .7  99.5
Penetrometer at 77° F ................................. 34° 54°

Weighed portions of these two samples were dis
solved in ioo cc. of CC14 and allowed to stand for 6 
hours in full sunlight and then filtered:

10790 bitumen by CC14, 89.4 per cent., or 10.1 
per cent, carbenes.

10792 bitumen by CC14, 93.7 per cent., or 5.8 per 
cent, carbenes.

It  was here that the effect of penetration was noticed, 
as the above results show that the harder asphalt 
contained the larger amount of carbenes, the other 
conditions being identical, or nearly so.

Carbenes are generally supposed to be produced 
b y  overheating asphaltic oils during their condensa
tion into asphalt, and experiments were conducted 
along these lines. For this purpose three samples 
of an asphaltic oil were heated at 400° F. until they 
came to asphalt:

Sol. in CCIV 
Penetrometer. Per cent.

Sample No. 1 ......................................  51 99 .8
Sample No. 2 ....................................  25 99 .4
Sample No. 3 . . . .............  21 99.5

Fresh portions of these three samples were dis
solved in CC14 and exposed to direct sunlight for 6 
hours and filtered:

Per cent.
Sample No. 1...............................................  98 .9
Sample No. 2 ...............................................  98.2
Sample No. 3 ...............................................  98 .9

The filtrates were treated the same way, and gave:

Per cent.
Sample No. 1   ....................... 9 7 .0
Sample No. 2 ....................................   94 .8
Sample No. 3 .............................................  94.1 *

It is apparent that asphalt made b y  evaporation 
at a com paratively low temperature does not suffer 
the decomposition that produces carbenes, and tends 
to confirm the theory that they are the result of 
“ cracking”  in the stills; but the action of light will 
still produce them, Especially when it is run down to 
a low penetration.

Three samples of Durango that had been dissolved 
in CS2( decanted, and the bitumen recovered from 
solution and heated to 300° F., were examined for 
their solubility in CC14, w ith the following results:

Before After
treatment. treatment.
Per cent. Per cent.

Test No. 10615. Soluble in CCl*   99 .2  99 .4
Test No. 10615. Soluble in CCl4  99 .2  99 .4
Test No. 10706. Soluble in CCU  92 .3  92 .8

I t  will be noticed that the second sample is a dupli
cate of the first.

I t  does not appear that the solubility of an asphalt 
in CC14 is affected b y  dissolving it in CS2, and subse
quently recovering the bitumen.

Satisfactory results were not obtained from re
fined Trinidad asphalt, on account of the extrem ely 
fine mineral matter, so a sample of the Trinidad asphalt 
was dissolved in CS2, filtered, and the filtrate swung 
in a centrifuge, the solvent evaporated, and the' resi
due heated to 300 ° F., this being the same treatment 
given to the above samples. Test Nos. 10615 and 
10706.

■ The following results were obtained:
Bitumen b y  carbon bisulphide, 99.7 per cent.
(a) Soluble in CC14 after exposure to sunlight for 

i5 Y 2 hours, 73.9  per cent., or 25.8 per cent, carbenes.
(b) Same as (a) except flask sheathed in white over 

black paper, 99.3 per cent., or 0.4 per cent, carbenes.
(c) F iltrate from (a) after 6 months in subdued 

light, carbenes, 2 .5  per cent.
(id) F iltrate from (i>) after 6 months in cupboard, 

carbenes, o . 5 per cent.
Filtrate from (c) after sunlight for 71/., hours, car

benes, 4 .0  per cent.
Filtrate from (d) after sunlight for 7 ‘/ 2 hours, car

benes, 17.0  per cent.
These results appear to subvert the “ formation 

by cracking”  theory, and narrow the question down 
to one of penetration and. actinic light. To verify 
the latter, two fresh . portions of the bitum en ex
tracted from Trinidad refined asphalt were dissolved 
as usual in 100 cc. of CC14, and the flasks put in two 
tin boxes, made for the purpose, having one side, 
respectively, of red and blue glass; these were ex
posed to full sunlight for 15l/2 hours and watched 
so that the sun’s rays fell on the solutions through 
the glass a t all times; filtered:

(a) Exposed to red rays gave carbenes, 0.8 per 
cent.

(b) Exposed to blue rays gave carbenes, 16.6 per 
cent.

In the case of (6) the flask, after exposure, was 
stained by the solution on the side next to the light 
to a dull brown, but hardly stained on the opposite 
side at a ll ; it  was nearly all removed by CC14 with a 
feather; the flask (a) was not stained, and washed 
clean. The filtration of these samples was done in 
the dark room under red light, and there the filtrates 
were allowed to stand in their respective colored 
boxes for six months nearly, when they were again 
filtered in the dark room:
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(c) F iltrate from (a), additional carbenes, 0.8 per 
cent, of original amount taken.

(d) F iltrate from (b), additional carbenes, 3.2  per 
cent, of original amount taken.

The filtrates were exposed to sunlight for 7 hours 
and filtered:

(e) F iltrate from (c), additional carbenes, 15.9  
per cent, of original amount taken.

(/) F iltrate from (d), additional carbenes, 6 .7  per 
cent, of original amount taken.

The filtrates were again exposed to sunlight for 7 
hours, but the sun was obscured nearly all the time; 
filtered:

F iltrate from (e), additional carbenes, 2 .4  per 
cent, of original amount taken.

Filtrate from (/), additional carbenes, 2 .0  per 
cent, of original amount taken.

These results cannot be called satisfactory, inas
much as the total amount of carbenes in each case 
are not the same, as one would logically expect them 
to be. However, more work will be done on these 
lines.

I t  has been noted above that a sample of asphalt 
showing no carbenes b y  our regular method, would 
display them is exposed to light; and it was wondered 
if the reverse would be true, so a sample that showed 
82.2 per cent, soluble in CC14, though the.penetration 
was 8 10 Penr., was dissolved in 100 cc. of CC1., and 
allowed to stand for the regular time of 18 hours, 
all operations, after weighing, being conducted in 
the dark room. A fter filtering in the dark we obtained:

Soluble in CC1„  92.8 per cent.
So even light cannot produce carbenes unless the 

conditions áre favorable. Investigation along these 
lines were discontinued for the present, but continuing 
the subject of penetration, experiments were con
ducted on Gilsonite, using 100 cc. of CS2 and CC14, 
and exposing to full sunlight for 7 hours:

Sol. in CS2. Sol. in CC14.
(a) Screened from light..................  9 9 .9  99 .6

• ( 6) Unscreened from light.................. 9 9 .9  4 8 .0

The filtrates from the CS2 solutions were further 
exposed under the same conditions for 20 hours, 
but there was no change, except that the flask above 
the solution was stained brown. The filtrate from 
CC1., solution (a) was exposed to full sunlight for 7 
hours and filtered:

Per cent.t
Soluble in CCU..........................................  76.7

The carbenes in these cases appear gelatinous, 
and apparently quite different from the carbenes
from Durango grade of asphalt; this quality makes 
them very hard to filter. During the process of 
investigation of this material, carbenes of a brown 
color were obtained, but these results are not yet 
ready for publication.

Some observations relating to the CC1, used m ay

be of interest, and lead to results throwing more light 
on this subject. During the distillation of solutions 
of bitumen in CC14, to recover the solvent, it has been 
noticed that IICl is evolved if water is present, the 
residue in the flask becomes quite brittle when the 
solvent is evaporated, and the sides of the flask used 
for distillation show the characteristic “ carbene 
xing.’ ' The evolution of IICl is more marked when 
a  copper still is used. A  piece of blue litmus paper 
suspended over a solution of bitumen in CC14, espe
cially when in the sunlight, is quickly reddened; again, 
if a sample of the CC1, itself is exposed for a length of 
time in a stoppered bottle to sunlight, it will separate 
into two layers, the upper one about i per cent., 
yellowish, watery, and acid; and blue litmus paper 
is reddened. This layer, however, is not IICl, as it 
gives a buff, flocculent, not curdy, precipitate with 
silver nitrate.

SUMMARY AND CONCLUSIONS.

I t  cannot be affirmed that carbenes are altogether 
formed during the production of asphalt from petro
leum in a still, but that they are due:

(i)  To a concentration, or hardness, produced 
under circumstances about which we can only theorize 
until we acquire greater knowledge; and,

•(2) To a condition effected in the asphalt which when 
a suitable agent (in this case chlorine) is introduced, 
renders by combination a portion insoluble and brit
tle; the action is probably analogous to the forma
tion of “ acid sludge”  in the refining of distillates by 
sulphuric acid; and,

(3) To the action of actinic light on solutions of 
bitumen in carbon tetrachloride, or on the tetra
chloride itself, when chlorine is liberated, and is taken 
up b y  the unsaturated hydrocarbons forming an in
soluble combination.

LATER NOTE.

We are glad to see from Mr. M ackenzie’s excellent 
article in the April number of T h i s  J o u r n a l  that he 
has been able to verify in a great measure our own re
sults, and hope that this publicity m ay lead to some 
method of knowing and determining accurately these 
vexatious carbenes.

W e would like to further state that following a sug
gestion of Mr. Ralph Martin it is now our practice to 
filter our re-distilled CC1., through a layer of CaCl2, 
which seems to sweeten it considerably.

Another hint we have recently received from Mr. E. 
O. Heinrich, City Chemist of Tacoma, Wash., is that 
the formation of H C1 is possibly due to the presence 
of CHCI3 in the CC1,, derived during m anufacture,1 a 
reaction being set up under the influence of sunlight, 
in accordance with the equation:

CC1( and CHC13 —  H C1 and C2C10.
1000 Date St ., Los A ngeles. Cal.

Feb. 24, 1910.

* Richter’s Org. Chem., Vol. 1, p. 386.
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Plate I.

self spends a large part of his life in the chemical 
laboratory.

I. Vmtilation.— It is not the purpose of this paper 
to deal with the latest improved ventilating and 
tempering machinery installed in some of our giant

advantage of a laboratory ventilating stack, as re
gards draught, as compared to the stack of a heating 
plant, due to the former’s small difference of tempera
ture within and without. I t  is for this reason that

1 Engineering Magazine, February, 1908,

plants and buildings. A n y  one interested therein 
m ay be referred to an article on that subject b y  P. 
R . Morse.1 The discussion will be confined to ven
tilation by natural forces which, when properly con
ducted, will be shown to be more efficient than the 
often defectively installed mechanical means in small 
establishments.

A t  first sight this subject-m atter m ight appear al
most too trivial for a treatise, were it not for the fact 
that complaints of the working chemists are univer
sally to the effect, that under certain conditions’*of 
wind or weather the hoods return the fumes into the 
working room. These facts at once lead to the con
clusion of faulty arrangements in the system of ven
tilation, incidental to the neglect of applying some 
of the elementary laws of physics b y  our architects. ■ ' j

Before analyzing the forces which we must utilize 
or eliminate in the most economic application T’ of 
natural ventilation, we must recall to mind the dis-

rorn
C hem ical (_A to«A r0ftr.

THE HYGIENE OF THE SMALL CHEMICAL 
LABORATORY.
B y E d w a r d  K e l l e r .

Received February 23, 1910.

In perusing the literature on factory-practice of 
recent years, one is struck by the widespread ten
dency, expressed therein, to improve the environ
ment of the working people in all fields of industry. 
Y et, it  is too well known that this problem had been 
neglected for generations. The chemical laboratories 
have retained, on the whole and in contrast with the 
modern industrial plants, much of their mediaeval 
aspect; they generally are full of dense fumes and 
noisome odors. Consequently, it m ay be asserted 
that the chemist m ay be made a better paying indi
vidual by establishing for him favorable and agree
able surroundings where these do not pre-exist; even 
though one making such an assertion be suspected 
of humanitarian motives, for the reasons that he him-

jScction AB



K E L L E R  ON H Y G I E N E  O F  T H E  S M A L L  C H E M I C A L  L A B O R A T O R Y . 247

wind and weather play such an im portant part in 
its operation. If a certain wind blows down through 
the stack and drives the fumes from the hood into 
the laboratory it  is not because either east, west, 
north, or south wind has the tendency to turn at 
right angles downward. The wind, like any other 
body in motion, will pursue a straight course, unless 
deflected b y  some other force. It  has the peculiarity, 
b y  blowing over an opening of an enclosed space, 
to exercise suction or to create within that enclosed 
space a partial vacuum , while b y  its velocity-im pact 
it creates a  pressure which increases with approx
im ately the square of the wind-velocity. I t  now 
becomes self-evident that where the described troubles 
exist, the stack is offering to the wind a course of 
least resistance, which again can be due only to a 
lower atmospheric pressure inside than out, i. e., 
a partial vacuum  existing in the stack and the ad
joining room, caused by the suction of the wind in 
blowing over an open door or window of the respec
tive room. For b revity ’s sake, the impact-pressure 
of the wind m ay be called the plus-pressur^ while

the vacuum  pressure must accordingly be termed 
minus-pressure.

I t  so happens that very  few laboratories, or for 
th at m atter any rooms, are exposed to the winds in 
all directions of the compass. Therefore, when the 
wind blows from the direction of the sheltered or 
protected side and there are open doors or windows 
on the opposite side, there naturally results minus- 
pressure in the room, with consequent backdraught 
in hood and stack. I t  thus becomes clear th at in 
order to obtain reliable ventilation, with constant 
plus-pre^sure in a room, we m ust permanently en
gage the force of the winds by arranging our ventila
tors in such a manner that a t all times there will be 
an air receiver in the wind direction, or to have w hat 
is known as an injector.

In the writer’s laboratory building, skylights have 
been placed in the four main directions of the com
pass, two of which open directly into the laboratory, 
while the other two are connected over the ceiling 
of other rooms. T hey can handily be raised and 
lowered from the laboratory and they have the ad

P l ATE I

A i r - s h a f t  W it h  S wing-to p  In take
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vantage over the ordinary windows in that the draught 
from them is less perceptible by delicate people and 
that it less disturbs the gas flames on the working 
tables.

Where windows or skylights 011 all sides of a room 
are impossible, the difficulty of introducing the plus- 
pressure,- at all times and autom atically, m ay be over
come by a device as shown in Plate II, Fig. 1 an " in 
jector.” 1 According to the size of the room, one or more 
airshafts or pipes, S , m ay lead from the roof or through 
the side-walls into it. These shafts or pipes are capped 
with swingtops, having a funnel-shaped mouth, A , 
and a vane, D, which keeps the mouth turned towards 
the wind. The ingress of the air into the room m ay 
be regulated by one or more registers H.

This principle of ventilating by the wind-pressure 
is generally carried out on all kinds of maritime vessels, 
although not b y  automatic injector swingtops, and it 
is surprising that architects should not have made 
more general use of it  in buildings where perfect sani
tation is a prime requisite. The principle of suc
tion by the wind is found more frequently applied, 
as is noticeable b y  the suction swingtops on chimneys, 
and other forms of “ ejectors”  on the roofs of build
ings and railway cars.

Naturally, the most efficient method for displacing 
the air in a room is by a combination of the pressure 
and suction principles. As to the choice between 
the two, it will hereafter be demonstrated th at the 
former is from four to seven times as efficient as the 
latter.

T h e proper principles for the natural ventilation 
of the chemical laboratory demonstrated and estab
lished, it merely becomes a question of hood-capacity 
to obtain a perfectly sanitary atmosphere. Plate II, 
Fig. 2, shows the design of a hood from which, w ith a 
little attentive regulation of plus-pressure in the room, 
there is never the slightest issue of fumes or odors. 
The essential features of this hood are, a double wall 
in the back with six inches of free space between them; 
the free space directly connected b y  its full trans
verse section with a stack of 4 ft .2 inner cross section 
and 25 ft. height, therefore no en tiy  of dust into the 
hood from this side; openings, or vents, »along the 
slanting roof-line and along the table-line, connecting 
the hood with the free space between the rear walls 
and with the stack. Especial attention m ay be 
called to these two rows of vents, as the arrangement 
permits heavy fumes to enter the flue at the base, 
where the force of the draught is the same as along 
the roof, and as it also appears to prevent whirling 
motions inside of the hood by which fumes are some
times cast out through open doors in front. The hood, 
furthermore, has vertically sliding, balanced doors 
and two compartments, one of which contains heating

1 The writer subsequently discovered that this principle, and various 
mechanisms pertaining thereto, were much patented some tw enty years 
ago.

plates, and the other the hydrogen sulphide generator 
and sufficient space for filtrations or other special 
work.

A n y heating apparatus in the hood will aid the 
draught in the stack. In some laboratories one finds, 
for that reason, a gas flame placed in the latter.

In order to prove the superior efficiency of wind- 
pressure over such small heating appliances, as just 
mentioned, for the creation of draught, Table I has 
been compiled. I t  shows a comparison of pressures 
b y wind-velocity and the same pressures caused by 
internal and external temperature differences in stacks 
of various heights. The left-hand portion of the 
table, showing definitions of winds, their velocities 
and corresponding pressures, is taken from “ Com
pressed A ir and Its Applications,”  b y  Gardner D. 
Hiscox, New Y ork, 1901. The right-hand portion of 
the table, having in common the pressure column 
with the left, shows the temperatures which are neces
sary, in stacks of 25, 50 and 100 feet heights, to pro
duce pressures equal to those produced b y  the winds. 
These temperatures have been calculated by the 
writer according to the following factors and the de
duced formula:

w — weight of external air column at 70° F., nor
mal barometer and height of stack. 

w„ =  weight of . internal air column.11 o
p =  wind-pressure; pounds per square foot, 
a  =  coefficient of expansion of gases for x° F., 

(assumed to be constant).
ta — external temperature, arbitrarily taken at 

70° F.
tn =  temperature difference between internal and 

external air columns. 
tx =  tem perature sought.

w - w n - P l  ( j |  =  7 ~+~a~tJ ;

w

*n a(w —  p) ’ (<n l'x ta) ’

P
K =  L  +  / —  .* 0 a(w  —  p)

When w =  p, or w —  p — o, we have the theo
retical m aximum of natural draught; then tx —  00 • 

None of the oregoing figures express directly the 
am ount or strength of the draught, which is sim ply 
a function of the air pressure at the base of the stack, 
regardless of the origin of this pressure. From the 
wind velocities in Table I we may, therefore, draw 
direct conclusions as to the draught caused by tem 
perature differences which show identical pressures 
with the wind velocities. There being com paratively 
little friction in hood and stack to overcome b y  the 
air current, it appears safe to assume that 50 per 
cent, of the wind-velocity is converted into draught,
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and taking as. an example, from our Table I, the case 
of a strong breeze with 880 ft. velocity  per, minute, 
the draught in, the stack would be 440 ft. pe,r minute, 
or the volume of air passing through our stack during 
the working day of 10. hours would be 1,056,000 ft .3 
To obtain the same draught by heating the air in our 

'25 ft. stack, an increase of temperature of (251.56-70) 
18 1.56° F . would need be maintained in the stack.

T a b l e  I.— Co m p a r is o n  o f  W i n d -p r e s s u r e s  -w it h  C o r r e s p o n d in g  P r e s 
s u r e s  Ca u s e d  b y  D i f f e r e n c e  q f  T e m p e r a t u r e  in  S t a c k s  o f  V a r io u s  
H e ig h t s .

Velocity.

Observed 
character o f  

the w ind.

Barely observed... 
Just perceptib le...
Very lig h t.  .........
Light breeze...........
Fair breeze.. . . . . .
Very fair breeze...

Fresh breeze.

Strong breeze.

v. p S
2 ° tJ’S 
£

1 88
2 176
3 264
4 352
5 440

. 6 528
7 616
8 704
9 792 

10 880
• 11 968

12 1056
13 1144
14 1296

Stiff breeze.............  15 1320
16 1408
17 1496
18 1584
19 1672
20 1760

Very brisk................ 25 2200
High w ind   30 2640

35 3080
Very high w in d .. . 40 3520
Gale..........................  45 3960
Storm ....................... 50 4400
Great storm  60 5280
Hurricane...............  80 7040
Toriiado..................  90 7920

100 8800

V tn
o.'H

u
41 V<¡j U!

1.47
2 .93
4 .4 0
5.87
7.33
8 .80

10.27
11.73
13.20
14.67 
16.13 
17.60  
19.07  
20.53  
22.00 
23 .48  
24 .93 
26.40  
27 .86
29.33
36.67
44 .00
51.33
58.67
66.00
77.33  
88.00

117.30
132.00
146.60

</> ~ 3
0 c
U  w  *4 ,

0.005  
0.020 
0.045  
0.081  
0.126  
0.181  
0.247  

, 0.323  
0.408  
0.505  
0.610  
0.726  
0.852  
0.988  
1.135
1 .291 
1.458  
1 .634 
1.821 
2.018  
3 .155  
4.547  
6.194  
8.099

10.260
12.684
18.310
32 .800
40.500
50.000

Tem perature and height 
of air-colum n. 

D egrees Fahrenheit

25 ft. 50 ft. 100 ft.

71
75
82
92

105
122
144
172
206
251
307
381
480
618
826

1160
1796
3426

17134

70.66  
72.64  
75.98  
80.07  
87.12  
94.97  

104.72 
116.41 
130.12 
146.64 
165.67
188.24 

.36 214.80

.95 246.20
283.79  
328.62  
383.38  
450.47  
535 ¿18
644.24  

2692.07

.15

.43

.45

.68

.94

70.33
71.32  
72.97  
75.38  
78.41  
82.18  
‘86.77  
92.16
98.33  

105.55  
113.60 
122.78
133.11 
144.72 
157.82 
172.40  
188.84  
207.19  
227.93  
251.31  
427.75
829.12  

2414.17

(1000 ft.) 
9S7.16

I t  m ay here be pointed out th at the draught de
pending on temperature is also a function of the 
height of the stack, while the draught caused by wind- 
pressure is entirely independent thereof. Conse
quently, in the latter case, the stack m ay be built 
as low as you please, while its cross section m ay be 
enlarged to such an extent that any desired volum e 
of gases^will pass through it.

’Plate III  shows the apparatus b y  means of which 
the relations between plus- and minus-pressure were

A.
CewicoTtowir** j. Cô ~fc-fco

U*eD Fo«

determined.1 For equal pressures a t c, the corre
sponding plus-pressure a t a and the minus-pressure 
a t b could be read a t the gauges. The latter, used 
for pressures below one, inch of water-column, were 
of the differential type, capable of convenient read
ing to one-hundredth of an inch. For higher pres
sures the ordinary siphon gauge was employed. , The 
results of the measurements are given in Table II. In

T a b l e  II. - C o m p a r is o n  o f  P l u s -  a n d  M i n u s - P r e s s u r e  Ca u s e d  b y  W in d  
o r  B l a s t  o f  E q u a l  V e l o c it y .

Plus or velocity- Minus or vacuum- Ratio of
prcssure. pressure. pressure.

ds per squart foot. Pounds per square foot. Plus to minus.
0.286 0.052 1 : 0.182
0.551 0.078 1 : 0.141
0.806 0.130 1 : 0.161
1.066 0.166 1 : 0 .156
1 .301 0.239 1 : 0.184
1.545 0.312 1 : 0.202
1.75S 0.364 1 : 0.207
2.039 0.437 1 :  0.214
2.341 0.489 1 : 0 .209
2.669 0.650 1 : 0 .244
4.333 0.962 1 : 0.224
5.894 1.274 I : 0 .216
7.975 1.623 1 : 0.204
9.712 1.956 1 : 0.201

11.616 2.330 1 : 0.201
13.177 2.658 1 : 0.202
14.914 2.939 1 : 0.197
16.646 3.340 1 : 0.201
18.727 3.527 1 : 0 .188
19.508 3.886 1 : 0 .199

the ratio column it will be noticed that the minus- 
pressure begins with a minimum and th at it reaches 
a maximum with a plus-pressure of 2 .6  pounds per 
square foot. The figures show the low efficiency 
of the minus-pressure to be about one-seventh of that 
of the plus-pressure, while the high one is one- 
fourth, thus showing the degree of superior efficiency 
of injectors over ejectors in displacing air in a room.

B y  comparing the minus-pressure column of Table 
II  with the pressure and temperature columns of 
Table I, an approxim ate estim ate m ay be obtained 
of the damage to the draught in a stack b y  wind 
suction, when the latter acts in the opposite direc
tion of the draught. The suction effect of the wind 
upon a building must, however, naturally be less 
than that indicated in the ratio column of Table II, 
for the reason th at this effect is active only along the 
roof- and side-lines, while it is nil along the base-line.

II. Deodorization.— To render the fumes and odors 
from a chemical laboratory harmless to the exterior 
surroundings, it generally suffices to dilute them to 
a considerable degree w ith the atmospheric air, ac
complished by conducting them through stacks to a 
reasonable height above the dwellings of the vicinity.

W ith an efficient ventilating system, such as has 
been described, .and with precautions taken th at 
evaporations of acids, the filtration of malodorous 
liquids, and the generation of hydrogen sulphide be 
performed in the hoods, the atmosphere in the lab
oratory should remain free of all nuisances. Much,

1 More authoritative data probably exist in the engineering literature. 
In books available to the writer, they could not be found. Fcr the sake 
of illustration, merely, actual determinations appeared more simple than 
the consultation of distant libraries.
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of course, depends in the maintenance of discipline 
by those in charge, and that would appear to be 
most efficaciously introduced b y  demonstrating, to 
the working force's conviction, the utility  and effi
ciency of the contrivances, rather than b y  adorning 
the walls with vigorous printed rules.

Odorless Hydrogen Sulphide Generator Drain.— There 
is, however, another difficulty to overcome in connec
tion with the operation of the hydrogen sulphide 
generator; it  is the discharge and disposal of the 
spent acid. The latter, upon its release from the 
generator, is surcharged with the gas which it pro
fusely emits, and when left to flow into drains, which 
have openings into the laboratory, the gas will enter 
and m ay not only become a source of annoyance to 
the men, but m ay affect the accuracy of certain chem
ical work and wreak injury to some of the structural 
materials; or if after leaving the laboratory, this 
liquor enters open gutters or partially covered sew- 
ers, it  will vitiate the atmosphere of the neighborhood.

In the device shown in Plate IV , the writer has 
found a perfect method for eliminating these troubles, 
it having been in successful operation in his labor
atory for about five years. The form of the h y

drogen sulphide generator is immaterial and there
fore only its lower portion, w ith the drain-tube, is 
indicated in the figure. I t  is, of course, placed in a 
hood. The drain system has a trap, a, c, d, e, and a 
vent at /, connected with the hood at g. The trap 
is necessary to prevent the gas from escaping through 
this duct from the generator, and the vent is required 
to keep the trap filled w ith the liquor which, other
wise, would be siphoned out by that part of the drain- 
tube designated by e, h. The liquor thus flows con
tinuously into the reservoir, R, a t h, filling it to the 
level o, p. A t  this point the discharge tube, q, r, is 
filled and through it the liquor is siphoned off until 
its level in the reservoir reaches m, n, which opera
tion repeats itself autom atically. There alw ays remains 
a stock of liquor in the reservoir whose surface fluc
tuates rhythm ically between the levels m, n, and 0, 
p. A ir is in jected 'in to  the liquor through i, j, and 
escapes into the hood through k, I. A t  s any sediment, 
or precipitate formed, m ay be drawn from the reser
voir. In addition to the tubes shown in the figure 
and running through the stopper into the reservoir, a 
long-tubed funnel m ay be added, so th at filtrates 
containing hydrogen sulphide m ay be discarded

O o o R L C S S  S P E N T - ñ C I O  D lS C W A R G E !

% F*Or1
H v o r o g - c n  S u l p h i d e  G c n c r a t o k ,

*

Plate IV.
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through this drain and made odorless, instead of 
being poured into the sink with the well-known ef
fects.

The chemical process in the apparatus is as follows: 
“ The liquor is an aqueous solution of ferrous chloride, 
surcharged with hydrogen sulphide gas. The in
jected air oxidizes the ferrous to the ferric salt, which 
is partially precipitated in a basic form. The ferric 
chloride in solution, b y  the intimate contact with the 
inflowing, dissolved hydrogen sulphide, immediately 
causes the latter’s oxidation and decomposition. In 
the reaction the ferric salt is again reduced to the 
ferrous state, while hydrogen chloride is formed, 
and sulphur liberated: F e2Cl„ +  H 2S =  2FeCl2 +  2HCI +  
S .”

Owing to the permanent stock of ferric chloride 
solution in the reservoir the discharge a t r is always 
odorless; so is also the air issuing at I; the only place 
of odor .emission from the drain-system being a t g, 
therefore, its connection with the hood is essential.

F or common laboratory use the reservoir need not 
be of the given design. An ordinary five- or ten- 
pound, wide-necked bottle will serve the purpose 
just as well. In this case the siphon-tube g, r, is taken 
through the sealed stopper with the other tubes, 
and the bottle freed of the sediment, whenever neces
sary, b y  disconnecting the stopper and em ptying 
the whole contents.

This device, when constructed of other acid-proof 
materials on a larger scale, m ay readily be applied 
in industrial plants in which hydrogen sulphide is 
used.

In conclusion, it  m ay not be amiss to call attention 
to the facts th at the extra cost of installation of the 
improvements is trifling and the operating expenses 
practically nil, while they greatly contribute to the 
increase of the “ jo y s”  of the laboratory.

Acknowledgment is due m y assistants, Messrs. 
Ferrel and McComas, for the preparation of the draw
ings from which the cuts in this paper were made.

P e r t h  A m b o y , N. J . ,
Feb. 24, 1909.

THE CRUCIBLE ASSAY OF PYRITIC CONCEN
TRATES FOR SILVER AND GOLD.

B y  G e o r g e  B o r r o w m a n .

Received March 22, 1910.

In evaluating pyritic gold and silver ores contain
ing little or no gangue material, the assayer has re
course to three crucible methods. He m ay remove 
the sulphur b y  preliminary roasting; he m ay lessen 
the reducing power b y  using potassium nitrate, or 
desulphurize b y  employing iron as wire or nails. 
The literature affords various criticisms, favorable 
and adverse, on a t least two of the procedures. Mr. 
R . W . Lodge, in his “ Notes on A ssaying,”  states the 
belief that loss of silver occurs in certain ores due to

the use of niter. H e adduces, however, the results 
of but two fusions. Messrs. R icketts and Miller, 
in their text-book on “ Assaying,”  express lack of con
fidence in the iron method on ore containing much 
sulphur. No further comment is made. Mr. H. 
van  F. Furman, in his “ Manual of Practical A ssaying,” 
says the iron method is preferred b y  m ost assayers. 
Again some authorities recommend a charge for the 
iron method that yields a basic slag, notwithstanding 
the well-known fact that such slag is likely to carry 
values. Others, evidently in recognition of this, 
prefer a charge containing considerably more acid 
fluxes and some potassium nitrate. Experim ental 
evidence, however, to substantiate the various opin
ions, is very meagre and on some points entirely lack
ing. These circumstances lead the writer to make 
some investigations, in the hope of obtaining definite 
data as to the relative efficiency of the various treat
ments.

In all of the work 0 .5  A. T . ton of ore, passed 
through 100-mesh sieve, was taken for each charge. 
The fusions were made in a gas muffle, excepting 
those of a few slags, which were carried on in a cruci
ble furnace. The fusions were started a t low heat and 
gradually raised to about 1200° C., the charges being 
in the furnace about forty-five minutes. Morganite 
cupels were used. The fluxes, time of fusion, size of 
buttons, in short all conditions were kept as nearly 
uniform as possible. The litharge used contained 
silver, for which corrections were made.

For the first work a Leadville, Colorado, pyrite 
was selected. It  was almost pure iron sulphide, 
carrying a little copper. The reducing power was 
9 .1 . Three series of four charges were made up. 
Series No. 1 consisted of assays for the potassium 
nitrate method, the following charges being used:

o .s  A. T.
Ore. Grams.

NaHCOa.............................................................  15.0
PbO...................................................................... 175.0
S i0 2......................................................................  15.0
Borax glass....................................... ; .............. 10.0
KNOa................................................................... 28 .5
Salt cover.....................................    . . .

Series No. 2 was' first dead roasted and then fluxed 

as follows: 0.5 a . t .
Ore* Grams.

NaH C03.............................................................  15.0
PbO ...................................................................... 110.0
S i0 2........................................   5 .0
Borax glass.......................................................  10 .0
Argols (R. P. -  10)..................... i ..............  2 .5
Salt cover..........................................................  . . .

Series No. 3 was made up according to the general 
type of charge usually recommended for the iron 

method: 0.5A. t
Ore* Gran: s.

NaHCOa.............................................................  30 .0
PbO...................................................................... 23 .0
Borax g lass.  .................................................  10.0
4 Iron nails (20-penny) ......... .............................
Salt cover..........................................................................



T h e  slags in  a ll eases w ere liq u id  a n d  p ou red  w ell. T h e s e  resu lts confirm  th e  p rece d in g . T h e  ore u sed  

A ll  w ere g la s s y  e x c e p tin g  th o se  o f N o . 3, w h ic h  w ere in  th e  la s t  fu sion s w a s  ta k e n  from  a  d iffe re n t p a r t  o f  

b asic. N o  m a tte  fo rm e d  in  a n y  case. C u p e lla tio n  th e  sa m e  lo t  fro m  w h ich  th e  first a s s a y s  w e re m ad e,  

g a v e  th e  fo llo w in g  resu lts: a c c o u n tin g  fo r  th e  d iffe re n t s ilv e r  v a lu e .

No. 1. No. 2. . No. T h e  g o ld  in  th is  ore w a s  m e r e ly  a  tra ce , to o  sm all

Au + Ag. , Au +  Ag. au  +  a e. a m o u n t to  sh o w  a n y  d e te c ta b le  v a r ia tio n s . ■ T h e  e x -
Mgs. Mgs. Mgs. J
5 01 g'.s7 7.88 p e rim e n ts  w e re  c o n clu d e d  b y  re p e a tin g  th e  a b o v e

8 90 8 91 7 23 iron m e th o d  te s ts  on  a  h ig h e r  g r a d e  ore co n ta in in g

g 9S 9 10 3 '29 m o re g o ld . T h is  w a s  also  p r a c tic a lly  p u re  p y r ite

  -----  ------ c a r r y in g  v a lu e s  in  th e  fo rm  o f au rifero u s a r g e n tite .
Av. 8.95 8.86 8.05  J 6 .

F o u r  a  s a y s  w e re m a d e  e a c h  w ith  o f th e  tw o  iron  

I t  w ill b e  seen  th a t  N o s. i a n d  2 c h e c k  c lo se ly , m e th o d s  d e scrib e d  a b o v e . A s  a  ch e c k , fo u r m o re  

w h ile  N o . 3 is u n ifo rm ly  low . T h e  sla g s  o f N o . 3 w e re run b y  th e  n ite r  p rocess. T h e  fo llo w in g  a v e r a g e  

b e in g  b a s ic  w ere a s s a y e d  a n d  fo u n d  to  c a r r y  on  th e  resu lts  w e re se cu re d : S eries N o . 1 is from  th e  iron - 

a v e r a g e  0 .9 1  m g . W ith  th is co rrectio n , N o . 3 ch e ck s  n ite r  fu sio n s; N o . 2 fro m  th e  n on -n iter- iron  m e th o d ;  

th e  o th e r s'c lo se ly . a n d  N o . 3 from  th e  s tr a ig h t  n ite r  a s s a y :

T h e  sam e ore w a s  th e n  a s s a y e d  w ith  th e  fo llo w in g  No s No 2 No 3

ch a rge , reco m m en d ed  b y  F u r m a n : Au + A& Au + Au + Ag.
0 .5  A. T. Mks' Mgs- M*s-

Ore. Grams. Av. 78 .28  76.54 79.08

20 T w o  sla gs from  ea ch  w ere a ssa y e d  an d  th e  fo llo w in g

sio2............................................  >s a m o u n ts  r e c o v e r e d :
KNOa.......................................... 5
3 Nails (20-penny)...............................................    No. 1. No. 2. No. 3 .
Borax glass cover  ....................................  Au 4- Ag. Au +  Ag. Au 4- Ag.

Mgs. Mgs. . Mgs.
T w o  fu sion s w ere m a d e ; th e  slags w ere g la s s y  a n d  3 .00 3.62 0.93

110 m a tte  fo rm e d . 2-67 3 50 0 i)3

T w o  m ore ch a rg e s w e re run, o m ittin g  th e  n itr a te , a v . 2.83 3.56 0.93

co n sid e ra b le  m a tte  fo rm in g  in  b o th  cases. T h e  tw o
m a tte -fr e e  b u tto n s  y ie ld e d  th e  fo llo w in g : N o t  m o re th a n  tra c e s  o f g o ld  w ere reco ve re d  from

th e slags.
All 4- Ag.

Mgs. CO NCLUSIO NS.

................................. I A0l  F r o m  th e  fo re g o in g  d a ta  i t  seem s t h a t  w ith  p y r ite

  ores, a t  le a st, th e  m a x im u m  a m o u n t o f n ite r  c a n  b e

Average......................  9.10 w ith  im p u n ity , t h a t  in  fa c t  resu lts are, if a n y -

T h e s e  resu lts, i t  w ill b e  n o te d , are a  trifle  h ig h e r  th in g , a  litt le  h ig h e r  b y  th is  m e th o d . l i o n  does n o t

th a n  o b ta in e d  b y  a n y  m e th o d  p re v io u sly . F u r - th o r o u g h ly  d e co m p o se  h ig h ly  su lp h u r e tte d  ores th o u g h

m a n ’s ch a rg e  w a s  fu r th e r  te ste d  b y  co m p a rin g  resu lts  o n ly  s ilv e r  a p p e a rs  to  b e  carried in to  th e  sla g. T h e  use  

o b ta in e d  from  i t  w ith  th o se  from  a  c h a rg e  sim ila r  t o  o f co n sid e ra b le  s ilica  a p p a r e n tly  assists  in  b r e a k in g

th e  one used in th e  first iron  fusion s. I t  w a s ta k e n  u p  th e  su lp h id e , th e  te n d e n c y  to  m a tte  fo rm a tio n  b e -

from  o n e o f th e  re ce n t te x t-b o o k s  a n d  co n siste d  o f in g  o ve rco m e  b y  a  l i t t le  p o ta ssiu m  n itr a te . T h e

th e  fo llo w in g : losses, h o w e ve r, e v e n  w ith  b a sic  sla gs  are n o t v e r y

0  5 a  t .  large, b u t  i t  is e v id e n t  t h a t  w h e n  g re a te r  a c c u r a c y

NaHCOa '30 *s desired , th e  m o re tro u b leso m e n ite r  m e th o d  s h o u ld

Pbo.............................................. 20 b e  u sed  in  p refere n ce to  th e  c o n v e n ie n t “ n a i l”  fu sion .

4'ia iis  (20-penny). . . . . . . . . . . . . .  .. A s  m ig h t  b e  e x p e c te d , th e  co m p a riso n s sh o w  th e

Borax glass cover...............................  resu lts  o f th e  ro a stin g  m e th o d  to  b e  s a tisfa c to r y ,

F o u r  ch a rge s of ea ch  w e re fu sed . T h e  sla gs  from  th o u g h  h ig h e r  g r a d e  ores m ig h t  su ffer a  co n sid e ra b le

th e  la tte r  m ix tu r e  w ere b asic, th e  o th ers as before, m e c h a n ic a l loss. I n  fu  in g  r o a ste d  ores w h ic h  h a d

g la s s y . T h e  resu lts of c u p e lla tio n  follow , N o . i c o n ta in e d  a r g e n tite , th e  w rite r  fo u n d  th a t  co n sid e ra -

b e in g 'fr o m  th e  n a il-n ite r  tr e a tm e n t: b le  s ilv e r  w a s  carried  in to  th e  sla g , p r o b a b ly  d u e  to

j No 2 in c o m p le te  b r e a k in g  u p  o f s ilv e r  s u lp h a te  in  th e

Au + Ag. au  +  Ag. roastin g.
Mgs. Mgs. . .University of Nebraska,

*3-61 13.04 LXNCQCN, N b b .
13.64 13.27
13.54 13.17
13.74 13.36 __________________
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Av. 13.63 13.21
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THE MILLING OF CANE IN SUGAR MANUFAC
TURE CONTROL APPARATUS.

B y G. L . S p e n c e r .

Received April 1, 1910.

W ith  very  few  exceptions, cane sugar factories 
use heavy mills in the extraction of the juice. In 
ve ry  modern plants the milling equipment consists 
of a crusher and four mills arranged in tandem. Each 
mill has three rolls so arranged that the cane receives 
a double crushing in passing through it. The crusher 
has two corrugated rolls which break the hard stalks 
and extract a cons derable part of the juice from them, 
preparatory to the milling. The pressure upon the 
rolls is usually controlled by hydraulic devices, that 
upon the top roll of a mill seven feet long often ex
ceeding 500 tons. The woody residue or bagasse is 
usually sprayed with water after leaving each mill, 
except the last of the series, from which it is con
veyed directly to the boiler furnaces. The water 
dilutes the residual juice in the bagasse and facili
tates its removal in the subsequent milling.

The quantity  of juice that m ay be extracted varies 
with the setting of the mills, the quality of the cane, 
care in eeding the cane to the mills, and the quantity 
o water sprayed upon the bagasse. A  careful labora
tory control is necessary to keep a milling plant 
operating a t its highest efficiency.

The control includes the calculation of extraction 
numbers based upon the weight and analysis of the 
cane and juice; the calculation of the percentage of 
saturation or maceration water, i. e., the water sprayed 
upon the partly extracted 
bagasse; the calculation of the 
dilution number, i. e., the per
centage of water required to 
reduce the density of the un
diluted or so-called normal 
juice to the density of the 
m ixed juices. A n efficient 
control requires' special appa
ratus, some very  efficient types 
of which are described below.

Juice Sampler. —  The most 
efficient sampler in the w riter’s 
experience is one designed by 
an engineer of the Calumet 
Plantation, Louisiana. This 
instrument (Fig. i) samples in 
proportion to the quantity of 
cane ground. I t  rarely clogs 
or fails to operate. The Calu
m et sampler is shown in sec
tion in the illustration. It  consists essentially of a 
plunger' with a perforation near one end and so ar
ranged that this perforation is alternately plunged into 
the stream of juice and withdrawn w ith a sample. The 
reciprocating motion is imparted by a crank or eccen

tric driven b y  a belt off one of the mill-roll shafts. Fig. 
1 is from a working drawing of a sampler arranged to 
draw juice from the inclined canal or chute from a 
crusher. The projecting lip, inside the canal, in
sures the filling of the hole in the plunger. The 
sample is discharged from the bottom of the plunger 
into a gutter leading to a storage vessel containing a 
preservative.

Various modifications of this sampler permit its 
use in sampling from canals and pipes.

Juice Scales.— A utom atic scales have been used, 
usually w ith indifferent success, in weighing the mill 
juice. The “ hamm ering”  of the heavy charges 
requires very substantial and expensive construction 
in an autom atic scale and almost constant skilled 
attention. The hopper- or tank-scale with type regis
tering beam, is inexpensive and efficient. The tanks 
should be provided w ith a hot water spraying device 
to keep them clean.

Apparatus for Bagasse Analysis.— Bagasse is neces
sarily sampled by hand, owing to milling conditions 
and the nature of the material. It  is usually prepared 
for analysis b y  cutting with a butcher knife, a knife 
mounted sim ilarly to the old-fashioned feed cutters, 
or b y  chopping devices. A n efficient machine is 
made in Delft, Holland, especially for preparing 
bagasse for analysis.

The custom ary quantitative tests are moisture, 
fiber (marc) and sucrose. The writer has devised 
the apparatus described below to minimize labor 
and to reduce the personal errors and especially to

Fig. 1.

enable chemists to prom ptly obtain the desired data.
The oven shown in Fig. 2,1 in section, from a work

ing drawing, will dry 200-gram samples in about 90 
minutes. Efficient vacuum  ovens require from 4 to

1 Suggested by the Soxhlet oven.

I g S T R O K Ê  

A B O U T  7  T H R E A D S  P ß «  I N C H  

G U T T E R
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6 hours and in order to obtain results prom ptly with 
the usual types of ovens, the portion dried m ust be 
very small, large samples requiring 24 hours drying.

The oven is best described in an outline of the 
method of using it: 100-200 grams of bagasse are 
placed in a tared brass tube. The tube has a per
forated bottom, 625 round holes per square inch, or 
is of 100-mesh gauze, also a perforated cover. The 
cover is held in place b y  bayonette catches. I t  should 
enter the tube and have a narrow flange to m ake a 
good joint with the edge of tube “ A ”  of the oven. 
The sample tube is inserted into tube “ A ”  and steam

is turned into the ejector. The oven door m ust fit 
tightly  against a soft rubber gasket. The ejector 
draws air through the distributing pipe, over the steam 
coils, and through the bagasse sample. The heat
ing” surface is ample to maintain a very  strong cur- 
rent"of air a t a temperature of 1050 C. The air cur- 
rentTshould be as strong as the coils will heat suffi
ciently; this is usually as much as the ejector will 
draw.

The air should be strained through fine gauze be
fore adm itting it to the oven. Moisture-free air 
would doubtless reduce the time required for drying,

but for sugar-factory purposes this is unnecessary. 
Tubes " A ”  and “ B ”  should be closed with tight 
covers when not in use.

In  the fiber (marc) determination sample tubes 
similar to those for moisture are used. These hold 
from 50 to 100 grams of bagasse. The tube and 
contents are placed in a stream of boiling-hot water, 
after a preliminary digestion in cold water; or a 
syphon apparatus similar to the Soxhlet extractor, 
w ithout the condenser, into which boiling water is 
passed, m ay be used. A fter the extraction of the 
water-soluble content of the bagasse, the sample is

drained a few seconds and these placed in tube “ B ”  
of the oven. The drying is usually completed in less 
than four hours, notwithstanding saturated condi
tion of the sample.

O bviously this type of oven m ay be constructed 
for samples of any size and could be readily adopted 
for certain classes of work in agricultural labora
tories.

The wire tray  is for use in drying samples of mo
lasses and other materials th at are not disturbed 
b y  a strong current of air.

The w riter’s experimental oven was built of 2-inch
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planks, but he has since equipped the laboratories 
w ith ovens of cast iron, as per Fig. 2. The oven 
should be insulated with magnesia covering. It  is 
very  essential that all joints be well made and that 
air enter the oven only a t the distributing pipe. The 
nozzle of the ejector is designed for steam of about 
70 lbs. pressure, and for low pressures the opening 
m ay be larger than indicated. Failure to obtain the 
desired temperature, given a good steam pressure, 
is usually due to leakage of air a t the joints or to 
drawing too little air over the coils.

In the usual method of estim ating the sucrose in 
the bagasse, 50 grams of the material are digested 
in a flask, a t boiling temperature, with 500 grams of 
water containing 5 cc. of a 5 per cent, solution of 
carbonate of sodium. The flask is fitted with a reflux 
condenser. The tim e consumed in introducing the 
bagasse into the flask and the errors involved, the 
large item of breakage and occasional loss of tests, 
led the writer to prepare special copper apparatus. 
This apparatus is a copper beaker 4 inches in diam 
eter b y  6 inches deep and provided w ith a flange and 
ground joint brass cover. The cover should be 
h eavy and have a hole in it to receive a cork and 
tube condenser. A  straight tube about four feet 
long forms a suitable condenser. A  thin metal tube 
fixed perm anently to the cover m ay be used but 
glass is more convenient in controlling the tempera
ture. Clamps are only necessary for holding the 
cover, when the apparatus is placed in an inclined 
position in a water bath. An electric hot-plate is 
the most convenient heating device.

I t  is probable th at the new Sachs-LeDocte diges
ters, but of large size, used in the analysis of sugar 
beets, would answer in bagasse analysis, especially 
where a w ater bath is used in heating. In this ap
paratus a brass ring cover is used. A  thin rubber

Fie. 3.

"cap is slipped over the ring. In  placing the cover in 
position on the beaker, the rubber is bulged down
wards b y  pressure of the thum bs and on releasing it 
a  partial vacuum  is formed in the vessel. This

vacuum  is sufficient to hold the cover in position, 
providing the contents of the beaker are not heated 
to boiling. The Sachs-LeDocte apparatus as ar
ranged for use in beet analysis is shown in Fig. 3.

A  plain copper beaker with a rubber cap slipped 
over its edges would answer the purpose in bagasse 
analysis, though the life of the rubber would proba
bly be short.

C u b a n - A m e r i c a n  S u g a r  C o m p a n y ,

N e w  Y o r k  a n d  C u b a .

AN ELECTRIC COMBUSTION FURNACE, LABORA
TORY TREATING FURNACE AND RHEOSTAT.

B y  G e o r g e  M . B e r r y .

R e c e iv e d  F e b r u a r y  17, 1910 .

On account of the increased demands upon an al
ready well loaded gasolene gas generator with the 
attendant impoverishing of the air in the room, 
where among about one hundred burners six  com
bustion furnaces were kept going constantly during 
the day, the cost involved owing to the use of high 
grade gasolene, and on account of the lack of an as- 

uredly sufficient heat to yield complete combustion, 
without especial preparation of samples, at times 
when the gasolene in generator was getting “ th in ”  
the writer determined to use some form of furnace 
heated electrically. Knowing something of the work
ings, but nothing of the construction of the furnaces 
used b y  Mr. C. M. Johnson,1 and something of the 
platinum wound furnace described a t the M ay 1908 
Meeting of the Iron and Steel Institute, but not feel
ing satisfied with either of these, the writer, in July, 
1908, set about some experiments 'w ith  a view  to 
m aking a more satisfactory furnace. A  brief sum
m ary of the more im portant steps of the work and a 
detailed description of the furnace as adopted, to
gether w ith some salient points concerning the making 
and materials, are here given.

The first furnace had a 10" x  3" diameter iron 
cylinder as the outer casing. A s the heating ele
m ent it  had a 24" x  *// bore quartz tube covered for 
the middle n "  w ith asbestos cloth and wound for 
the middle 73/t" at tw elve turns to the inch with 22 
gauge (B. & S.) nichrome wire, using twenty-seven 
feet of the wire. The space between the heating 
wire and the three-inch iron cylinder was filled with 
chem ically pure powdered magnesium oxide. This 
furnace lasted forty-five ten-hour days. A t 115 
volts it took 3 .5  amperes a t first, gradually dropping 
to 2 .4  amperes on the forty-fourth day, and yielded 
a temperature of about 1750° F ., which gradually 
dropped to about 1450°.

Furnace No. 2 had a 12" x  6" diameter iron cylinder 
as outer casing. A s the heating element a 24" x  3/ " 
bore quartz tube covered for the middle 13" with 
asbestos cloth and wound for the middle 7 * / /  with

1 J.  Am . Chem. Soc.. 3 0 ,  7 7 3 .



256 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G IN E E R IN G  C H E M I S T R Y .  June, 1910

tical w ith number 3A, except th at eight inches was 
wound at six and one-half turns to the inch, using 
about twenty-five feet of the same wire. A  little 
shorter life and higher temperature were obtained.

Furnace 5 was identical w ith Furnace 3A, except 
that 81/ /  was wound at eight turns to the inch with 
18-gauge (B. & S.) Driver-Harris nichrome wire, 
using thirty-one feet. The life of this furnace for a 
fourteen-hour day was exactly  four months. A t 
115 volts it took 4 .4  amperes and yielded a tempera
ture of 1920° F.

Furnace 8 was made like 5, except that 7n /12" 
was wound at twelve turns to the inch, using forty- 
five feet of the wire. Chip graphite was used be
tween the two tubes. The life of the furnace here 
for a fourteen-hour day of constant use was five 
months and four days. A t  112 -117  volts it took
3 .6  (mean) ampe es. The temperature was main
tained a t 1750° F. to 1850° F. with this current flow. 
W ith this furnace it was found that receding from 
the middle four inches of the heated zone the tem 
perature dropped rather more sharply than is de
sirable. The temperature being recorded a t the 
middle, 1S000 F . ; a t each end of the middle seven 
inches, 1590° F. This is correctcd in the fum ace as 
adopted by winding for more length of tube

The Combustion Furnace as Adopted.— The outer 
casing consists of a piece of six-inch iron pipe A, 
12" long supported by the 1" x  tj  " legs B, which en-

22-gauge chrome nickel resistance wire from another 
manufacturer, using twenty-seven feet of the wire. 
The space between the heating wire and the 6" iron 
cylinder was filled with “ lig h t”  calcined magnesium 
oxide, commercial. This lasted fifteen ten-hour days. 
A t 115 volts it took 3 .5  amperes, gradually dropping 
to 2.8 amperes and yielded a temperature of about 
1850° F., dropping to 1800° F.

Furnace 2A was made the same as Furnace 2 and 
with same kind of wire, but with chemically pure 
MgO as heat insulator. The results were about the 
same, except for a slightly increased length of life. 
Furnace 3 was made identical with Furnace 2 ex
cept th at “ h ea vy ”  magnesium oxide was used as 
the heat insulator. This lasted two and one-half 
hours.

Furnace 3A was made with the outer casing a 12" x  
6" diameter iron cylinder. The heating element was 
a 15" x  i 1/ /  bore tube covered with asbestos and 
wound for 73/ /  at eight turns to the inch, using 
about thirty feet of the same kind and size wire as 
used in No. 2. The space between the heating wire 
and the six-inch iron cylinder was filled with a double 
layer of asbestos pipe covering. The space between the 
i 1//' bore tube and the combustion tube was filled 
with precipitated silica. The life of this furnace 
was fourteen ten-hour days. A t 115 volts it  took 
4 .1  amperes, dropping to 3 .2 , and yielded a tempera
ture of about 1S500 F. Furnace 4 was made iden
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cicle the pipe and are spread at the underside, so 
th at the angle between them is of about sixty  degrees. 
A t  the bottom  the feet are bent outward to the line 
of the horizontal. The height to the center of the 
furnace is ten inches. The two heads C, which are 
alike, are of 5/10" plate cut under the shears to hexa
gon 73//' between their parallel edges. T hey are 
equipped with three equidistant pins D, on a 53/4// 
circle. These projected inward, are riveted, are 
3/4" long x  1/i" diameter and serve to prevent the 
heads falling from the 6" cylinder while the insulators 
and wires are being adjusted just prior to drawing 
the two heads together with the bolts. T hey also 
serve to hold the heads concentric w ith the cylinder. 
T he heads are further equipped with five holes, hav
ing in the alternate angles 3/„" holes centered on a 
75/8" circle. Through these three holes pass the bolts
E, which draw the heads together and hold them 
tigh tly  in place. The joint between the head and 
the cylinder is made tight b y  a ring of asbestos board
F . The center of the head has a two-inch hole, while 
at the intersection of the horizontal axis and a 31/2" 
circle is a 3//' hole. Through this is placed, w ith the 
flange inward, 5/8" x  i l/2" porcelain insulator G.

The heating element consists of a 15" x  i 1/ /  bore 
quartz tube H, covered for the middle thirteen inches 
with one layer of “ thin woven asbestos cloth ”  I, 
and wound with the resistance wire J, so that the 
windings are tigh tly  imbedded in the asbestos cloth 
and do not touch each other and so that the ends 
cannot slip. For the bore given it will be found that 
the tubes bought in the m arket will yield an average 
winding circumference very  close to s ' ! i'- For the 
n o  vo lt circuit approxim ately fifty  feet iS-gauge 
nichrome wire is used. For the 220 vo lt circuit the 
results desired are achieved b y  s im p ly . connecting 
two furnaces in series. The tube is held in the lathe 
for winding b y  an arbor of soft wood which fits the 
inside of the tube, runs through it, and has projecting 
end enough to screw a “ d og ”  011 to. The asbestos 
cloth should be cu t thirteen inches long b y  about 
six inches wide. Then the lengthwise threads are 
unraveled until the woven piece is about five and 
one-half inches wide, saving the ravelings for bind
ing. The cloth is held in place around the tube 
preparatory to winding by tying 1 it a t each end and 
in the middle w ith some of the threads unraveled 
from the cloth itself. A t about 25/s" from the end of 
the tube the wire— which should be on a spool in case 
the tube is to be hand-wound— is threaded with 
about 3/4" stitches through the asbestos cloth for 

.one complete turn, and the end is drawn through so 
that there is a free end about 12" long. This free 
end is wound around the cloth and made fast to the 
“ dog,”  which couples the arbor running through the 
tube with the lathe. The lathe is now started by 
having a boy pull the belt, or after experience has

been gained by a very  low-speed power. The first 
turn is made to begin a t 2 3/ /  from the end and the 
winding continued at eleven turns to the inch until 
91/ /  have been wound. The wire is held firmly in 
its place on the tube, while it is cut leaving about 
seventeen inches free end. This end is threaded 
with about 3/ /  stitches through the cloth for a com
plete turn as a t the beginning, and the end held 
tight while at both ends the asbestos cloth at the 
place where the wire is threaded through it is bound 
and tied with five or six turns of the asbestos thread 
unraveled from the cloth. This tying of the asbestos 
string around the tube where the windings cease 
serves adm irably to prevent the loosening of the wire 
on the tube during subsequent handling. Care 
should be used a t all times to avoid sharp kinks in 
the resistance wire, as it is likely to break when 
straightened. The heating element i» now ready 
for the heat insulator.

The heat insulator consist of two pieces— one for 
i 1/ /  pipe, the other for 3" pipe— of magnesia-asbestos 
pipe covering and some asbestos paper (K easby and 
M attison’s “ Magnabestos ”  and Johns-Manville 85 
per cent, magnesia pipe coverings have been found 
highly satisfactory.) Both pieces of the pipe cover
ing are tw elve inches long. This is readily cut with 
any kind of saw. The 15" x  i 1//' quartz tube, on 
which is wound the heating wire, is encased with 
equal projecting ends in the smaller piece of the as
bestos pipe covering, which is in turn encased in the 
larger piece of the same material, so that the joints 
of the two sizes do not come a t the same place. The 
loose ends of the wire m ust of course be kept free. 
The outside of the 3" pipe covering, which has a 
diameter of about 5°/le" is wrapped with a strip 12"  

wide of asbestos paper until the diameter of this heat 
insulating material is 6" and just slips snugly into 
the 6" iron pipe of the outer casing. W hen the heating 
element and the heat insulator have been placed in 
the 6" iron pipe of the outer casing, the loose ends 
of the heating wire or lead wires are drawn through 
the 7 /  porcelain insulators in the hexagon heads. 
T h e heads are put in position and drawn tightly to 
the ends of the 6" iron cylinder b y  the long bolts.

The furnace is now ready for the combustion tube 
I/, which is inserted through the i 1//' bore tube. 
For the middle 12" of the two tubes the space be
tween them is tightly packed with the Heat Conduc
tor M , which is chip Ceylon graphite. The graphite 
is held in place b y  a ring N, at each end of it, made b y  
wrapping a strip about ‘ / /  wide of asbestos cloth 
around the combustion tube. This serves also to 
hold the two tubes concentric. The graphite can be 
most easily introduced between the tubes by 
setting in place one of the asbestos rings, then stand
ing the furnace on end on a tripod with the asbestos 
ring a t the downward end and pouring the graphite



from a sheet of paper into the space between the 
two tubes, tapping meanwhile on the upward pro
jecting combustion tube. W hen the graphite has 
been solidly packed in for the desired tw elve inches, 
the asbestos ring is packed in place at the upper end. 
I t  is desirable to have these asbestos rings packed 
in tightly, so that large amounts of air cannot get 
into the graphite and effect a gradual combustion of 
it. The furnace is now completed and ready for 
connection to the power circuit and rheostat. The 
connection to the resistance wire is made by coiling 
tightly around it for ten or twelve turns copper wire 
of about 18 <ga. Connection can be made from this 
copper wire to any desired conductor.

A s winding for the heating element, the nichrome 
wire from the Driver-Harris W ire Co., Newark, N. J., 
seemed to give the best results.

The time required for the winding reduces itself, 
after some experience, to a short and easily executed 
operation. The writer, w ith the help of a boy, has 
repeatedly wound with hand feed, including all 
manipulations, three elements in an hour.

The life of the element is, of course, effected much 
b y  the care exercised in the daily use of the furnace. 
It  is important, for instance, that the element, after 
it has been in use some time, should not be subjected 
to any sudden jar or jerk, such as is occasioned when 
the hand slips off the stopper when tightening it  in 
the combustion tube just after inserting a boat. The 
element should not be subjected to any undue longi
tudinal or rotary motion in this operation of corking 
the tube, as such abuse tends to loosen the element 
from the heat insulation and also increases the possi
bility of short circuit of the windings. Four elements 
used in pairs by the writer and k ep t under heat for 
a 14-hour day, each lasted four to five months. He 
has now been using for about three months his third 
pair of elements.

Some irregularity has been noted with some lots 
of wire received, due to its having been heated too 
hot in the annealing. Such wire shows in the frac
ture a coarse crystalline structure with a bright 
lustre at the edge. I t  is brittle. Extrem e care must 
be taken to avoid short kinks in it and consequent 
breaking. I f too bad it can be annealed b y  passage 
of the electric current; or with those inexperienced 
in this, it should be returned to the makers, to be 
replaced with wire that is satisfactory.

The furnace to yield 1800 to 1850° F. should have 
connected in the circuit about 3 to 5 ohms rheostat 
resistance, depending on the voltage, and should 
take 3 .2  to 4 .0  amperes, depending also on the vo lt
age. Where, on account of rather coarse sample, 
or for other cause, it is thought advisable to tempor
arily raise the temperature of the furnace above 1800 
or 1850° F . this can be done b y  simply cutting out 
one or two ohms of the rheostat resistance. How-
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ever, some judgm ent m ust be used in doing so with a 
heating element th at has been in use some months, 
as the wire has become somewhat oxidized and is 
somewhat reduced in cross section area. The tem 
perature m ay be raised a t an y time b y  cutting out 
some of the rheostat resistance, but with this or any 
other kind of wire resistance furnace excessive tem 
perature is alw ays at the expense of the life of the 
furnace.

As heat insulator m any materials were used with 
varying degrees of success. Powdered MgO, C. P., 
is satisfactory. MgO of the commercial grade both 
“ lig h t”  and “ h e a v y ”  seemed to contain some agent 
that attacked the heating wire. This objection might 
be overcome by a thorough ignition of the commercial 
grade at high temperature before using. Of the 
various heat insulators tried other than that de
scribed in the furnace as adopted for general use, 
and MgO th at which would seem to lend itself under 
some circumstances to a practical using, is a special 
form or brick made from fire clay. I t  is made cylin
drical, so as to be, when burned, 12" long b y  7" diam 
eter w ith a two-inch hole through center of its circular 
cross section. This brick was made both in one piece 
and in two longitudinal sections. There are objec
tions to this brick arising from the mechanical pack
ing and the handling of the heating element with them, 
the breaking of the brick, and the lack of suitable 
equipment in most places for making them. If this 
form of brick should be used the iron outer casing 
would not be necessary. Some form of support 
with cylindrically hollowed top or with upward 
projecting pins to prevent rolling is all that would be 
required. However, for reasons of cleanliness and 
durability, the outer casing as described was adopted 
and for reasons of cheapness, ease with which ob
tained, and good results achieved, the pipe covering 
as described was also adopted.

W hile this description is given using a quartz 
tube, the time required for removing the combustion 
tube and replacing it with another is so short that 
any other kind of tube— porcelain, glass or platinum —  
m ay be p u t in service in the furnace at will. This 
changing of combustion tubes when not a necessity 
is hardly to be recommended, however, with a fur
nace heating element which has been in continuous 
service some months. The reason for this is the 
increased likelihood of short circuit of the turns of 
wire on the outer quartz tube caused by these turns 
becoming displaced (the asbestos cloth having 
shrunken) when this tube is put in the vertical posi
tion for introducing the graphite between the two 
tubes. On account of not being able to use red lead 
or any oxidizing flux in quartz tubes it is the prac
tice in this laboratory, where carbon in a great num
ber of all the varieties of ferro alloys is required to 
be determined, to keep a pair of furnaces equipped
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with 24" b y  3/l" bore R oyal Berlin porcelain combus
tion tubes ready to be connected in circuit for use 
whenever needed. Of course the usual precautions 
against breaking a porcelain tube m ust be observed 
when introducing the boat into the porcelain tube.

The furnace here given as adopted for general use 
has proven highly satisfactory for the uses intended. 
T he features embodied in the use of the thin woven 
asbestos cloth as a bed for the wire windings and the 
use of the graphite in the space between the tubes 
as the heat conductor are highly valuable and are, 
so far as the writer is aware, entirely new. The as
bestos cloth can be obtained from any chemical ap
paratus supply house; the chip Ceylon graphite from 
any manufacturer of plumbago crucibles.

The actual cost for the entire furnace as made is 
itemized as follows:

Outer casing:
Materials............................................................  $0 .76
Labor......................................................................  2 .26

Heating element:
15* x  1 Vi" bore quartz tube  .........  3 .12
Asbestos cloth.....................................................  0 .15
W ire........................................................................  0 .53

H eat insulator...........................; ......................... 0 .22
Porcelain insulators  ...............................  0.01
Graphite.....................................................................  0 .05

Total........................................................... 7 .10

It  is w orthy of note th at the only parts that deter
iorate so as to need replacing a t the time of successive 
rewindings of the heating element are the asbestos 
cloth, the resistance wire and the inner piece of pipe 
covering, w ith an aggregate cost of ninety cents.

The laboratory treating furnace is used in two sizes. 
The smaller for the n o  vo lt circuit is made in two 
variations. One of these is exactly  like the combus
tion furnace w ith the omission of the combustion 
tube. The other is identical except that 17-gauge 
nichrome wire is substituted, winding io 1/ /  at eleven 
turns to the inch. W orking in temperatures higher 
than are needed for combustion furnace practice, 
this larger wire affords an increased length of life 
over the 18-gauge. The maximum safe carrying 
capacity as given b y  the manufacturers is 9 amperes 
for the 18-gauge and 10 amperes for the r 7-gauge. 
This is doubtless true for the wire in the open air, 
but when encased in a heat-insulating material 50 
to 60 per cent, of these figures should not be exceeded. 
W hen either this or the large furnace is in use, each 
end of the quartz tube is plugged tigh tly  w ith asbes
tos wool to hold the heat.

The larger size is for the 220 v o lt circuit. I t  is 
similar to the combustion furnace. The outer cas
ing has an iron cylinder which is 8" inside diameter 
b y  17" long. The heating element is made on an 
18" x  i 1/ /  bore quartz tube. 18-gauge nichrorpe 
wire is used, winding 1 5 V 2  inches a t eleven turns to 
the inch, using about 90 ft. of the wire including the 
leads from the furnace. A s heat insulator, two layers,

each i 1/ /  thick, of magnesia-asbestos pipe covering 
of size for i 1/ /  and for 41/** pipe are used.

These furnaces have value in affording a very  
thoroughly uniform temperature for their full length, 
except the extreme ends. T h ey have also the ad
vantage of having nothing about them which pro
duces dirt in the laboratory. T h ey cannot be said 
to be desirable for constant use in temperature ap
proaching the “ breaking dow n”  point of the wire. 
The life of the furnace, when yielding a temperature 
22000 F . and above, is short. In some instances, 
where the conditions afforded by a tube of this type 
have been desired, a temperature of 2400o F. has 
been maintained for a short time. The tempera
ture m ay be raised (within the limits of endurance of 
the ware) or lowered at will and maintained at any 
desired temperature by sim ply cutting out or throw
ing in resistance w ith the rheostat. The furnace is 
found very  useful in annealing small pieces of steel 
for analytical purposes and in handling pieces, where 
the size will permit, which are preferably treated 
in the laboratory. I t  is useful in recalesence deter
minations and in other experimental work of various 
sorts where a controllable, constant and uniform 
tem perature in an atmosphere free from the influence 
of flam qis desired.

TheRheostat.— During the early stages of experimenta
tion with the furnace the problem of a satisfactory 
rheostat presented itself. N ot being able to find in the 
m arket one built for just the conditions a t hand, the 
one here given was designed.

I t  is made in the form of a spool and consists of a 
sheet steel or iron cylinder (1), with wood fiber 
top and bottom  ends (2). The spool is held 
together b y  four bolts (3), 53/i" long b y  l ¡ "  
diameter, extending com pletely through the spool 
just inside the metal cylinder, thus serving to hold 
the ends in place and to keep the cylinder concentric 
with the coil-button circle (4). A  layer of asbestos 
cloth or paper (5), Via" thick, is wrapped around 
the cylinder and is held in place b y  the coil of re
sistance wire (6). One end of this resistance wire 
is fastened under binding post (7), which is in the 
com er of fiber board bottom. The wire is then 
wound tightly  around the cylinder in coils 1/t" apart 
and the other end fastened under the first screw (8) 
of the coil button circle. T w en ty  turns are thus 
wound on the spool. The sheet m etal cylinder, 
which is 5" long and 41/ /  outside diameter, is increased 
to 41//' diameter b y  the asbestos covering, giving a 
circumference of 13.35". F or the windings 22-ga. 
(B. & S.) nichrome wire, which has a  resistance of 
0 .9 ohm per foot, is used. A  coil of this size has 
then a resistance of one ohm per turn. The fiber 
top is provided w ith a  circle of coil-buttons twenty- 
two in number placed 1/2" apart between centers 
a t a radius of 25/8" from the center of the fiber top.
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Brass bolts (round-head machine screws) 8 x  32 
size and 7/s" long are used for these buttons. Holes 
the body size of the screws are drilled through the 
fiber top, the screws inserted, and one nut screwed 
tightly on the under side, thus holding the bolt. Each 
turn of the resistance wire is in succession tapped by 
pinching around it  a piece of copper wire (9) about 
iS-ga., which is led upward to the lower end of the

corresponding brass bolt, where it is bent around the 
bolt and held against the first nut b y  a second nut. 
The switch arm (10) is a piece of sheet brass about 
1/l6" thick and 5/g" wide, having a hole w ith about 
No. 19 drill (0.166" diameter) through each end 
25/s" between centers. Through the center of the 
fiber top is a No. 19 hole. Through this hole is in
serted from the lower side a No. 8 x  32 brass screw
(11). A  brass nut (12) is screwed down tigh tly  on 
the top side and a washer or jam b nut (13) is put on. 
One end of the brass arm (10) is placed on the bolt 
over this washer and a binding post (r4) is screwed 
on. The binding post should be tight on the screw
(11) and be stationary, but the brass arm (10) should 
be free to turn. The other end of the arm is pro
vided w ith a  brass screw (15) and a fiber handle (16). 
T he switch arm should, of course, press firmly on the 
coil-buttons so as to give a good contact. A  wire 
carrying the electric current is inserted a t (17), the 
current passes through the resistance -wire (6) and out 
a t (8) through brass ann and to binding post (14), 
where connection is made to furnace wire. When 
the arm is on button (S) the entire 20 ohms are in

circuit; placing arm on the next button (18) cuts out 
one turn of resistance wire (6), giving 19 ohms. A d 
vancing thus each button cuts out 1 ohm. B utton 
(19), which is connected to the first coil above (7) 
thus gives 1 ohm. B utton (21) (not shown in draw
ing) is adjacent to button (19), connection from this 
drops directly down, through the bottom fiber board, 
and is connected to (7). This gives the full load 

w ithout resistance. B utton 
(20) (also not shown) is adja
cent to (8). I t  is unconnected 
and breaks the circuit.

The cost of materials of the 
rheostat as made by the writer, 
has not in any case exceeded 
$1.02. The mechanic’s time 
should not exceed two hours.

The rheostat as first made 
by the writer had for the top, 
slate of 1/2" thickness, and had 
the binding posts adjacent and 
on the same circle as the coil- 
buttons. The use of the board 
fiber and the arrangement of 
the binding posts as here shown 

introduced((by Mr. M. A. 
Allen at the time of his begin
ning the use of this furnace in 
May, 1909. The use of the 
board fiber has, as compared 
with slate, the decided advan
tages of being easily procured, 
easily cut and drilled, and of 
being non-breakable.

I t  has been the purpose in this article to give to all 
fellow laborers the necessary details of the informa
tion gleaned, in the hope that it m ay be of help to 
some and so th at any can, b y  following the details
given, produce at nominal cost a furnace which will
do the work for which it was designed.

The Writer is indebted to Mr. Myron A. Allen, 
Chemist to the Brown-Lipe Gear Co., for his very 
kind service in m aking the accompanying drawings 
of the furnace and the rheostat and also for the changes 
mentioned in the design and material of the rheostat.

L a b o r a t o r y  o f  H a l c o m b  S t e e l  C o m p a n y ,

S y r a c u s e , N .  Y . ,

January, 1910.

[ C o n t r i b u t i o n  f r o m  t h e  L o u i s i a n a  S u g a r  E x p e r i m e n t  S t a t i o n , A u d u 

b o n  P a r k , N e w  O r l e a n s .]

OCCURRENCE OF FORMALDEHYDE IN SUGAR 
CANE JUICE AND SUGAR-HOUSE PRODUCTS.

B y P. A. Y o d e r  a n d  W . G, T a g g a r t .

• Received April 2, 1910.

In an investigation on some minor constituents 
of the sugar cane and sugar-house products, we di
verged from the main branch of the problem pur
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sued (the acid constituents) to investigate the occur
rence of formaldehyde and incidentally for the further 
elaboration of a method for quantitatively estim ating 
small amounts of formaldehyde. We were led to 
this sideline investigation by a consideration of the 
facts (1) that formaldehyde is very convenient to 
use and frequently is used to preserve fresh, juice in 
the sugar house when boiling is interrupted from any 
cause; (2) that it is recommended by some as a clari
fying agent; (3) that formaldehyde is objectionable 
in food products; and (4) that it has never, as far as 
we know, been proved, but is generally assumed 
that it all boils aw ay in the evaporation of the juice 
to a massecuite. Further com plicating the problem 
are some recent reports that in caramelizing sugar or 
even in boiling sugar solutions, formaldehyde is formed. 
T rilla t1 and A . A. R am sey2 report thus. Chas. H. 
L a  W all3 ca lls ’into question the conclusions of T rillat 
and Ram say, pronouncing the test which the latter 
used as unreliable. T h at formaldehyde can form 
unstable compounds with some of the sugars has been 
reported b y  several investigators. Lippm ann' men
tions such a compound with cane sugar.'

The preliminary work on the detection of the form 
aldehyde in sugar-house products and on the quanti
tative methods for its estimation was done by us 
jointly, the junior author carrying out most of the 
laboratory tests. The working out of final details of 
the quantitative method used and its application to the 
juices and sugar-house products reported here was 
done b y  the senior author, who alone and in a private 
capacity is responsible for the formulation of this 
report and the conclusions drawn.

Methods for Detecting and Estimating Formaldehyde. 
— O f qualitative tests for formaldehyde there is no 
lack and m any of them are exceedingly delicate. The 
reliable quantitative methods usually mentioned in 
text-books, e. g., the IvCN and A gN 03 method, or the 
H 202 acidimetric method, are not sufficiently delicate 
to use with the very small quantities with which 
we found it desirable to work. Hehner’s test with 
milk and concentrated H 2S04 containing a trace of 
iron, as well as a similar test with H C1, seems to be 
characteristic of formaldehyde and so delicate for 
qualitative work th at we were led to look hopefully 
to modifications of these for a" quantitative method 
which, even if not extrem ely accurate, is sufficiently 
accurate and delicate for our purpioses. F. W. R ich
ardson5 modified Hehneir’s method to make it colori- 
m etrically quantitative, using in place of milk a clear 
solution containing albumose, which he prepared

1 C. r. d. I’Acad, des Science, 142, 454-6. Chem. Centr., 1905, I, 18. 
131, 1178; 1423; 1906, I, 917. 1193. Z. Ver. Rubenzucker Itid., 1906, 9 3 -  
103. Bui. de I'Asfioc. des Chim. de Suer, el d eD is t., 23, 649-652.

2 Jr. Roy. Soc. N . S . W ., (1907) 41, 172-5. Intern. Sugar J r ., 11, 100. 
Bui. de VAssoc, d. Chim. de Suer, el de Dist., 26, 587.

3 Am . J . Pharm*. 81, 384. Chem. Abstr., 3, 2836..
4 Chem. d. Zuckerarten, 2, 1320.
8 J . Soc. Chem. Ind., 26, 3 and 4; Chem. Abstr:, i ,  750.

by incompletely digesting egg albumen with a solu
tion of pepsin and H C1. Seeking a similar substitute 
for milk in the method with ferruginized concen
trated H C1, we tried first a solution of dried peptone, 
such as is used in bacteriological laboratories. This 
worked so satisfactorily that we did not take further 
trouble to prepare partly digested albumen. Sub
stituting this peptone solution for milk, we had a 
very delicate reagent and the resulting colored solu
tions were so clear as to be well adapted for com
parisons in .Nessler’s tubes.

In the preliminary work, i cc. of the distillate or 
other solution to be tested was mixed with 5 cc. of 
a 1 per cent, peptone solution and 5 cc. of concentra
ted H C1 containing one part FeCl3 in 5000 parts acid. 
This m ixture was gradually heated in a small flask 
over a free flame to from 8o° to 85°, held at that 
temperature 2 minutes, and then allowed to cool. 
Thus we tested the following compounds closely related 
to formaldehyde or frequently accompanying it: acetic 
aldehyde, benzaldehyde, sucrose, dextrose, levulose, 
xylose, ether, ethyl and m ethyl alcohols, acetic, lactic, 
oxalic, propionic, glycolic, citric and benzoic acids, 
phenol, metol, pyrogallol, furfurol, potassium cyan
ide and acrolein. Of these the glycolic acid and the 
ether are the only ones that gave the same color. 
The same sample of ether, after being thoroughly 
washed, ceased to give it. We conclude that the 
ether was contaminated w ith formaldehyde and proba
bly the glycolic acid likewise. A fter the publica
tion of the article b y  La W all above referred to, in 
which he assigns furfurol as the cause of R am sey’s 
supposed test for formaldehyde in caramelized sugar 
products, additional tests w ith furfurol were made 
according to. the details as finally worked out for this 
method and reported below. Though applied to solu
tions of furfurol ranging in strength from 1 in 1,000,- 
000 to 1 in 100, we got no reaction except the faint 
tint which water alone gives with the reagents. A s
suming the ferruginized concentrated H ^ O j reacts 
or fails to react in the same cases, we m ust conclude 
that L a  W all was in error and that his furfurol actually 
had formaldehyde in it, but n o t in sufficient quantity 
to show in the less sensitive test of Rimini, upon which 
L a  W all depended to prove the presence or absence 
of formaldehyde. A s ultim ately applied to cane 
juice and sugar solutions, -our method in detail is as 
follow s:

The sugar solution is acidified with H 3P 04, then 
distilled from a bath of boiling saturated common 
salt solution with a. current of steam superheated to 
a  temperature such that there will be but little change 
in the volume in the. distillation flask. To 5 cc. of 
the distillate in a  test tube, size 20 mm. b y  18,0 mm., 
add 5 ,cc. of a 1 per cent, peptone solution (recently 
dissolved and filtered) and 10 cc. concentrated H C1 
containing 1 part FeCl3 to 5000. M ix these w ith a



2Ô2 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 .  June, 1910

heavy glass stirring rod with rounded end, which m ay 
conveniently remain in the tube to weight it down 
and aid in mixing while heating in the water bath. 
Prepare likewise any number of other samples and at 
the same time a set of standards for comparison, 
which m ay conveniently include strengths 1 : 50000, 
x : 100000, i : 200000, 1 : 500000, 1 : 1000000,

• 1 : 20000000 and a blank. The test tubes, suspended 
through holes of an appropriate size in a board, are 
suspended in a water bath previously heated to such 
a temperature slightly above 8 2.5° C. that the cold 
tubes will bring it down to about 82 .5°. Keep it 
in the bath a t this temperature for altogether 5 min
utes, occasionally shaking by a rotatory motion of 
the board so that the glass rods in the tubes will ro
tate and help m ix the contents, then set into a bath 
of cold water. A fter cooling, the color intensities 
of each sample and its most nearly m atching stand
ard are matched in the ordinary w ay b y  varying 
the depths of the columns in Nessler’s tubes. From 
these data the strength o the sample is determined. 
I f the sample is stronger than 1 : 100000 it should 
be diluted tenfold or a hundredfold before mixing 
and heating, to bring it within the range 1: 100000 
and i : 1000000. As the dilute solutions of formal
dehyde do not keep well, the tests should be made 
not too long after distilling and the standards should 
be made up from strong solutions not over a day or 
two prior to the time of using them.

A n extended study of this method developed the 
following fa cts :

Blanks with the reagents available to us alw ays 
gave a slight coloration, barely distinguishable from 
that with a standard r : 5000000. Practically the 
method is not applicable to solutions weaker than 
1 : 1000000.

W ith solutions of formaldehyde stronger than 
1 : 100000 and reagents of same strength as before 
indicated, the increase in intensity of color is not 
correspondingly great. Instead of a deeper color, 
it develops a color less towards the violet and more 
towards the purple shade. Diluting afterwards to 
like strengths will not bring such pairs to like inten
sities of color.

Stronger solutions of formaldehyde with reagents 
stronger in both peptone and FeCl3 will develop a 
correspondingly greater intensity of color.

The proportion of FeCl3 to the peptone should 
not vary  greatly from that given above to get best 
results.

N itric acid m ay be substituted as the oxidizing 
agent for FeCl3, using 1 .6  cc. normal H N O a to 100 cc. 
concentrated HC1, as was done b y  Shrewsbury and 
K n ap p ,1 but, contrary to the conclusions of these 
gentlemen, we did not find the H NOs possessing any

1 Analyst, 34, 12-14. (This repoft came to our attention after prac
tically all our work on the method was completed.)

advantage, b u t having the disadvantage of decom
posing and losing its activ ity  quickly on standing 
after mixing with the H C1.

W ith the water bath as low as Shrewsburg and 
K napp report, viz., 50°, we found the action too feeble 
to be satisfactory, and likewise a t 66°.

The color, after cooling, changes very slowly towards 
blue and less intensity, allowing one or two hours after 
heating to make the comparisons, provided, however, 
that sample and standard stood equally long.

H eating the m ixture over the free flame in a casse
role, controlling the temperature b y  the aid of a ther
mometer, gave less good results and was far less ex
peditious where m any samples and standards had 
to be prepared.

In these experiments, in which superheated steam 
was used, the steam was superheated, for w ant of a 
better w ay, b y  passing it  through a' copper spiral 
over a small flame. Its temperature was controlled 
b y  use of a thermometer in the current of the steam 
about 5 inches above the neck of the distillation 
flask and about 10 inches from the liquid through 
which it  bubbled. The temperature at the ther
mometer was held a t about 1 15 0, never going above 
120°, except in Nos. 5, 7, 9 and 10, in which it  was 
held at 120° to 1250. W ith the distillation flask in 
a boiling water bath and the inflowing steam at 1 15 0, 
the volume increased about 9 cc. for every 50 cc. dis
tilled. W ith the boiling saturated brine bath and the 
steam  at 115 0, the volume decreased about 7 cc. for 
every 50 cc. distilled. Though we adhered in most of 
these tests, for the sake of uniformity and com para
tive results, to the one temperature, 1 15 0, our recom
mendation is to choose a lower temperature, or, if 
necessary, to omit superheating the steam, so that the 
volume in the distillation flask m ay remain constant.

Application in  Examination oj Cane Juices, Sugar- 
House Products and Special Mixtures.— The test for 
formaldehyde, of course, could not be made in the 
presence of the sugar and other constituents of the 
juice, therefore distillation was necessary to separate 
the formaldehyde from interfering substances. E x 
periments were tried with and w ithout previously 
acidifying and b y  distillations from free flame, from 
oil bath, by steam  from oil bath, by superheated 
steam  from w ater bath, and b y  superheated steam 
from brine bath.

In the preliminary work, while we were following 
the method of heating over the free flame and com
paring samples and standards that were prepared in 
succession, the results were not alw ays regular or 
conclusive, but among the following conclusions, 
those not based upon the results of the final tests 
reported in the accompanying table are based upon 
regularities in the results of the preliminary tests, 
such as seemed to justify  the conclusions.

In all the distillations the mouth of the condensers
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touched, or nearly touched, the narrow neck of the uct, the distillate from which gives the formaldehyde
receiver flask, but no further provision was made to reaction, is actually formaldehyde, though we are
guard against the escape of formaldehyde into the satisfied it  is not furfurol. I t  does seem strange, if
air. . formaldehyde is formed b y  very slight carameliza-

In tests in distilling in this manner, m oderately tion in such large quantities as indicated b y  Nos. 1 a
strong formaldehyde solutions (1 per cent.), acidified and 2a in the table, that jams, caramel candies, and
with phosphoric acid, and determining the formalde- many other sweetmeats can be eaten with such im-
hyde in the distillate b y  the K C N -A g N 03 method, punity as they are.
the recoveries were 84, 91, and 102 per cent., respect- In distilling sugar solutions with superheated 
ively, in three tests. * steam, the distillates show only traces of formalde-

If water is distilled with superheated steam from hyde and succeeding fractions are nearly constant in
a  10 or 15 per cent, sugar solution, not acidified, there formaldehyde content (Nos. 7 and 12). In 250 cc.
are only traces of formaldehyde shown in the distil- of distillate w ith superheated steam through a solu-
late (Nos. 5, 6 and 11 in the table). tion of 15 grams sugar in 100 cc. water, only 0.143

In distilling an acidified juice or sugar solution mg. formaldehyde was formed,
from  the direct flame (Nos. 1 and 4), the succeeding A  number of other samples of fresh juice not re
fractions of the distillate increase in the amount of corded in the table, including one from green top
formaldehyde as the caram elization point is ap- joints of cane, gave results not rem arkably different
proached. The browned residue, redissolved and from No. 1 here reported.
again subjected to distillation, yields distillates rela- In  preliminary tests in which formaldehyde was
tively  strongly charged with formaldehyde Nos. added to water and to sugar solutions, there was evi-
xo, 2a and 3a). These results seem to bear out the dence that sugar tended to hold back a small portion
conclusions eached by T rillat and Ram sey, cited of the formaldehyde from distilling over,
above, with reference to the formation of forma'de- Adding formaldehyde to cane juice or sugar solu-
hyde in the caram elization of sugar. However, we tions in the proportion of 1 mg. per 100 cc., it  is re-
are still not quite sure that this caramelization prod- covered in the distillate either from direct distilla-

T a b l e  o p  F o r m a l d e h y d e  D e t e r m i n a t i o n s .

Form aldehyde found in  fractions o f  d istilla te .

No. o f
test. Com position o f m ixture.

1. 200 cc. juice +  5 cc. H3PO42..............................
la . Residue from 1 +  170 cc. water........................
2 200 cc. juice 4- 2 mg. CH2O 4- 5 cc. HJPO4.

2a. Residue from 2 4- 170 cc. water.
3. 200 cc. juice 4- 2 mg. CH2O. . . . .

3a. Residue from 3 4- 170 cc. water............................
4. 20 g. sugar I 3 4- 200 cc. water 4- 5 cc. H3PO4.
5. 10 g. sugar I  4- 100 cc. w ater.............. ....................

6 . Duplicate of 5.

7. 10 g. sugar I 4-

9. 10 g. sugar I 4- 100 cc. water 4*

10. 10 g. sugar I  4- 100 cc. water 4*

11. 15 g. sugar I I 4 4- 100 cc. w ater ..

12. 15 g. sugar II  4- 100 cc. water 4-

15. 15 g. sugar, run 6 , made with CH^O 4- 100 cc. water 4- 5 cc. H3PO4

16. 15 g. molasses, run 5, made without CH2O 4- 100 cc. water 4- 5 cc.
H3PO4........................: .........................................................

17. 15 g. molasses, run 6 , made with CH2O 4- 100 cc. water 4- 5 cc. !

1 In  these fractions of the distillate there was a slight cloudiness and probably interference with the test.
2 The H3PO4 solution in each case was an' 85 per cent. sol.
3 Sugar I  is commercial refined sugar from the local market.
* Sugar II is commercial sugar from India.

In 1st In 2nd In 3rd In 4th In 5th
C H aO
recov

M anner o f 50 cc. 50 cc. 50 cc. 5» cc. 50 cc. ered
d istillation . mg. m g. m g. mg. mg. m g.

.D irect overflame .0.025 0.100 0.250 0 .375.. 0 .50 0 .50 0.50 ...... 1.50.. 0.86 0 .94 0 .96 0 .3 0 0 .16

.. .. 0 .50 0 .50 0 .50
in 15 cc. in 6 cc. 3 .22

1 .50.. 0 .39 0.81 0.66 0 .19 0 .08

0 .62 0 .63 0 .57
in 15 cc. in 6 cc. 2 .13

1.82
0.059 0.190 0.270 0.519

Superheated steam and
in water bath 0.009 0.010 0.009 0.028

Superheated steam  and
in water bath 0.012 0.011 0.011 0.034

Superheated steam and
in water bath 0.025 0.028 0.027 0.027 0.107

Superheated steam and 
in  water bath 0.021 0.027 0.028 0 .076

Superheated steam and
in water bath 0 .36 0.35 0.20 0.21 1 .12

Superheated steam and
in water bath 0.53 0.37 0.21 0 .1 8 1.29

Superheated steam and
in brine bath 0.008 0.008 0.008 0.024

Superheated steam and
in  brine bath 0.025 0.025 0.028 0.033 0.032 0.143

Superheated steam and
in brine bath 0 .46 0 .27 0 .14 0 .09 0 .08 1-04

Superheated steam and
in brine bath o.ooo* 0.025» 0.028 0.043 0.047 1.43

Superheated steam and
in  brine bath 0.0071 0.030» 0.047 0.054 0.054 0.192

Superheated steam and
in brine bath 0.0001 0.008» 0.031 0.028 0.025 0.092

Î3PO4 Superheated steam and 
in brine bath 0 .0 2 7 1 0 . 100» 0.118 0.123 0.100 0.468
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tion or from distillation with steam, in such amounts 
that the tests, quantitatively applied, can serve easily 
to distinguish between products to which it has, 
and those to which it has not been added (Nos. 2, 10 
and 13, and Nos. 1, 4, 7 and 12). From these acidi
fied formaldehyde solutions, the formaldehyde conies 
off most copiously in the first tractions. When not 
acidified this is less marked and the total recovery 
is less in the same total volum e of distillate (cf. Nos.
3 and 9). When made alkaline with NaOH, as we 
did in some preliminary trials, the tendency to hold 
back formaldehyde in the sugar solution was many 
fold greater.

Coming now to the main question which concerned 
us, viz., Does formaldehyde added to juice in the 
sugar-house all boil aw ay or does it persist in any 
final salable products? we seek the answer in tests 
Nos. 14 to 17.

Runs 5 and 6 were made at the small mill of the 
Louisiana Sugar Experim ent Station, the former 
w ithout the addition of any formaldehyde either in 
that or the immediately preceding run, and the lat
ter with the addition of formaldehyde to the fresh 
juice in the proportion of about 1 part of formalin 
(40 per cent. sol. of formaldehyde) to 160,000 parts 
of juice, or 25 parts CH20 to a million. The clarifica
tion in each run was as usual with sulphurous acid, 
followed b y  liming back almost to neutrality. The 
concentration was accomplished as usual with re
duced pressure in the “ effects” and vacuum  pan. 
The sugars used in these experiments (Nos. 14 and 
15) are the first sugars, testing about 96 per cent., 
and the molasses samples (Nos. 16 and 17) are of 

‘ the first molasses in each case, testing about 43 per 
cent, sucrose and 58 purity. In the distillation with 
superheated steam and the formaldehyde determina
tion in these samples, carried out as above described, 
a peculiar condition developed which was not noted 
in the previous samples with pure sugar solutions. 
The first one, or two fractions of the distillate, were 
slightly cloudy, and these same fractions, which 
should have been highest in formaldehyde, gave no 
reaction, or only very weak ones for that substance. 
This leads us to suspect that our test in these cases 
does not show the total quantities of formaldehyde 
present. Suspecting that the interfering -substance 
m ay be sulphurous acid, or possibly other sulphur 
compounds, tests were made and it was found that 
the addition of sodium sulphite strongly interfered, 
that sodium thiosulphate com pletely prevented the 
color development, and that hydrogen sulphide but 
slightly affected the intensity of the reaction. N ot
withstanding these probable shortages in the total 
formaldehyde recovered, we still find evidence of an 
excess of formaldehyde in the products from juice 
to which it had been added, very  small in the case of 
the 1st sugar, but more pronounced in the case of

the 1st molasses. In the 1st sugar it amounts to 
12.8  parts CH20 per million as against 9 .5  parts per 
million in 1st sugar from juice without added form
aldehyde, or an excess of 3 .3  parts per million. In 
the first molasses it amounts to 3 1.2  parts per mil
lion as against 6 .1  parts per million in 1st molasses 
from juice w ithout added formaldehyde, or an excess 
of 25.1 parts per million. The molasses is thus found 
to be as strongly charged with this excess of formalde
hyde as w as the juice from which it was made. A s
suming that the yields of 1st sugar and 1st molasses 
are 9 .5  per cent, and 6 per cent., respectively, of the 
juice, then the amounts of formaldehyde retained by 
them are about 1 .2  per cent, and 6 per cent., respec
tively, of that added to the juice, or a total of 7 .2  
per cent., which, as far as these tests show, was not 
boiled away. I t  is probable, as pointed out above, 
that these tests show only part of that actually re
tained. The small quantity left in this 96 per cent, 
sugar m ay justify  the conclusion that in refining the 
sugar this excess is all eliminated.

If the sugar is the only product uscd for food, then 
there need be no hesitation, on the score of health 
considerations, in using formaldehyde as a preserva
tive in juice in the sugar mill. If, however, the mo
lasses is also to be used for food, or if table syrup is 
to be manufactured, then the question of the per
m issibility of its use m ay reasonably be raised. To 
this question we deem the data now at hand to be 
insufficient basis for a definite answer. We should 
have the results from further tests of final and of 
intermediate products. We should develop a method 
to circum vent the interference of sulphurous acid or 
other substanes in the distillates, in the formaldehyde 
determination. We should make com parative tests 
also with syrup or molasses and sugar made b y  the 
open kettle method of boiling, with and without 
formaldehyde. We should, moreover, know in w hat 
form or combination the formaldehyde is held back 
in these sugar solutions, and whether it is deleterious 
to health in this form or combination.

SOME EFFECTS OF FEEDS UPON THE PROPER
TIES OF LARD.

B y  C. L . H a k e .

• Received April 11, 1910.

I t  is well known that in the feeding of hogs differ
ent feeds produce varying effects upon the carcasses 
of the animals and upon the characteristics of the 
fats produced.

The Department of Animal Industry of the A la
bam a Polytechnic Institute has through a series of 
years made extended experiments in pork produc
tion, p articu larly . from an economic standpoint.

W orking in cooperation with that department, 
there have been encountered lards which showTinter- 
esting effects of the feeds used in their^production.
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The following is a preliminary account of the in
vestigation undertaken to point out some changes 
in properties so brought about.

Am ong the available pork producing feeds some 
of the most im portant economically are com , pea
nuts, soy beans, cottonseed-meal and tankage, the 
three last being relatively rare as constituents of 
rations for hogs.

The results here given were secured on lards result
ing from three series of feeding experiments in each of 
which series these feeds were used.

In the first series of experiments examination was 
made of lards from thirty-six hogs.

The pigs in this series were divided into six lots 
and the feeding so conducted a to show the effect upon 
the lards of com, cottonseed-meal, tankage, soy 
beans and peanuts. The lots were further subdivided 
so as to show the effect of corn following peanuts, of 
cottonseed-meal following peanuts, and of tankage 
following soy beans and peanuts.

In  the second feeding trials results were again ob
tained on thirty-six pigs— the feeding in this series 
being intended to show the effects of, 1st corn, 2nd 
cottonseed-meal, 3rd tankage, 4th soy beans with 
varyin g rations of com, 5th soy beans and peanuts, 
6th soy beans and peanuts with a finishing ration of 
corn, 7th soy beans and peanuts with a finishing ration 
of corn and cottonseed-meal, 8th soy beans and peanuts 
with a finishing ration of com  and tankage.

The third experiment included twenty-three pigs 
and data were secured illustrating the effects of, 1st, 
corn; 2nd, tankage, 3rd, cottonseed-meal; 4th, soy 
beans with varying amounts of corn; 5th, soy beans 
w ith a finishing ration of corn; 6th, soy beans with a 
finishing ration of com  and cottonseed-meal; and 7th, 
soy beans w ith a finishing ration of corn and tankage.

Com  being the universal hog feed, one com-fed 
lot was carried in each series as a basis of comparison—  
the corn lards being used as standards.

In every series of experiments the feeding of each 
lot was so conducted and the slaughtering so regula
ted in point of tim e th at the full effect of the ration 
m ight be observed. Thus, in the com-fed lot of 
series No. 1 the pigs were slaughtered at intervals—  
the first a t the end of thirty-five days and the last 
a t the end of one hundred and forty-seven days.

Slaughtering one pig from each lot a t stated inter
vals furnished lards on which comparable results 
could be secured from all pigs in the different lots 
as well as in the same lot.

The period of feeding in days for each pig is indica
ted in the tables.

The rations of com , cottonseed-meal and tank
age were fed soaked.

The pigs were made to graze the soy beans and 
peanute.

All pigs in "each series entered the feeding trials at 
a fairly uniform age and weight.

All lards were rendered from the kidney fa t and 
thus represent uniformly the firmest fat obtainable 
from the pig.

Since the melting points and iodine values of lards 
arc more notably affected b y  feeds than are the other 
characteristics, and at the same time probably furnish 
a more accurate index to the qualities of lards than 
do the other constants, these values were selected as 
giving a sufficient showing of the changes produced.

In Table I are found results on lards from hogs 
w hich'had been fed on com  for periods varying from 
35 to 150 days. The results include lards from three 
feeding trials.

The lards in series 2, with the exception of those 
numbered 61, 42, 53/15, 23, and 34, had become slightly 
rancid when the iodine values were determined, but 
it  is not thought that the oxidation had proceeded 
so far as to seriously affect those values.

T a b l e  I.
No. days No. of Melting Iodine

fed. pig. point. value. Series. Ration.
63 101 43 .5 5 3 .8 7 '
91 103 4 3 .4 58.68

119 106 44 .2 57.60 1 Cornmeal
140 105 4 1 .6 57.37
147 104 40-5 5 7 .1 0 ,

Av., 56.92
35 72 43 .1 56.50
70 71 4 4 .8 51 .50
84 73 44 .0 49 .70 • * 2 Cornmeal

112 75 . 4 3 .0 56 .00 •
134 74 56.57

Av. 54.05
75 69 6 4 .7 9 '

n o 36 63.07 3 Cornmeal
125 42 60.04
150 8 60.07

Av. 61.98
Average, 57.35

Exam ination of these figures seems to show that 
com  as fed in these trials has not the effect of soften
ing pork to the extent indicated by results secured 
b y  some investigators, notably those of S h u tt1

On the other hand, the iodine values are some
w hat below the average value of th at constant for 
lards— this being particularly true of the lards in 
series 2, which gave an average iodine value of only 
54.05. " N ot only do the m elting points and iodine 
values indicate relatively firm lards throughout but 
the pigs which were fed corn continuously for a period 
of five months show no greater degree of softness 
than those fed for shorter periods on this ration.

In fact, the pigs in series 3 show an increasing 
firmness in the fat, though this m ay be attributed 
to the increasing age of the animal.

T a b le  II  shows the effect upon the two constants 
under consideration of a ration containingom uch 
cottonseed-meal.

1 Canada Cent. Ex. Sta., Bull. 38.
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Table II.
No. of No. of Melting Iodine

days fed. pig- point. value. Scries. Ration.
35 112 47 .7 6 1 .0 0 '
63 109 49 .8 53.57 1 Cornmeal
91 111 49 .3 53.57 2 /3 , cotton

119 110 48 .3 57.58 seed-meal
140 108 50 .0 55.16 1/3.
147 107 46 .8 5 5 .9 5 .
35 61 49 .2 48 .4 4 '
70 65 50 .8 51 .20 L ,
84 64 5 0 .0 51 .60

112 62 4 9 .6 5 0 .2 2 ,

Average, 53 .80

This m ixture contains a very  little more oil than 
the corn ration but constitutes a much higher pro
tein ration. I t  will be observed th at the melting 
points are m aterially elevated, while the iodine values 
suffer a corresponding depression.

This tendency has been often observed in this as 
well as in other rations where the protein content 
has been increased— e. g., com  and skim-milk, and is 
even more apparent in a ration containing much 
smaller amounts of cottonseed meal than the above.

Table III  gives results on lards produced b y  a 
ration consisting of com  9/10 and cottonseed-meal 1 /10.

Series. Ration.

Cor nm cal 
9/10 , cotton
seed-meal 
1/10.

Table III.
No. of No. of Melting Iodine

days fed. pig. point. value.
70 45 4 8 .6 5 3 .801
84 41 4 8 .4 50 .60  j

112 44 4 7 .6 5 5 .0  J-
134 40 4 9 .0 5 2 .0  1
99 42 49 .7 41.85 J
75 39 49.23

Average, 52.13

No. of No. of 
days fed. pig.

Melting Iodine 
point. value. Series.

35
63
91

119
140
35
70
84

112
91
91
75

110
125
150

131
132 
136 
135
133
53
54
51
52 
50
55 
1

43
37
2

5 9 .0 8 'I 
50 .06  I 
56 .59
57.80  
57.77  
4 9 .8 5 'I
56 .80  I
56 .53  {
56.53  
52.40
58 .80  
57.02  
61 .25 
52 .26  
5 3 .6 1 j

Average, 55.67

43.1  
45 .6
42 .5
4 1 .6
45.1

4 3 .0
4 2 .9

42 .2  
4 1 .4

Ration.

Cornmeal 9 /10  
Tankage 1/10

The figures in this table again seem to indicate 
th at the introduction of a high protein feed into the 
ration produces an elevation of the melting point and 
depression of the iodine value of lards. W hile the 
effect upon these two constants is not so pronounced 
as in the case of cottonseed-meal they are nevertheless 
significant and would seem to point to the presump
tion that the changes in properties brought about in 
fats b y  cottonseed meal are, a t least in part, due to 
the protein content of that feed.

For purposes of comparison, the averages on all 
lards produced from the four rations so far discussed 
are presented in Table V :

T able V.

Ration.
Cornmeal.................................................  57.35
Cornmeal 2 /3  1
Cottonseed-meal 1 /3  j 
Cornmeal 9 /10  )
Cottonseed-meal 1/10 J 
Cornmeal 9 /10  \
Tankage 1/10  ]  ' '  "

The increasing use of soy beans as a hog feed makes 
necessary the determination of the effect of this ration 
upon the finished product and a study of rations 
which m ay be suited to finishing hogs which have 
been fattened thereon.

Table V I  gives figures obtained on lards from pigs 
grazed on soy beans and a t the same time fed part 
rations of cornmeal:

Iodine value. Average of
. 57.35 14 lards

. . 53.83 10 lards

52.13 5 lards

. .  55.67 15 lards

Here we find the results on iodine values lower 
than where a more concentrated cottonseed-meal 
ration was fed. I t  is, however, probable that wdth 
results oh a larger number of lards from this ration 
more comparable figures would be secured, as there 
is no apparent explanation of this slight difference 
in properties.

In order to test further the effects of a feed contain
ing more protein than com , one lot of pigs in each 
series was fed a m ixture consisting of com  9/10 and 
tankage i/xo. Table IV  gives analytical results on the 
lards produced.

T able IV .

No. of N o. of Melting

Table-VI. 

Iodine
days fed. pig- point. value.

35 34 33.6? 100.5
75 76 ? 94.86
35 125 4 1 .8 71.09
35 23 4 0 .0 80.60
75 87 ? 82.70
35 15 40 .7 7 9 .0
75 68 ? 84.32

Average, 84.72

Series.

I
; }

Ration.
Soy beans and 1/4  

ration of corn
Soy beans and 1/2  

ration of corn

Soy beans and 3 /4  
ration of corn

Representing as these values do results on lards 
the firmest obtainable from the pigs— that rendered 
from the kidney fat— they illustrate the very  great 
softening effect of this feed upon the fat.

Some of the lards in this lot remain semi-fluid 
throughout the winter months and are too soft for 
melting point determinations.

W hether the softness is due solely to the oil in 
the feed or in part to the fact that it is grazed as a 
green feed has not yet been determined. I t  is proba
ble, however, that both factors influence the proper
ties of the lard. This would be in keeping w ith S h u tt’s 
results on pigs grazed on clover. Further, his ob
servations th at certain other green crops, as turnips 
and sugar beets, have no softening effect upon lards 
are confirmed by data secured in this laboratory 
from pigs grazed on sorghum.

This leads to the suggestion of the possibility that
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the legumes when fed green to hogs have a softening 
effect upon the fat.

W hile the soy bean feed is high in oil content, it 
is also relatively high in protein. The results there
fore in a measure contradict the assumption that pro
tein in the feed induces hardness in the fat. This 
further suggests the question whether the protein 
molecule in this feed breaks down into cleavage prod
ucts differing from those formed b y  cleavage of the 
protein molecule of corn and tankage' and, in turn, 
produces radically different effects upon the fat.

In  order to determine the persistence of the soft
ness of fa t produced by soy beans, three different 
finishing rations were employed: corn, cottonseed- 
meal and tankage.

Table V I I  illustrates the effect of corn in harden
ing the fat:

T a b l e  VII.

Ration— Soy bean grazing and 1/4 ration of cord followed by corn.

No. of days No. of Iodine Finishing
fed soy beans. pig- value. Series. ration.

75 76 94.86
7.5 98 83.92  1 Corn 35 days
75 88 69.77 [ 3 Corn 50 days
75 7 70.31 ) Corn 75 days

Average of corn-fed 
lot in this series ’ 61 .98

The limited number of pigs in this lot renders the 
results none the less valuable, inasmuch as they are 
fully confirmed by the figures in Table X I, which 
show the effect of corn following soy beans and pea
nuts.

Although these results show that corn produces a 
marked hardening eff.ct, y e t a comparison of the 
iodine values on numbers 88 and 7 with the average 
value of the corn-fed lot of this series, indicates that 
the properties conferred b y  the soy bean ration have 
in some m easure'persisted even after a period of 75 
days’ feeding on com.

Some difficulty was experienced in testing the harden
ing effect of cottonssed-meal as in this series nearly 
all pigs on a  ration of this feed died of cottonseed- 
meal poisoning.

However, two cottonseed-meal pigs in this trial 
made good growth and Table V I II  sets forth the 
results-secured on these:

Table VIII.

Preliminary ration soy bean grazing and 1/2  ration of corn.

No. of days No. of Iodine Finishing
fed soy beans. pig- value. Series. ration.

75 87 82.70
75 88 73.41 3 Cornmeal 2/3

Cottonseed-meal 1/3 
for 35 days

75 56 65.46 Cornmeal 2/3
Cottonseed-meal 1/3 

for 50 days

Average of corn lards 
of this series. 61 .98

T h e effect of the cottonseed-meal ration is what

was expected and the hardening effect would possi
bly have been greater could the time of feeding cot
tonseed-meal have been extended.

The softness induced by the soy bean ration is 
somewhat in evidence after 50 days’ feeding on cot
tonseed-meal.

The effect of tankage, the third finishing ration 
used in these experiments, is set out in Table IX :

T a b l e  IX .

Preliminary ration— Soy bean grazing and a 3 /4  ration of corn.

, No. of days No. of Iodine Finishing
fed soy beans. pig. value. Series. ration.

75 68 84.32
75 57 ' 68.83

75 ' 66 ’ 72,67

75 77 74 .0

Average values corn
lards. 61 .98

Here again there is illustrated the pronounced 
hardening effect of a high protein ration.

For some unexplained cause the hardening effect 
in this trial with tankage seems to be greatest a t the 
end of 35 d ays’ feeding period and the lards to in
crease in softness for longer periods of feeding. This 
is probably due to individual peculiarities of the pigs. 
There still appears a persistence of the properties 
originally contributed by soy beans.

A  study was also made of the persistence of the 
properties conferred upon lards by a ration o f . soy 
beans followed b y  peanut grazing.

There is first given in Table X  values obtained 
from pigs slaughtered off peanuts following soy beans:

T a b l e  X .

Ration— Soy bean grazing followed by peanut grazing.
No. of 
days fed 

soy beans.
No. of 
pig-

Melting
point.

Iodine
value. Series.

Finishing
ration.

35 127 4 0 .6 79.61 1 Peanuts 28 days
35 25 31.2? 89.84 2 Peanuts and 1/2 ra

tion corn 35 days
35 14 3 7 .0 76.94 2 Same
35 33 ? 89.70 2 Same

Average, 84.02

A  comparison of these lards with those from ..the 
soy bean fed pigs, as shown in Table V I , demon
strates th at while the average results of the two sets 
are practically the same, y e t some of the individual 
soy bean lards are very materially softer th a n ’ the 
softest of this lot, and that as between soy beans 
and peanuts the former has probably the greater 
softening effect.

In efforts to harden the fa t of the pigs fed upon 
both soy beans and peanuts, use was again made of 
corn, cottonseed-meal and tankage.

The effect of corn is shown in Table X I :

3 Cornmeal 2 /3
Tankage 1/3 for 
35 days 
Cornmeal 2 /3  

' Tankage 1/3 • 
for 50 days 
Same 75 days
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T able X I.
Ratioti-“-Soy beans followed by peanuts followed by corn.

No. days 
fed soy 

beans and No. of Melting Iodine Finishing
peanuts. pig- point. value. Scries. ration.

70 14 3 7 .0 76.94 2
70 10 3 6 .9 82.80 2 Corn 14 days
70 12 36 .8 73.93 2 Corn 42 days
70 11 39 .0 70.1 2 Corn 64 days

There is found here a  confirmation of the results 
recorded in Table V II, which illustrate the harden
ing effect of corn as well as the difficulty of harden
ing the fats to a normal firmness— using the corn 
lards as standard.

The effect of the corn is progressive and is greatest 
as in T able.V II during the first forty to fifty days.

Still further confirmatory results on the effect of 
corn were secured from a third trial with four pigs. 
The results are recorded in Table X I I :

T able X II .
Ration—Sorghum and 1/2 corn 35 days. Peanuts and 1/2 corn 28 days 

(preliminary).
No. days fed
preliminary No. of Melting Iodine Finishing
* ration. pig. point. value. Series. ration.

63 113 40 .8 70.08 1
63 116 41 .8 62.15 I Corn 28 days
63 117 42 .3 60.67 I Corn 56 days
63 118 42 .7 60.60 1 Corn 77 days

In Table X I I I  are given results secured on the 
soy bean peanut pigs, finished on a ration of 3/a corn 
and '/3 cottonseed-nieal.

T a b l e  X III .
Days fed
soy beans
and pea No. of Melting Iodine Finishing

nuts. pig- . point. value. Series. ration.
70 25 31 .2 89 .84  1
70 22 42 .4 76.1 2 2 /3  corn and 1/3 

Cottonseed-meal 
for 42 days

70 21 41.5 79.22 2 Same for 64 days

These results are not so striking as those found in 
Table V III , but the one set is confirmatory of the 
other. Cottonseed-ineal in the ration exercises its 
usual function of firming the fat.

The lot in this series finished on tankage puts this 
feed in a  most favorable light as a finishing ration, 
as will be observed by inspection of the figures in the 
following table:

T a b l e  X IV .
Preliminary ration—Soy baans 35 days followed by peanuts 35 days.

No, days 
fed soy

beans and No. of Melting Iodine Finishing
peanuts. pig. point. value. Series. ration.

70 33

39

89.70 2
Corn and 1/3

70 35 74.35 2\ tankage 42 days
70 31 41 .0 70.65 2 Same 49 ‘days
63 127 40 .6 79.61 Corn and 1/6
63 126 41 .9 66.40 1 ) tankage 28 days
63 130 42 .9 64.69 1 Same 77 days

While, as before stated, these results point to tank
age as a desirable ration for hardening the fat of 
soft hogs yet, on considering them in connection

with the results in Table IX , it is seen that confirma
tory feeding trials are necessary before the results 
in Table X I V  can be accepted.

Tankage, however, is free from the toxic effect 
which renders cottonseed-meal a dangerous hog feed 
and the data secured are sufficient to emphasize its 
value as a finishing ration. The results too show 
that it compares favorably with cottonseed-meal in 
its hardening effect on the fats. This, however, is 
not verified by examination of the carcasses nor by 
the results on pigs fed these rations without a  prior 
softening ration— see Table V — and further com 
parative feeding trials are in progress.

Below is given a further comparison of lards from 
the two feeds:

T a b l e  X V .

Preliminary ration—Soy beans 35 days. Peanuts 35 days. Corn 14 days
Days fed 

soy beans,
peanuts and No. of Melting Iodine Finishing

corn. pig. point. value. Series. ration.
84 32 36 .9 82.80 2
84 10 39 .2  . 71.60 2 Corn 2 /3 , tank

age 1/3 for 14 
days.

84 20 44 .4 71.80 2 Corn 2 /3 , Cot
tonseed - m e a l  
1/3 for 14 days.

The results on this lot of three pigs but serve to 
further confirm results recorded in the foregoing 
tables illustrative of favorable changes produced in 
the properties of lards by these two rations.

Summarizing the results, it  is found that corn 
m ay be fed w ithout regard to time lim it in so far as 
concerns any unfavorable effect on the properties of 
the lard.

Soy beans and peanuts both produce oiliness in 
the hogs and the lards resulting are extrem ely soft.

The fat of oily hogs can be hardened by rations of 
corn, cottonseed-meal or tankage— the two latter 
producing unusually firm lards.

The possibility is suggested that legumes when fed 
green m ay produce soft fats.

In  connection with the general subject here dis
cussed, there are presented below results which ac
centuate the extreme differences in properties which 
may be conferred upon lards b y  different feeds:

Iodine value
No. of Melting Iodine of liquid Saponification

pig- point. value. fatty acids. value.
34 ? 100.5 119 197.5

100 48.2 40.35 78 203.2

Pig No. 34 is selected from the soy bean fed lot.
No. 100 was fed throughout its life on slaughter 

pen refuse and weighed about 200 pounds when 
slaughtered.

This lard presents much the appearance of beef 
tallow and its constants possess much the same value 
as those of beef fat. I t  further responds readily to 
the Belfield test for beef fat.

A l a b a m a  P o l y t e c h n i c  I n s t i t u t e .
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SOIL HUMUS AS DETERMINED BY DIFFERENT 
METHODS.

By S h e r m a n  L e a v i t t .

Received April 6 , 1910.

From the wide variation in analytical results on 
samples of several different types of soil when analyzed 
foi percentage of humus by five well-known methods, 
the writer has been led to believe that these varia
tions m ay be partly accounted for by the fact that 
the several methods m ay individually include or ex
clude certain organic substances as humus.

The Official method for hum us,1 based on that of 
Grandeau, is, to m y knowledge, followed b y  most 
of the soil chemists in this country at least to the 
completion of the extraction of organic m atter with 
four per cent, ammonia. This method determines 
the organic m atter by evaporation of a clear aliquot 
free from clay (a difficult result to obtain) and by 
burning off the organic m atter in a platinum dish. 
We m ay therefore assume that soil humus is em- 
perically the total organic m atter, combined with a 
little inorganic m atter, soluble in a  solution of four 
per cent, ammonia at ordinary temperature. Thus 
far, I believe, all methods agree, however they disagree 
from this point.

As is well known, the Official method, when followed 
literally, is very unsatisfactory and gives abnormally 
high results This is due to the presence of clay 
which cannot readily be removed b y  the method 
as given. Different investigators have accordingly 
modified this method more or less to overcome this 
difficulty. Am ong the m odified. methods m ay be 
mentioned those of Cameron and Breazeale;2 Peter 
and A veritt;3 Mooers and H am pton;4 and C. W. 
Stoddart.5 Briefly, the principal modification of 
each of these four methods is as follows:

Cameron and Breazeale filtered off the clay by 
means of a Pasteur-Chamberland filter and deter
mined the humus in the filtrate free from clay,

Peter and A veritt used the Official method in 
connection with a correction factor of ten per cent, 
of the residue which is left after burning off organic 
m atter and which m ust be subtracted from the total 
loss in weight. This factor seems to apply fairly 
well in some cases but, as Mooers and Hampton 
have shown, it does not apply to all soils.

Mooers and Ham pton devised the method which 
is in use in this station. Briefly, the clay is partially 
removed by settling for several days, the supernatant 
liquid being then siphoned off. A n aliquot portion 
of this liquid is then evaporated to dryness and baked 
for some hours on the steam bath. I t  is re-dissolved

1 Bull. 107 (revised edition) Bureau of Chemistry.
2 J . Am . Chem. See.. 26, 29-45.
3 Kentucky Station, Bull. No. 126, p. 63-126.
4 J . Am . Chem. Soc., 30, No. 5.
5 J . Ind. Eng. Chem., 1, 72.

in four per cent, ammonia, filtered, re-evaporated, 
baked again, dissolved in four per cent, ammonia, 
and filtered.

The solution should then be absolutely clear. When 
this method is properly handled, the insoluble residue 
remaining after burning off the organic m atter in a 
platinum dish is not much oyer 0.20 per cent, of the 
total weight of soil taken.

C. W. Stoddart’s method, as given in the article 
referred to, depends upon the use of a strong solution 
of ammonium sulphate to flocculate and precipitate 
the clay on standing twelve hours. The humus, as 
humic acid, is then precipitated out by the addition 
of strong hydrochloric acid to a clear aliquot of the 
solution free from clay and by whirling in the centri
fuge, the resulting precipitate being filtered, washed, 
dried at 1050 C., and weighed on a tared gooch cruci
ble. This method would seem to be the ideal one for 
sim plicity and the writer has striven to make this 
applicable to the soils of Tennessee, but without 
success.

Several of these methods have been respectively 
tried on the same soils b y  two chemists in this labora
tory, working over a year apart, the results of each 
method being comparable. I shall take the liberty 
of quoting the results on two very different types of 
soils taken from the paper of Messrs. Mooers and 
H am pton and of placing them alongside the results 
obtained b y  the writer to better illustrate the point.

In the soils which they examined, Mooers and Ham p
ton found the Official method unreliable; the method 
of Peter and A veritt only partially reliable; and the 
method of Cameron and Breazeale practically c f no 
value. The writer finds that excellent results can be 
obtained with the Mooers and Hampton method after 
a littie practice and has little trouble duplicating re
sults on the same samples of soils which they u ed.

A s stated before, the writer hoped to make use of 
Stoddart’s method, which commends itself on account 
of its sim plicity and ease of manipulation, but, as 
can be easily seen from the last column in the above 
table, the results obtained by Stoddart’s method 
are not comparable to those obtained by the modified 
official method. This fact was also shown in the 
following w ay: Duplicate aliquots of ammonium 
humate solution from soil No. 602, freed from clay 
according to the method in use in this laboratory 
(Mooers and Hampton), were evaporated to dryness 
in platinum dishes, being heated in the oven for three 
hours and weighed. The weight of extract in each 
case was the same. One aliquot was burned and the 
organic m atter as humus determined b y  loss on igni
tion, giving 1.22 per cent, humus. The other aliquot 
was completely dissolved in 50 cc. of four per cent, 
ammonia, the humus precipitated b y  hydrochloric 
acid, giving only 0.45 per cent, of humus as humic 
acid.
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A  qualitative test w as made of this filtrate after In  the above table is a column (No. 5 ) marked 
removal of the excess of acid by evaporation and “ percentage of hum us com pounds precipitated by
baking on the steam  bath, and it was found to yield copper after hydrochloric acid treatm en t” (the
in a  fa intly  acid solution a considerable quantity of excess of acid having been rem oved by evaporating
greenish copper salt, which was organic. This showed to dryness and baking on the steam  bath). Several
qualitatively  that all of the organic m atter was n ot years ago it was shown by S. Suzuki1 to be possible
precipitated by the hydrochloric acid. T hat this to obtain copper salts from hum ic acid derived from
wide variation between the w eights of humic acid natural sources. Tw o of these salts were- identified,

Table I.
Peter By the writer.

and Averitt. Cameron / * >
,    antl Breazcale. Mooers Mooers

Official. Factor Factor <■ * * and Hampton. Official. and Stoddart’s.
Character • * * 10, 14, Filtra- / * ■. «   >'Hampton.' Humic acid

Sariiple. of soil. Humus. Ash. per cent, per cent. tion. Ash Humus. Ash. Humus. Ash. Humus, by HC1.
Fertile clay loam.................  2.04 5.23 1.52 1.31 0.64 0.22 1.36 0.28 1.61 0.96 1.33 0.34

636 " ’** “   2.34 6.75 1.66 1.40 0.65 O.IS 1.33 0.19 2.15 0.75 1.45 0.38
" "   2.64 7.97 1.84 1.51 0.77 0.21 1 .3S 0.23 .................................  0.39

*'    2.55 8.78 1.67 1.32 0.59 0.24 1.26 0.33 ....................  0.37
602 Poor day loam.. ! ..................  1.28 1.95 1.08 1.01 0.76 0.23 1.08 0.29 1.65 3.99 1.22 0.45

“   1.26 2.06 1.05 0.97 ..................... 1.11 0.18 1.67 3.93 1.22 0.45
....................      1.402 o.45

" ....... , ...................................................................................................................................... . . . .  0.97 .1..
 ................... . . .•......................................... .............................................  ......................................... V. . 0.94 __

and the am m onium  hum ate could n ot be. accounted one being a salt o f active prolin, and the other probably
for b y  the presence of the am m onium  radicle, was a  salt of inactive prolin. There was also formed a
shown by dissolving the hum ic acid on the gooch considerable quantity  of copper salts of unknown
crucible in four per cent, ammonia, evaporating, acids. The sam e investigation brought out the
drying and weighing as am m onium  hum ate, very lit- fact “ that the nitrogen in the hum us is not as amino
tie increase of weight being noted. com pounds b ut chiefly as a kind of protein which m ay

The writer has attacked this problem  in a slightly be connected more or less in tim ately  w ith  the black
different manner. Four large sam ples of am m onium  substances.”
hum ate, prepared from d istinctly  different im portant The writer of the present article has been led  to be- 
types of soils, were used. The sam ples were made lieve from the type soils that have com e under this
from 500 grams of air-dried soils by the Official m ethod investigation  that m any of them contain  their hum us
and were freed from clay b y  repeated treatm ents of largely in the form of protein or like proteins. This
baking .on the steam  bath to flocculate the clay and would account, in part, for some of the very low de-
to bring about its  rem oval by filtration, this opera- term inations of hum us by S toddart’s m ethod. As
tion requiring about six  w eeks on account of the som e of the proteins can be precipitated as copper
large am ounts of soils taken. These residues were salts, the results given in colum n 5 probably repre-
finallv dissolved in w ater and made up' to 500 cc. sent the total organic m atter as protein or like pro-
each and allowed to stand about two m onths tightly  teins (the actual w eight of copper in com bination
stoppered to further clarify the solution. having been determ ined in each case and subtracted),

The clear solutions were pipetted  off for analysis including some organic acids precipitated as copper
and the am ount of hum us as am m onium  hum ate and salts which have failed of precipitation b y  hydro-
of ash present were determ ined in each cubic centi- chloric acid. Column 8 g ives the percentage of or-
m eter by evaporation and loss on ignition. K now n ganic m atter b y  difference, n ot precipitated b y  hy-
am ounts of each soil hum us were diluted to 50 cc. drochloric acid a.nd copper collectively. Column 7
and treated w ith 2 cc. of concentrated hydrochloric g ives the percentage of total hum us and protein bodies
acid, whirled in the centrifuge, filtered, washed w ith  which can be salted  out from the hum us solutions by
1 per cent, hydrochloric acid, and dried according m eans of an excess of am m onium  sulphate. This
to Stoddart’s m ethod. The following tabulated re- m ethod is given  as a  quantitative one3 for rem oving
suits were obtained: all protein bodies excep t peptones from solution.

Table II.
Per cent. Humus

Per cent. Per cent humus Per cent by salting Organic
humus Wgt. of Ash in of total compounds byHCl4- with matter not 

Locality. Sample. in soil. humus used, humus used, by HC1. by copper. Cu. (NH4)jS04. precipitated.
Cookeville..................................  1096 0.93 0.0369 0.0066 45.81 34.83 80.64 70.4 19.36
Crossville...................................  1101 0.90 0.0238 0.0012 26.05 25.22 51.27 33.6 48.73
Jackson...................................... 1266 0.39 0.0280 0.0025 64.28 19.29 83.57 75.0 16.43
Gallatin............................. i___ 1267 1.66 0.0392 0.0021 49.74 50.00 99.74 57.9 0.26
1 Bulletin College of Agriculture, Tokyo Imperial University, 7, (No. 4} 513-529.
2 This result was abnormally high due to a little clay left in solution before the writer had become thoroughly familiar with the method.
3 W aits' Dictionary, “Proteids.”
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As Stoddart’s method calls for the use of considerable 
ammonium sulphate to flocculate and precipitate 
the clay, we have another explanation of the low re
sults obtained when this method is used on soils of 
this type, i. e., where the humus is probably largely 
of a  protein nature.

The above table shows very clearly that the humus 
m atter in each of the soils given is quitfe different. 
This can be shown distinctly to the eye in the case of 
soils 1101 and 1266. I f we use the same weight of 
humus from each soil and dilute them to the same 
volume, say 50 c c .; the solution made from the humus 
from soil 1266 will be black and cannot be seen through 
in a 250 cc. beaker, while the same weight of humus 
from soil 1101 will be a light amber, perfectly trans
parent (see column 4 of table for corresponding per
centages precipitated by hydrochloric acid).

We notice in column 8 of this table for soil 1101 
that about 49 per cent, of the organic m atter is unac
counted for, whereas in soil 1267 apparently nearly 
all of the organic m atter has been precipitated by 
hydrochloric acid and as a copper salt. The writer 
is inclined to believe that the humus from soil 1101 is 
in a higher state of oxidation than that from the 
other soils and that it  is p artly  present as highly 
oxidized organic acids. This study is being continued 
in this laboratory.

The writer wishes to express his thanks to Professor 
Charles A. Mooers, of this station, for introducing 
the writer to the chemistry of soil humus and for 
kindly reading and criticizing this paper.

Mr. H. H. Hampton, now at the Johns Hopkins 
U niversity, Baltimore, Md., gave the writer many 
helpful suggestions regarding the technique of the 
Mooers and Ham pton method for humus.

Professor W illiam R . Orndorff, of Cornell U niver
sity, has very kindly gone over m any points on this 
subject with the writer.

K n o x v il l e , T e n n e s s e e ,
M arch  31, 1910.

ON THE COMPOSITION OF LIME-SULFUR 
SPRAY.

B y  H . V. T a r t a r  a n d  C. E. B r a d l e y .

R ece ived  F e b ru a ry  5, 1910.

Introduction.— The literature on the composition, 
properties, and use of the commercial lime-sulfur 
spray solution,_ now so widely employed as an insec
ticide and fungicide, consists in the main of the de
tails of field experiments which have been carried 
out in various localities by entomologists and horti
culturists. In the m ajority of these tests but little 
attention has been given to the composition of the 
spray. The solution has been made by boiling, 
either by direct heat or with live steam, sulfur and 
freshly slaked lime in water. These materials have 
been used in varying proportions. In some instances

the quantity of lime and of sulfur used, together 
with the specific gravity  of the resulting solution, 
have been stated. Other than this, it  has been the 
prevailing practice to give but little attention to the 
composition of the spray, and up to the present time 
there have been no definite system atic field experi
ments to show the relative insecticidal and fungicidal 
value of its constituents. The real chemical investi
gations dealing directly with the lime-sulfur solu
tion have been carried out b y  A very, Haywood, 
Thatcher, Giboney, and Wellington.

A v e ry 1 modified standard methods of analysis to 
suit the conditions so that the total sulphur and 
total lime could be determined.

H ayw ood2 was the first investigator to point out 
the real constituents of the spray solution now in use. 
He showed that it contained considerable amounts 
of polysulfids and thiosulfate, and but small quanti
ties of sulfate and sulfite of calcium. A  small amount 
of calcium hydroxide was supposed to be present. 
I t  m ay be stated here that the compounds which are 
formed when sulfur and calcium hydroxide are 
boiled in aqueous solution had been quite thoroughly 
investigated by D ivers3 and others previous to H ay
w ood’s work on the commercial spray solution. 
Standard methods of analysis were modified by H ay
wood so that quantitative estimations could be made 
of the sulfur combined as sulfids and polysulfids, 
as thiosulfate, as sulfate and as sulfite, respectively. 
The presence of sodium chloride was found not to 
affect the composition nor the amount of the sulfur 
compounds in the solution. Different formulas for 
the preparation of the spray were tried and the use 
of i part of lime to i V 4 parts of sulfur was suggested 
for practical purposes. Solutions made from com
mercial materials were found to be of the same com
position as those made from chem ically pure materials. 
One hour of cooking was demonstrated to be suffi
cient time to effect the combination of the sulfur 
with the lime.

Perhaps the most valuable part of H aywood’s 
work was his study of the decomposition of the spray 
b y  the use of artificial experiments approxim ating 
the conditions on the tree. He found that the prin
cipal immediate products of decomposition were 
calcium  thiosulfate and free sulfur, and that the 
thiosulfate gradually decomposed to form sulfite 
and liberate more sulfur. The calcium sulfite 
finally oxidized to the sulfate. From the results ob
tained, a theoretical explanation of the action of the 
wash on insects was made. H aywood also suggested 
the preparation of a spray in which sodium hydroxide 
was substituted for slaked lime.

Thatcher1 showed previous to H aywood that sodium
1 Bull. 90, Bureau of Chemistry.
2 J .  A m  Chem. Soc., 1905, page 244. Bull. 101, Bureau of Chemis

try.
3 J . Chem. Soc., 1884, page 270.
4 B ull. 56, W ashington Station.
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chloridc did not affect the quantity of sulfur com
pounds in solution. L ater1 Thatcher demonstrated 
that 1 part of lime to 1.95  parts of sulfur was the 
proper proportion of chem ically pure materials to be 
used. The present extended commercial use of 1 
part of lime to 2 parts of sulfur in the preparation 
of the spray attests the correctness of Thatcher’s 
conclusion. In  1908* he endeavored to work out 
the exact reaction between lime and sulfur when 
boiled in aqueous solution. I t  was found that per
haps the following primary reaction takes place:

3Ca(OH)2 +  12S =  CaS203 +  aCaS3 +  3H 20.

The analysis of concentrated lim e-sulfur spray  
solutions revealed the fact that a secondary reaction  
occurs in which the am ount of th iosulfate decreases 
while the polysulfids increase. Thatcher m ade some 
suggestions regarding the nature of this reaction but, 
because of the lack of- sufficient analytical m ethods, 
was unable to present any definite results.

G iboney,3 from the results of laboratory experi
ments, suggested that 40 minutes is the proper length 
of time for boiling the solution. He also gave analyt
ical methods for estim ating the “ sulfid”  and “ poly- 
sulfid”  sulfur in the polysulfids. Prolonged boiling 
was found to effect the solution of a little more cal
cium and thus cause the formation of somewhat 
lower sulfids. Giboney also demonstrated the harm 
ful effects of magnesia on the composition of the 
solution and pointed out the necessity of using lime 
which is com paratively free from this substance.

W ellington' stated that lime-su!fur-salt wash con
tains 25 per cent, to 30 per cent, of calcium mono- 
sulfid and hydrosulfid collectively. This view  has 
not been upheld by any other investigator and is, 
no doubt, erroneous. W ellington assisted b y  Fernald 
showed, however, b y  field experiments, that calcium 
thiosulfate docs possess some insecticidal value.

Experimental.— A t the suggestion of Prof. A . B. 
Cordley, of the Entom ological Department, a chem
ical study was taken up a t this station w ith the view 
of obtaining a wider knowledge o the nature and 
composition of lime-sulfur spray solution. A t the 
outset it became evident that some additional an alyt
ical methods m ust be devised wrhich would enable us 
to ascertain more definitely the nature and compo
sition of the polysulfid and also to estim ate the cal
cium hydroxide which m ight be present.

I t  is a well-known fact that when an acid is added 
to a metallic polysulfid, sulfur equivalent to form 
the monosulfid of the metal is liberated as- hydrogen 
sulfid, while the remainder of the sulfur is deposited 
as free sulfur, e. g. :

CaS4 +  2HCI =  CaCl2 +  H 2S +  3S.

1 Bull. 76, W ashington Station.
2 J . Am. Chem ¿Soc., 1908» page 63.
3 Circ. No. 1, Virginia State Crop Commission.
4 Bull. 116, Massachusetts Experiment Station.

For the sake of convenience, the sulfur equivalent 
to form  the m onosulfid is here spoken of as “ sulfid"  
sulfur, while the remainder is spoken of as “ p o ly 
su lfid ” sulfur. I t  can be readily seen that when  
the am ount of “ su lfid” and “ p olysulfid” sulfur are 
know n the sim plest form ula of the polysulfid can be 
easily  calculated.

Method for “ Polysulfid”  Sulfur. ‘— Measure 10 cc. 
of the clear lime-sulfur solution into a 100 cc. volu
m etric flask and make up to the mark. For analy
sis io  cc. aliquots are used. The aliquot is placed 
in a small beaker and about 30 cc. of distilled water 
is added. Tenth-normal hydrochloric acid is then 
run from a burette into the solution, drop b y  drop, 
with constant stirring until the yellow tint has prac
tically disappeared. Two drops of m ethyl orange 
indicator is then added and the addition of the acid 
continued until the first permanent pink tint appears. 
(After standing for some time this tint will gradually 
disappear.) The solution will be m ilky white from 
the finely divided sulfur present, but it is not diffi
cult to ascertain the exact end point of the reaction. 
A fter the solution is allowed to stand a few moments 
to permit the sulfur to settle and collect together, 
the sulfur m ay then be filtered on a weighed gooch 
crucible, thoroughly washed, dried at a low tem
perature (about 40°) and weighed directly as free 
sulfur. I t  has been found somewhat more accurate 
to filter the sulfur 011 a small filter paper and, after 
thoroughly washing, gently boil the paper and its con
tents in 50 cc. of 10 per cent, potassium hydroxide 
solution until all the sulfur is dissolved. Upon cool
ing, 50 cc. of a 3 per cent, solution of hydrogen per
oxide free from sulfates is added. H eat on the steam 
bath for exactly  30 minutes and then acidify with 
hydrochloric acid, precipitate with barium chloride 
in the usual manner in boiling solution, and finally 
weigh as barium sulfate.

The precipitation of the sulfur by means of the weak 
acid does not decompose the thiosulfate in solution.

Method for “ Sulfid”  Sulfur.— For the determina
tion of “ sulfid” sulfur a well-known analytical m ethod3 
has been but slightly modified. However, because of 
the manner of manipulation, it is deemed advisable 
to give it in detail. A s it is used here, the zinc is 
not precipitated as the normal sulfid, but as the poly
sulfid.

An ammoniacal zinc chloride solution is prepared 
b y  dissolving 3.253 grams of pure zinc (or 4.0488 
grams of pure zinc oxide is somewhat more convenient 
for use) in hydrochloric acid, supersaturating with 
ammonia and diluting to 1 liter. Each cc. of the 
solution is equivalent to 0.0016 grams of sulfur, or, 
in other words, it is a decinormal solution.

1 The methods here given for "polysulfid’' and "sulfid" sulfur do not 
involve any new principle. They are specially adapted to the conditions 
involved and have been found to be simple and accurate.

2 Sutton's Vol. Analysis, N inth Edition, page 325.
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Measure 10 cc. of the clear lime-sulfur solution into 
a 100 cc. volum etric flask and make up to the mark. 
Use 10 cc. aliquots for analysis. The zinc solution 
is run in from a burette until the filtered solution is 
colorless and no dark color is shown when a drop is 
brought in contact with an almost saturated solution 
of nickel sulfate spread in drops on a white porcelain 
tile. This titration will give the approxim ate end
point of the reaction. Several aliquots (four or five) 
are then placed in beakers and a series of determ ina
tions made by adding to the first the exact amount of 
zinc solution required in the above titration; to the 
second add 0.2 cc. less of the zinc solution; to the 
third, 0 .4  cc. less, and so on. These should be then 
allowed to stand about 30 m inutes to insure complete 
precipitation of the zinc. The aliquots are then fil
tered. The amount of zinc solution which just suf-

The -final titrations with the zinc solution in this 
determination shôuld be made on 20 cc. aliquots.

Results of Analyses.— The analytical methods de
vised by H ayw ood1 and A ve ry2 have been used some
w hat extensively during this investigation and have 
been found to be quite satisfactory. Some of the 
analyses made by the use of Haywood and A v e ry ’s 
methods in conjunction with our own are given in 
Table I. The solutions are representative, consisting 
of commercial samples, together with samples pre
pared in the laboratory by the use of different for
mulas and having different concentrations. Many 
other analyses have been made, but the general re
lationships found were the same as in those here re
corded and the analytical data are omitted to econo
mize space. The results are calculated as grams per 
100 cc. solution.

T a b l b  I .
Grams per 100 cc. original solution.

No. History of sample.
Total
CaO.

Sulfid
sulfur.

Thio-
Polysulfid sulfate 

sulfur. sulfur.

Sulfite 
and sulfate 

sulfur.
Calcium

hydroxide.
1 . Commercial sample “ R ex" lime-sulfur spray.................................... 12 .12 5.92 23 .06  1.47 0.08 None
2 . Commercial sample mfgd. by Oregon Spray & Gas Co., Port

land, Oregon................................................................................................ 12.86 7.04 25.30  1.78 0 .1 2 None
3. Commercial sample mfgd. by Niagara Spray Co., Hood River, Or. 12.38 6 .79 23 .90  0 .82 0.08 None
4. Laboratory sample made by  boiling 55 grams CaO. 110 gram 

sulfur, and 400 cc. of water under reflux condenser for l 1/*  
hours.............................................................................................................. 9 .49 3 .93 14.82 2 .98 None None

5. Laboratory sample made by boiling 55 grams CaO, 55 grams 
of sulfur, and 450 cc. of water under reflux condenser 1 hour. 4 .9 9 1.80 6.25  2 .43 None Trace

6 . Laboratory sample made by  boiling 60 grams CaO, 110 grams 
sulfur, and 450 cc. water under reflux condenser 1 h o u r .. .  . 9 .45 3 .6 0 12.43 3 .84 None None

fices to remove all of the yellow color so that the re
sulting filtrate is colorless, is the correct titration. 
The great tinctorial power of the polysulfid serves 
adequately as an indicator in this determination.

The writers have been able to attain an accuracy 
of within 0.2 cc., or 0.0003 gram of sulfur, which is 
as close as could be determined gravim etrically.

For greater accuracy larger aliquots (say 20 cc.) 
m ay be taken for the final titrations.

Method for Calcium Hydroxide.— A ttem pts have 
been made to devise a method for the 'direct deter
mination of the hydroxide by the use of a copper or 
zinc salt as suggested by Bloxarn1 in his .work on am 
monium polysulfids. None of these have been suc
cessful.

The amount of calcium hydroxide in the liine- 
sulfur solution m ay be calculated, however, from the 
data obtained in the above-described methods for 
the determination of “ polysulfid”  and “ sulfid”  
sulfur. The amount of tenth-normal acid used in 
the precipitation of the sulfur in the first method is 
the amount necessary to react with both the poly
sulfid and the hydroxide present, while the number 
of cc. of zinc solution used in the “ sulfid” sulfur 
method is the decinormal titration of the polysulfid 
only. .The difference between the two titrations 
will represent the amount of tenth-normal acid re
quired to neutralize the hydroxide.

1 Jour. Chem. Soc., 1895, page 289.

The laboratory samples were made by boiling the 
stated length of time, then allowed to cool, and after 
standing 12 hours, the clear supernatant liquid was 
drawn off into glass-stoppered bottles. Upon stand
ing a day or two longer the analyses were made. In 
the case of samples N o.5 and No. 6, orange-red, needle- 
shaped crystals separated out of the solution. A  
considerable excess of lime was used in the prepara
tion of No. 5, and a slight excess in No. 6, and the 
crystals formed we re undoubtedly the oxysulfids 
of calcium. These compounds seem to be of varia
ble composition, as they have been stated b y  various 
investigators to be 3Ca0.CaS.1.i2 lI 20 , 2CaO.CaS3. 
i o o r n H 20 , 5Ca0.CaS6.20H20 , 4Ca0.CaS4.i8 II20 , or 
3CaO.CaS3.14 or 15H2O.

The amount of calcium hydroxide in the clear 
spray solution is only a trace, if any. It  appears 
that if there is hydroxide in the freshly prepared solu
tion it either unites with some of the sulfur already 
in combination to form more polysulfid, or it unites 
directly with the polysulfids to form oxysulfids which 
crystallize out of the more concentrated solutions.

The spray solution is alw ays alkaline. Its alka
lin ity  must be due to the hydrolysis of the polysulfid 
as the thiosulfate is not hydrolyzed to any extent. 
K uster and Heberlein3 have found the sodium poly-

1 Jour. Atner. Chem. Soc., 1905, page 244.
2 Bull. 90, Bureau of Chemistry.
3 Zeit. anorg. Chem., 1905, page 53.
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sulfids to be strongly hydrolyzed in solution. The 
case of calcium polysulfid is analogous.

From Table I we are able to get an idea of the poly- 
sulfid. Thatcher1 has stated unreservedly that the 
polysulfid is the pentasulfid. I f  this were correct, 
the amount of “ polysulfid”  sulfur would be exactly  
four times that of the “ sulfid” sulfur. In nearly 
every instance our results show that the “ polysulfid” 
sulfur is approxim ately 31/, times the amount of the 
“ sulfid”  sulfur, proving that the polysulfid in solu
tion is not one compound only, but probably a m ix
ture of the tetrasulfid and the pentasulfid of calcium.

The Absence of ike Hydrosulfid.— In order to thor
oughly establish the above given “ sulfid” sulfur 
method and tabulated results it is necessary that the 
absence of the hydrosulfid should be proven. W el
lington2 and others have suggested the presence of 
this compound.

D ivers and Shimidzu3 showed that calcium hydro
sulfid reacts very' rapidly w ith .sulfur to form poly
sulfid and liberate hydrogen sulfid, the action being 
as brisk as that of a  strong acid with marble. When 
a solution of the hydrosulfid is heated with sulfur 
on a water bath the reaction is complete, only a trace 
of hydrosulfid remaining. Since free sulfur is alw ays 
present in the preparation of lime-sulfur solution, it 
seems not probable that the hydrosulfid could be 
present in appreciable quantity.

Divers and Shimidzu4 employed a manganous salt 
for the detection of basylous hydrogen, the test be
ing based upon the following reaction: Ca(SH )2 +
MnSOj =  CaS04 +  MnS +  H,S, half of the sulfur 
present being liberated as hydrogen sulfid. Similar 
tests on the lime-sulfur solution with manganese sul
fate have failed to reveal the presence of any hydro
sulfid.

Again, when the spray solution is dried in hydro
gen over sulfuric acid, hydrogen sulfid would be lib 
erated by the decomposition of any hydrosulfid 
which might be present. O nly the merest trace of 
hydrogen sulfid has been found to be liberated under 
these conditions.

In the “ sulfid” sulfur determination, any hydro
sulfid would in all probability be precipitated as zinc 
hydrosulfid and, since it is calculated as the normal 
sulfid only one-half of the sulfur present as hydro
sulfid would be shown by the titration with the zinc 
solution. A  comparison of the amount of “ sulfid” 
sulfur found b y  this method with the amount of 
sulfur which could be liberated from the solution as 
hydrogen sulfid was made. The determination of 
the hydrogen sulfid was effected by adding exactly  
enough tenth-normal acid to com pletely react with 
the sulfids present and passing the gas liberated into

1 Jour. Ainer. Chetn. Soc., 1906, page 63.
- Bull. 116, Mass. Exp. Station.
3 Jour. Chein. Soc., 1884, page 270.
4 Lee. cit.

an am m oniacal zinc chloride solution. The zinc 
sulfid thus obtained was digested in a sm all am ount 
of concentrated potassium  hydroxide solution, oxid 
ized w ith hydrogen peroxide, and precipitated in the 
usual manner as barium sulfate. The com parative 
results of one of the determ inations m ade in this 
w ay are as follows:

B y “ sulfid” sulfur method, 3.42 grams sulfur 
per 100 cc.

Sulfur liberated as H 2S, 3 .44 grams sulfur per 100 
cc.

If the hydrosulfid were present in any quantity 
there would be an appreciable difference found in 
the amounts of sulfur obtained by the two different 
methods. No such difference has been found in the 
determinations made.

From the above data it m ay be said that only a 
trace of hydrosulfid, if any, is present in the lime- 
sulfur solution. W hat little there m ay be is perhaps 
that which might be formed by the hydrolysis of the 
polysulfid.

The Nature of the Polysulfid.— When the spray 
solution is brought in contact with benzene or with 
chloroform sulfur is extracted in considerable amount. 
This fact led to a  rather extended study of the poly- 
sulfids, for it  seemed that some of the sulfur was held 
in very feeble combination if not in physical solution. 
A n  endeavor was made to ascertain just the exact 
amount of sulfur which could be extracted from a 
definite quantity of the spray solution. Prelim inary 
tests showed that carbon disulfid cannot be used for 
m aking such an extraction because it  reacts rapidly 
w ith the polysulfid to form a thiocarbonate.

Small quantities (5 and xo cc.) of the solution were 
shaken in separatory funnels with benzene and with 
chloroform, the solvent in each instance being re
moved occasionally and new quantities added. The 
combined extractions made b y  the two solvents re
spectively were then distilled and the residual sulfur 
determined. A  considerable quantity of sulfur was 
obtained from both the chloroform and the benzene 
extraction. However, a definite end-point to the 
extraction could not be obtained, for even after 
several d ays’ extraction some sulfur continued to be 
gradually dissolved. Upon investigation it was found 
that during the extraction an oxidation of some of 
polysulfid to the thiosulfate had occurred, due to 
the contact w ith air in the separatory funnel, and 
some of the free sulfur was constantly liberated by 
this reaction. A  very small amount of calcium 
carbonate was formed from the carbon dioxide pres
ent.

A n extraction apparatus similar to that devised by 
A. H. F iske1 was arranged so that a quantity of the 
lim e-sul'ur solution could be extracted with benzene 
w ithout coming in contact w ith the air. A n  ex-

1 A met. C/iem. Jour., 41, page 510,
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traction was made using 10 cc. of lime-sulfur solu
tion. A t  the beginning a  much larger quantity of 
sulfur was extracted than near the close of the experi
ment, which required several days’ time. A  definite 
end-point to the extraction could not be obtained 
and an exam ination of the extracted solution showed 
that there had been a considerable increase in the 
amount of thiosulfate, besides the formation of a very 
small quantity of w hat appeared to be calcium  car
bonate. The experim ent was repeated, using 5 cc. 
of lime-sulfur solution diluted with 5 cc. of water. 
The details .were carried out much more carefully 
than in the previous trial, but the results were the 
same. It  was evident that either the benzene ab
sorbed enough oxygen and carbon dioxide from  the 
air in the apparatus to effect the composition of the 
solution, or else there had been a decomposition of 
the polysulfid with the formation of more thiosulfate 
as well as small amounts of other products.

Previous to the benzene extraction described above, 
an attem pt was made to evaporate some of the lime- 
sulfur solution in partial vacuo, extract the dried 
residue with some sulfur solvent and ascertain w hat 
definite polysulfid, if any, remained. An experiment 
was tried drying 10 cc. of the solution in partial vacuo 
over calcium chloride. The quantity of thiosulfate 
increased enormously during the evaporation, indi
cating that an oxidation of the polysulfid had taken 
place.

D rying the solution in hydrogen tulfid was next 
tried, but the gas reacted rapidly with the solution, 
precipitating sulphur and forming hydrosulfid of 
calcium.

I t  was found after m any trials that the solution 
could be successfully evaporated in pure hydrogen 
over sulfuric acid. Because of the conflicting data 
on the polysulfids in general, the details of the fol
lowing experiments are given quite fu lly :

A  lime-sulfur solution was made b y  boiling 55 
grams of calcium oxide, n o  grams of sulfur and 450 
cc. of water under a reflux condenser for one hour. 
Pure hydrogen was prepared from pure zinc and dilute 
sulfuric acid and washed, first with a potassium per
m anganate solution, then with a saturated solution 
of mercuric chloride, and finally w ith a strong solu
tion of potassium hydroxide. The hydrogen was 
dried by passing it first through a calcium chloride 
tube and then through sulfuric acid.

Ten cc. of the lime-sulfur solution was placed in 
each of three glass mortars, which were immediately 
placed over sulfuric acid in different desiccators, 
and hydrogen passed into each until all traces of air 
were removed. The desiccators were then stoppered 
tightly, placed in a dark room where the temperature 
did not rise above 16 °, and the solutions allowed to 
dry for three weeks. During this time the sulfuric 
acid became slightly turbid, indicating that a trace

of hydrogen sulfid had been liberated. The dried 
residues had a light yellow color and contained some 
crystals of thiosulfate. Before opening the desic
cators the hydrogen in them was tested and found to 
be practically pure. The dried residues were then 
removed, one by one, and immediately covered with- 
pure, freshly distilled, dry carbon disulfid, previous 
tests having :hown that this substance does not re
act with the dried material. The residues were 
ground to a fine powder while still under the solvent. 
The carbon disulfid was then decanted off and the 
residues carefully washed with a fresh supply. T h at 
a considerable amount of free sulphur was extracted 
was certain from the yellow color of the solvent after 
the extraction. The powdered residues were then 
transferred to wide-mouthed glass-stoppered bottles 
and covered with more carbon disulfid. Dong stand
ing failed to extract any more sulfur. A fter the sol
vent was decanted off the residues were dried in a 
current of hydrogen and then analyzed. The analy
ses of the residues and the original material are given 
in Table II, the results being calculated as grams per 
100 cc. original solution:

T a b l e  II.
Grams per 100 cc. of original solution.

Su lfa te  Su lfu r 
T h io -  P o ly -  and  cx tra c t-

T o ta l su lfa te  su lfid  S u lfid  su lfite  cd  w ith
No. Sample. CaO. sulfur, sulfur, sulfur, sulfur. CS2.
1. Original solution. .. 9 .68  3 .3 9  15.05 3 .8 5  None . . .
2. Dried residue1  9 .25  3 .4 3  3 .6 4  3 .5 8  None 11.25
3. Dried residue  9 .52  3 .71  3 .8 2  3 .7 2  None 11.21
4. Dried residue  I>ost 3 .8 4  4 .4 3  3 .6 0  None 10.28

The above-described experiment was repeated, 
using a lime-sulfur solution made b y  boiling 60 grams 
of lime, n o  grams of sulfur, and 450 cc of water 
under a reflux condenser for 2 '/2 hours. The method 
of procedure was the same w ith the exception that a 
fresh supply of hydrogen was passed into the desic
cator every day or two in order to keep the supp'y 
pure and also to remove all traces of hydrogen sulfid 
which might be liberated. The results, calculated 
as grams per 100 cc. original solution are given in 
Table III :

T a b l e  III.
Grams per 100 cc. original solution.

Sulfite Sulfur 
Thio- Poly- and extracted

Total sulfate sulfid Sulfid sulfate with 
Sample. CaO. sulfur, sulfur, sulfur, sulfur. CSj.

Original solution..................  8 .24  1.41 14.71 4 .1 6  None . . .
Dried residue.........................  8 .11 1.76 3 .7 0  4 .0 0  None 11.05

From  the results given it appears that there is a
more stable, primary polysulfid of calcium. A l
though the analyses given do not permit of a definite 
statem ent regarding its composition, it does corre
spond, however, very closely to the formula CaS2. 
The slight variability in the results obtained m ay be

1 A  small amount of residue No. 2 was lost after the extraction with 
carbon disulfid had been made, hence the low results on lime. etc.
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due to the fact that some of the higher polysulfid 
m ay not have been entirely decomposed in some 
instances. The writers have not found any indica
tion whatsoever of the presence of the monosulfid 
in the dried residue.

Other investigators have found similar cases. 
Bloxam 1 discovered that of the potassium polysul
fids, there was a  more stable one having the formula 
K 4S5. K iister,2 in his work on the sodium polysulfids, 
found that after the polysulfid Na2S, is formed the 
remainder of the sulfur in solution is not so firmly 
combined.

This lower primary polysulfid of calcium is amor
phous, and mustard-yellow in color. I t  is readily 
soluble in w ater ;md 95 per cent, alcohol. When 
dry it is stable in the air.

A n  attem pt was made to separate the polysulfid 
from the thiosulfate in the dried residue by the use 
of a solvent which would dissolve only the polysulfid. 
Trials were made using 80 per cent., 90 per cent., 
95 per cent, and 98 per cent, alcohol, respectively, 
as the solvent, but the thiosulfate was found to be 
somewhat soluble even in 98 per cent, alcohol. The 
polysulfid is not soluble in absolute alcohol. No 
solvent has been found which will effect the complete 
separation of the thiosulfate from the polysulfid. All 
efforts to prepare a  pure solution of calcium poly
sulfid from which a residue free from thiosulfate 
m ight be obtained have been unsuccessful, some 
thiosulfate being alw ays present, though in some 
instances in very small amount.

Viewed in the light of previous investigations, it 
seems evident that all of the sulfur found in the lime- 
sulfur solution m ust be in chemical combination. 
The latest extensive work on this question was done 
b y  K iister and Heberlein on the sodium polysulfids.3 
These investigators state that the polysulfids are 
analogous to the polyiodides and are the salts of 
hydrogen sulfid acids of the ormula H 2S.Ss . T hey 
found that the more sulfur there is present, the less 
the hydrolysis of the polysulfid. This fact is indica
tive of chemical combination, for, if after a  certain 
definite polysulfid is formed the remainder of the 
sulfur is simply in physical solution, there 'would be 
but ittle change in the amount of hydrolysis after 
enough sulfur had been added to form the primary7 
compound.

These experiments with the polysulfid reveal a fact 
of practical significance in regard to the spray solu
tion. It  is not necessary for the polysulfid to oxi
dize in order that free sulfur be deposited, as has here
tofore been stated. I f  the polysulfid is not oxidized 
completely before the spray dries on the tree, there 
will be left a lower polysulfid and some sulfur will 
be deposited which is not the result of oxidation.

* Jour. Chetn. Soc., 1900, p. 753.
2 Zeit. ancrg. Chem., 1905, p. 53.
*Ib id ., 1905, p. 53.

A  considerable amount of the sulfur in lime-sulfur 
solution is in very feeble combination and for the prac
tical purposes to which it is applied might be con
sidered as sulfur in physical solution.

Effect of Time of Boiling .— Previous work on the 
lime-sulfur spray has shown that one hour is suffi
cient time for boiling in the preparation of the solu
tion. Prolonged boiling has been found not to e f
fect m aterially its composition. This latter state
ment has been found by us to be true only for certain 
conditions.

Solutions were prepared using different formulas 
and different lengths of time for boiling. The cook
ings were made under a reflux condenser and the sam
ples were analyzed after standing 24 hours. The 
results calculated as grams per 100 cc. original solu
tion are given in Table I V :

T a b l e  IV.

Grams per 100 cc. original solution.

Sulfate 
Poly- Thio- and

Total Sulfid sulfid sulfate sulfite
No. History of sample. CaO. sulfur, sulfur, sulfur, sulfur.

1. Boiled 55 grams lime, 55 
grams sulfur, and 450 
cc. of -water for one ’
h ou r................................. 5 .15 1.84 6 .49 2 .43 Trace

Boiled 55 grams lime, 55 
grams sulfur, and 450 
cc. water for 21/*  hours 5 .10 1.82 6.32 2 .45 Trace

Boiled 60 grams lime, 110 
grams sulfur, and 450 
cc. water for 1 h o u r.., 9 .45 3 .60 12.43 3 .84 Trace

Boiled 60 grams lime, 110 
grams sulfur, and 450 
cc. water for 2l/ z  hours 8 .39 4 .1 6 14.71 1 .40 Trace

In the case of samples No. i and No. 2, prolonged 
boiling did not effect the composition of the spray. 
W ith No. 3 and No. 4, where a larger proportion of 
sulfur was used, there was, however, a decided de
crease in the am ount of thiosulfate and an increase 
in the polysulfid present. There was also less lime 
in the solution. These results indicate that when 
the sulfur used is approxim ately double the quantity 
of lime, continued boiling does exercise a much more 
marked effect on the composition than when equal 
parts of lime and sulfur are used. The writers have 
been unable to furnish a complete, satisfactory ex
planation for the occurrence of this phenomenon. 
I t  m ay be said, however, that when the clear lime- 
sulfur solution is boiled hydrogen sulfid is liberated 
in considerable quantity, because of the hydrolysis 
of the polysulfid. A s the hydrogen sulfid is libera
ted a deposit of calcium sulfite is obtained. The 
formation of the sulfite is due, no doubt, to the de
composition of the thiosulfate in the boiling solution.

Effect of Carbon Dioxide on the Lime-sulfur Solu
tion.— I t  has been conjectured b y  some that the 
carbon dioxide of the atmosphere m ay have an in
fluence in the decomposition of the diluted lime- 
sulfur solution when sprayed upon the tree. Some
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work has been done b y  the writers to test out this 
point.

Pure carbon dioxide was passed into some of the 
concentrated lime-sulfur solution. A  large quantity 
of hydrogen sulfid was rapidly liberated; apparently 
as much as if some strong acid were used. The fol
lowing reaction occurs:

CaSj. +  H 2C03 =  H 2S +  CaC03 +  Sx.

Tw o experiments were made b y  passing air through 
first a dilute lime-sulfur solution and then through 
a 10 per cent, solution of copper sulfate. A n y  hydro
gen sulfid liberated would react to form copper sulfid 
in the latter solution. The air was passed through 
until the dilute spray solution no longer possessed 
a yellow color, the polysulfids present being com
pletely decomposed. In one instance the air was 
used directly and in the other the carbon dioxide 
was removed b y  passing through a potassium h y
droxide solution.

There w as a distinct precipitate formed where the 
normal amount of carbon dioxide was present. How
ever, the precipitate was quite small. The decom
posed lime-sulfur solution had a strong odor of h y
drogen sulfid. Paper moistened with lead acetate 
solution was gradually darkened, showing the pres
ence of the gas.

In the instance where the air free from carbon di
oxide was used there was only a trace of copper sulfid 
precipitated. The decomposed lime-sulfur solution 
had an odor of hydrogen sulfid. Evidently some hy
drogen sulfid is formed during the oxidation, whether 
carbon dioxide is present or not, probably due to the 
hydrolysis of the polysulfid. The solution decom
posed more rapidly when carbon dioxide was pres.nt, 
showing that it does exercise an influence in the de
composition of the spray, but our results indicate 
that this influence is com paratively small. The 
presence of hydrogen sulfid should not be overlooked 
in the consideration of the immediate insecticidal 
value of the spray.

In conclusion, it m ay be said that the above results 
are presented as derived from a  limited study made 
in this laboratory, and with a full realization that 
the lime-sulfur solution is a com plex equilibrium sub
ject to the influence of many varying conditions.

Summary.— 1. Simple and accurate m ethods. for 
the determination of the composition of the poly
sulfids and the amount of calcium  hydroxide have 
been perfected.

2. Free dissolved calcium hydroxide is not a con
stituent of the lime-sulfur solution, its alkalinity 
being due to the hydrolysis of the polysulfid.

3. The polysulfids in the solution are probably a 
m ixture of the tetrasulfid and pentasulfid of calcium.

4. Our tests show the absence of appreciable quan
tities of hydrosulfid. Should any be present, it  is

that which might be formed by the hydrolysis of the 
polysulfid.

5. There seems to be a more stable polysulfid of 
calcium which our results indicate to be CaS,. A  
considerable amount of the sulfur in the solution is 
very feebly combined and for practical spraying 
purposes m ay be considered as sulfur in physical 
solution.

6. I t  is not necessary for the spray to oxidize in 
order that free sulfur m ay be deposited from the 
same.

7 Prolonged boiling when approxim ately one part 
of lime to two parts of sulfur are used causes an in
crease in the amount of polysulfids and a decrease 
of thiosulfate.

8. Carbon dioxide reacts with the lime-sulfur 
solution, liberating hydrogen sulfid. Our laboratory 
experiments indicate that the carbon dioxide of the 
air exercises some influence in the decomposition of 
the spray upon the tree.

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

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

[Co n t r ib u t i o n  f r o m  t h e  L a b o r a t o r y  o p  t h e  H a w a ii  E x p e r im e n t  
S t a t io n . P a p e r  N o . 2 .]

THE AVAILABILITY OF SOIL PHOSPHATES.
B y  W ; P .  K e l l e y .

Some time after the announcement of the “ Mineral 
T h eo ry” of agriculture by Liebig, it began to be 
recognized that, while absolute analyses of soils are 
of value in agricultural practices,' the larger part of 
the mineral substances of the soil is in a state in which 
it  cannot be absorbed by most plants. The recogni
tion of this fact has led to the development of a num
ber of methods for the determination of the so-called 
available plant foods of the soil. I t  is generally con
sidered that substances, available for plant growth, 
must either be in solution in the soil moisture or read
ily  soluble in the secretions from root surfaces. Other 
factors, such as the physics and biology of the soil, 
play an im portant part in the question of fertility, 
however, and unless due consideration is given these 
factors entirely erroneous conclusions m ay be drawn 
from .solubility determinations. Nevertheless, any 
step which leads to a knowledge of the state of solu
bility  of the substances in the soil is an im portant 
one. ,

W hile some attention has been given to the deter
mination of available plant foods in general, by far 
the larger part of these investigations has dealt with 
the phosphates. Some years ago the Association 
of Official Agricultural Chemists adopted the use of 
N/5 hydrochloric acid for the determination of the 
more active forms of P 2Ot. In this determination 
200 grams of soil are digested with 2000 cc. of N/5 
hydrochloric acid at 40° for five hours, due allowances
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being made for the neutralization of the acid b y  soil 
carbonates, etc. More recently some chemists have 
substituted N/5 nitric1 acid in this determination. 
In the publications bearing on this point but little 
field data has been subm itted,2 and therefore the 
reader is left with uncertainty as to whether or not 
the results given are of purely theoretical importance. 
No one claims, however, to be able to im itate natural 
conditions and extract frorn the soil the plant food 
that is immediately accessible to growing crops. 
The availability probably depends on the rate of solu
bility as much as on the absolute amount dissolved 
a t any one time. On the contrary, it is only hoped 
to secure results of com parative value.

In the course of some investigations a t the Indiana 
Experim ent Station, the author had occasion to com
pare both the official and the nitric acid methods in 
the determination of available phosphates in a large 
number of soils in Indiana on which field experi
ments had been conducted. Some of these showed 
a response to the application of phosphatic fertiliza
tion; others did ixot. The following table,3 selected 
from a large number of these determinations, shows 
the total P 205 and the percentage soluble in N/5 
hydrochloric and nitric acids, respectively.
T a b l e  I .— T o t a l  P 2Ofi i n  I n d ia n a  S o i l s , a n d  P e r c e n t a g e  S o l u b l e  in  

N / 5  A c id s .
P2O5 sol P2O5 sol

Total uble in uble in
PsOa. N /5  HCl. N /5  HNO3.

Soil No. Description of soil. Per cent. Per cent. Per cent.
1 . Gray silt loam ............ . 0 . 0 8 0.0050 0.0060
2 . Gray silt loam............ ___  0.05 0.0030 0,0025
3. Yellow silt loam____ ___  0.13 0.0028 0.0034
4. Brown silt loam ......... 0 .0016 0.0022
5. Sandy loam ................. 0.1 0 0.0080 0.0078
6 . Dark sandy loam .. .  . , , , 0.20 0.0605 .......4
7, Peaty soil..................... 0 .0380 0.0360
8 . Peaty soil..................... 0 .40 0.0500 0.0530

The above table shows th at the solubility of the 
phosphates in theset soils varies between very wide 
extremes, and that the differences between the solu
bility in N/5 hydrochloric and nitric acids are too 
slight to be of an y  consequence. On these various 
soils field experiments, involving the use of phos
phates, etc., have been conducted for m any years. 
Various crops have been grown, although the prin
cipal ones are com  and wheat. The following table 
shows the solubility of the soil phosphates in N/5 
hydrochloric acid, and the effects on the yield of 
certain crops brought about by the application of 
phosphate. While it is true th at the application of 
any given fertilizer does not alw ays produce the 
same effects in different seasons, the data submitted 
fairly represents the action of phosphate on these soils.

1 Peter and Averett. Bull. 126, K y. E xpt. Sta.; W hitson and Stod
dard, Research Bull., No. 2, Wise. Expt. Sta. Snider, Bull. 102, Minn. 
Expt. Sta.

2 Snider gives some data bearing on this point; also Praps gives some 
results from pot experiments in an article entitled “ Availability of Phos
phoric Acid in  the Soil,’* Jour. Am . Chem. Soc., 28, 824.

3 This data is taken from a thesis for a Master’s degree presented to 
Purdue University in 1907, and published by permission.

4 Not determined.

T a b l e  I I .— P e r c e n t a g e  o f  P 2Os S o l u b l e  i n  N / 5  H y d r o c h l o r i c  A c id  
a n d  t h e  E f f e c t s  o f  t h e  A p p l i c a t i o n  o f  P h o s p h a t e  u n d e r  F i e l d  
C o n d it io n s .

Soil

P2OS solu- 
ublc in 

N /5  HCI. Crop Effects of the application of
No. Per ccnt. grown. phosphate.
1. 0.0050 Corn Yield increased lO bu.'per acre
2 . 0.0030 Wheat Yield increased 5 bu. per acre
3. 0.0028 Potatoes Yield increased 50 bu. per acre
4. 0.0016 Corn Yield increased 14 bu. per acre
5. 0.0080 Corn Yield increased 6 bu. per acre
6 . 0.0605 Corn No increase
7. 0 .0380 Corn No increase
8. 0.0500 Corn No increase

In all these soils, except the sandy loam and peaty 
soils, we find th at the application of phosphate pro
duced an increase in the growth of the crop in ques
tion. The total P 206 in the sandy loam and peats 
is considerably greater than in the other types, but 
the percentage dissolved in N/5 hydrochloric acid is 
likewise very much greater. W ith but 'few  excep
tions, the soils of Indiana that contain less than 0.01 
per cent. P 2Or„ soluble in N/5 hydrochloric acid, 
are benefited b y  the application of soluble phosphate, 
and seldom do those containing more than this amount 
respond to its application.

In order to maintain a strictly N/5 acid solution 
in the determination of available phosphate it is 
necessary to determine the amount of acid the soil 
is capable of neutralizing under the same conditions 
th at are employed in the actual determination of the 
soluble phosphate. Some soils contain large amounts 
of carbonates; others do not, and if the phosphate 
solubilities are comparable, they m ust be made b y  
the use of the same strength solvent. In the pre
liminary digestion for the determination of this neu
tralizing power it was noticed that those soils which 
neutralized a large amount of acid contained a corre
spondingly large percentage of soluble P 205, whereas, 
soils having a slight neutralizing power were found to 
contain a small percentage. For a number of years 
soils th at neutralized but little acid in the preliminary 
digestion have been considered as being in need of 
lime, since it is generally accepted that the presence 
of carbonate of lime promotes bacterial activity, as 
well as neutralizes soil acidity. The following table 
will show the neutralizing power of these\ soils and 
the percentage of P 205 soluble in N/5 hydrochloric 
acid:

T a b l e  I I I .— T h e  N / 5  HC1 N e u t r a l i z e d  b y  O n e  G ra m  o f  S o i l ,  a n d  
t h e  P e r c e n t a g e  o f  A v a i l a b l e  P 2O 5.

P2O5 soluble
Acid neutralized. in N /5  HCI.

Soil No. cc. Per cent.
 1....................................... 0.37 0.0050
 2........................    0.-25 0.0030
 3.................    0.50 0.0028
 4......................................  0.50 0.0016
5 ....................................... 0.44 0.0080
 6..................................................» 0.0605
 7..........     3.87 0.0380
 8....................................... 6.00 0.0500
 9....................................... 4.00 0,0420

* Not recorded.
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The above table shows th at a low solubility of 
phosphates is associated with a ' slight neutralizing 
power in the soil; and that there is a casual relation 
between the absence of active bases, on the one hand, 
and the low solubility of phosphates, on the other, 
seems likely. W hitson and Stoddard1 have recently 
pointed out that acid soils in Wisconsin need phos
phates. In Indiana the same conditions prevail.

The author recently pointed out th at while the 
litmus test for soil acidity is unreliable,2 the amount 
of N/5 hydrochloric acid which the soil is capable of 
neutralizing offers a very  trustw orthy indication of 
the needs of lime, and while the neutralization factor 
gives valuable indication of the need of lime, it is 
also very useful as a rapid means of determining 
phosphate deficiencies;— not that it could be relied 
upon as a definite indication, but is valuable as a sug
gestion. The fact th at the N/5 hydrochloric acid 
method gives reliable indications concerning the ap
plication of phosphates, with such soils as prevail 
in the central west, led to an inquiry concerning its 
applicability to the soils of Hawaii, which are of a 
vastly  different origin and. type.

The entire island group of Hawaii is of volcanic 
origin, and from a geological standpoint, of a recent 
formation. The soils of Hawaii, being very largely 
derived from disintegrated basaltic lava, are char
acterized b y  a very  high percentage of iron and alumina, 
and a relatively small percentage of calcium. A s an 
average of a large number of determinations, these 
soils have been found to contain about 40 per cent, 
iron oxide and alumina, soluble in concentrated hydro
chloric acid, whereas the combined iron and alumina 
of American soils probably do not exceed 6 per cent. 
In  this investigation it was thought well to compare 
the solubility in both N/5 hydrochloric and nitric 
acids. The following table will show the results:

T a b l e  IV.— H a w a ii a n  S o i l s , S h o w in g  S o l u b il it y  o f  P h o s p h a t e s .

Acid neutral-
Soluble in Soluble in ized by one

Soil Total. N /5  HCl N /5  H N 0 3. gram soil.
No. Per cent. Per cent. Per cent. cc.

10 0.07 Trace Trace 0.90
11 0.35 Trace Trace 1.80
12 0.20 Trace Trace 1.30
13 0.55 0.1128 0.1025 3 .50

Soils Nos. io, 11 and 12- are found to contain only
a trace of soluble P 205, being, in each instance, not 
more than 0.0005 per cent., wrhile No. 13 contains a 
very large percentage of available phosphate. The 
first three samples are representative of the upland 
soils of Oahu, having' been taken from an elevation 
of 650 feet or more. Soil No. 11 is highly mangan- 
iferous. Each of these has been derived from primary 
lava. No. 31, however, is a coast-wise soil, derived 
from the disintegration of volcanic ash and cinders, 
having been subsequently submerged b y  the sea,

1 Loc. cit.
2 Soil Acidity', Sugar Planters' M onthly , May, 1909.

during which time a considerable portion of coral 
limestone was incorporated with what is now the 
soil. Just as with the Indiana soils, we find th a t the 
neutralization coefficient bears a  direct relation to 
the state of solubility of the phosphate.

It  has been considered for some time that calcium 
phosphate is available for plant growth, whereas the 
basic phosphates of iron and alumina are not. Some 
years ago Fraps1 pointed out that the solubility of 
the basic phosphates of iron and alumina in N/5 h y 
drochloric and nitric acids is very  slight, whereas the 
solubility of calcium phosphate is complete. The 
Wisconsin investigators have recently shown that 
soils which respond to the application of phosphates 
contain not only a much smaller percentage of P 205 
soluble in N/5 nitric acid but also relatively more of 
the basic phosphates of iron and alumina than do the 
soils which do not respond to the application of phos
phate.

W hile N/5 hydrochloric acid has been shown to 
com pletely dissolve calcium phosphate, and to effect 
only a slight solution of the basic phosphates of iron 
and alumina, Stoddard2 points out that a one per 
cent, solution of sodium hydroxide is capable of dis
solving the basic phosphates of iron and alumina while, 
possessing only a slight solvent power for calcium phos
phate. W ith soils that contain such large percentages of 
iron and alumina as prevail in Hawaii, it  seems likely 
th at a correspondingly high percentage of the phos
phates would be combined with these bases, and 
hence be unavailable for plant growth.

W ith  a view  of testing this point, 100 grams of air- 
dried soil were digested w ith 1000 cc. of a one per 
cent, sodium hydroxide solution at 40° for five hours; 
the solution filtered and the P 205 determined in the 
filtrate For the sake of comparison, the solvent 
powers of N/5 hydrochloric acid and one per cent, 
sodium hydroxide are given; and also the effects of 
the application of phosphate :

T a b l e  V.—S h o w in g  t h e  P2O» D is s o l v e d  b y  N /5  HC1. a n d  1 P e r  c e n t  
NaOH fr o m  F e r r u g in o u s  S o i l s .

Soluble in Effects of the
Soluble in 1 per cent. application of

Soil N /5  HCl. NaOH. Crop phosphate.
No. Per cent. Per cent. grown. Per cent, increase.

10 Trace 0.0060 Pineapples 503
11 Trace 0.0219 Pineapples IOC3
12 Trace 0.0089 Cotton 200
13 0.1128 0.1858 Rice No effects

The above results show that w h ig  these soils con
tain considerable P 205 as basic phosphates of iron 
and alumina, in the case of soil No. 13, there is also a 
large percentage of the phosphoric acid combined 
with calcium. These results show th at the N/5 h y
drochloric method is of value in determining phos
phate deficiencies in soils of widely different types,

1 Loc. cit.
2 "Soil acidity in its relation to available phosphates," Research Bull. 

No. 2 , W is. E xpt. Station.
3 E stim a ted .
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although there is an indication that the strength of 
the acid is not sufficiently great for highly ferruginous 
soils.

I t  is generally considered that apatite (soluble in 
N/5 HC1), and wavellite and dufrenite (soluble in 1 
per cent. NaOH solution), constitute the principal 
mineral phosphates of the soil (soil No. 10 m ay con
tain some triplite), and yet the combined P 205 dis
solved b y  the two solvents, constitutes but a small 
percentage of the total phosphate in the soil. I t  is 
true that the dissolving power of a given solvent to
ward a pure chemical m ay be greatly modified when 
the same body is associated with numerous other 
substances, such as occur in soils. Furthermore, 
these soils contain a large percentage of finely divided 
ferric hydrate which so permeates and surrounds 
the soil particles th at a complete dissolution can be 
brought about only b y  use of agents that are capable 
of dissolving the iron also.

I t 1 has been suggested that the amount of P ,05 re
covered from a soil by the use of a given solvent is not 
a true measure of the dissolving power of this solvent 
towards the phosphates in the soil, since some of the 
P 205, after being dissolved, is refixed by the soil. In 
this connection it  has been shown that these soils 
possess a high fixing power for soluble phosphates. 
I t  seems more likely, however, that only a small per
centage of the phosphates present was dissolved by 
the solvents employed.

W e should expect soils which contain from ten to 
tw enty times as much iron and alumina as calcium 
to hold the phosphoric acid, combined largely with 
iron and alumina, rather than calcium; and the be
havior of crops on these soils, together w ith their 
solubility, indicates the correctness of this view.

[Ch e m ic a l  L a b o r a t o r y , N o r t h  Ca r o l in a  D e p a r t m e n t  of  
A g r ic u l t u r e .]

A RAPID METHOD OF DETERMINING CRUDE 
FIBER.

By J . M . P ic k e l .

Received January 17, 1910.

This is, in- the main, a method of filtering and 
washing the fiber. The filtration is effected by 
upward suction of the fiber against linen. The method 
was first used by the writer in the summer of 1902, 
since when it has been in constant use in this labora
tory. A  bare outline of the method w'as published 
in Science (Jan. 8, 1904).

Figure 1 (accompanying illustration) shows the 
manner of digesting the fiber: a beaker 7 to 8 cm. in 
diameter, about 15 cm. deep, capacity 600 to 800 cc., 
covered by a  round-bottom flask through which flows 
cold water. A n y convenient number of such diges-

1 Fraps. hoc. tit.

ters m ay be connected in series b y  rubber tubes 25 
to 30 cm. long, and* the water run through the series 
from first flask to last. There is no loss of digesting 
liquid b y  evaporation; and if the boiling is started 
and conducted slowly, no great trouble from foaming, 
since each digester m ay, without disturbing its neigh
bor, be lifted and swirled.

Figures 3, 6, 7, 9 show suitable forms of filters—  
broad mouth tube, funnel, thistle tube— each pro
vided with a rim or flange over which the linen disc 
is drawn taut. Convenient dimensions of these 
tubes (Figs. 3, 7) are, large end, diameter 5 to 6 cm., 
length 6J:o 9 cm .; total length, including stem, i8~to

20 cm; diameter of stem, inside, about 0 .5  cm. The 
rim or flange should be about 0 .5  cm. wide, turned at 
nearly right angle to the axis of the tube or funnel 
and uniform iii diameter. Note the rims (Figs. 3 
and 6). The linen disc (Fig. 4) is attached to the 
tube by means of a strong, but not too coarse, flax 
thread. This thread is passed in short running 
stitches through the linen in a circle (Fig. 4) wrhose 
diameter is greater than that of the rim of the tube 
(or funnel), but not so much greater that, when the 
linen is drawn over the rim and the thread tied, it 
(the thread) will press against the side of the tube—  
the entire “ pull”  of the thread should be exerted 
on the linen. This adjustm ent is easily made once 
for all, and permanently fixed in the shape of a paste
board (or metal) disc (Fig. 5) which shall serve as a 
pattern; any needlewoman can then make the linen 
discs b y  the score or hundred, according to need. 
As each linen will serve for a half dozen or more fiber 
determinations, these filters are inexpensive. In 
addition to the larger filter, 5 to 6 cm. diameter, a 
smaller one, diameter about 2 .5  cm., is needed. A 
perforated disc (copper) over the mouth of the 
tube, under the linen, is useful but not indispensi- 
ble.

Operation.— The filter having been connected by
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heavy rubber tube to a Bunsen suction pump and 
suction turned on, the surface of the filter is put in 
contact and kept in contact w ith the surface of the 
liquid in the beaker (Fig. 2) until all the liquid is 
drawn into the filter-tube, when the latter is with
drawn and reversed (Fig. 3) to permit the liquid to 
be sucked out. The suction is then discontinued, 
the fiber washed with 50 to 75 cc. of boiling water 
back into the beaker, stirred thoroughly, allowed, if 
need be, to subside a few moments, and the liquid 
sucked out through the filter, as above described. 
Three or four such washings will free the fiber of acid 
or alkali. W hen freed of acid, the fiber is washed 
back into the beaker w ith the requisite quantity of 
1.25 per cent, alkali and digested. Finally, when 
filtered and washed (as above described) free of alkali, 
the fiber is washed w ith distilled water into a 50 cc. 
tared evaporation dish (royal Berlin porcelain in 
absence of platinum), the water evaporated on steam 
bath, the fiber dried, weighed, incinerated, the ash 
weighed, the fiber obtained b y  difference in the usual 
w ay. A  small flexible steel spatula is often useful in 
removing the fiber from the linen and in bringing it 
into the dish. I t  will not infrequently happen that 
the dish will get full of water before all the fiber is 
washed into it; in such case, the excess of water is 
removed b y  suction through the small filter above 
referred to.

Experim ents with filtering materials other than 
linen— hardened filter paper, flannel, chamois skin, 
unglazed porcelain discs (Fig. 8) were made— but the 
first and last are out of the question because of slow
ness, the two others are not suitable with hot alkali.

Results Obtained by the Method.— Duplicates on 
peanut hulls, com  bran, rice chaff, com  cobs, and pea
nut middlings gave results differing By 0.01 per cent., 
0 .14  per cent., 0.32 per cent., 0.20 per cent., 0 .12 
per cent., respectively. In the case of six samples 
of cocoas, duplicates were obtained differing by 
0.02 per cent., 0.33 per cent., 0.03 per cent., 0.02 
per cent., 0.06 per cent., o . 13 per cent, in each case. 
The fiber of cocoa, a fine powder, is one of the most 
difficult to filter and wash— n ext to impossible w ith a 
Gooch filter, but com paratively easy and quick by 
this method.

The filtrates and wash-water from the second or 
alkaline digestion were, after having passed through 
the linen filter, put through gooches (asbestos). It 
was found in six fiber determinations (wheat bran, 
shorts, cornmeal, “ ship stu ff” ) that the gooches 
retained 0 .21 per cent, to 0 .37 per cent, of solids, 
reckoned as fiber, that had passed through the linen; 
in the case of seven cocoas, filter paper (the hardened 
variety) retaine:! 0.02 per cent., 0.02 per cent. 0.02

per cent., 0.26 per cent., 0 .27 per cent., 0.35 per cent., 
0.46 per cent., respectively, of solids which had passed 
through the linen.

The filtering (from the second or alkaline digestion), 
washing and transferring of the fiber to the evapora
ting dishes in the case of six cocoas consumed sixty- 
six minutes, an average of eleven minutes to the de
termination; the filtrates from these determinations 
were then put through hardened filter paper under 
suction, the shortest tim e of filtering in any of the 
six cases was one hour, the longest seven hours.'

The above tests of the method were made several 
years ago. The author has hoped from year to year 
to make more extended and searching experiments, 
but has not been able to do so.

The olficial method of the U. S. Dept, of Agr. (Bur. 
of Chem., Bull. 107, p. 56, revised) for crude fiber 
says: “ Filter through linen, asbestos or glasswool” —  
nothing as to particular grade of linen. One naturally 
selects, if linen, that of finest, closest mesh obtaina
ble. Old filters of the author, still on hand, are 32 x  
32 per square cm., that is, contain about thirty-two 
threads each w ay to the cm.; the threads are appar
ently about 0.2 to 0.3 mm. in diameter. U ndoubt
edly standard, or better standardized linen— if that 
material be finally found to be best— should be 
adopted.

There is a kind of felt, composed mainly of cot
ton, com paratively thin, uniform in texture; it would 
probably make an excellent filter. It is to be had 
at tailoring establishments.

R a l e ig h , N . C . /J a n .  10. 1910.

THE DETERMINATION OF CRUDE FIBER.
B y  G . M . M a ç N id e r .

R e c e iv e d  F e b r u a r y  17. 1910 .

In carrying out the method of the A. O. A. C. for 
the determination of crude fiber in cattle feeds1 we 
have tried a good m any modifications of the appa
ratus to shorten the time required and to make the 
determination less laborious. A s the apparatus in 
use in this laboratory a t present has proved satis
factory, some of the modifications in use m ay be of 
interest to chemists engaged in agricultural work.

The digestions w ith i . 25 per cent, sulphuric acid 
and 1.25 per cent, sodium hydroxide are done in 
600 cc. Jena glass beakers, 16.5 cm. in height and with 
a uniform diameter of 8 cm. During the digestion 
a clock glass is placed over the beaker to condense 
the steam. This is fairly satisfactory, but considera
ble trouble is frequently caused by the frothing of 
the liquid, thereby necessitating the washing of the

1 Bureau of Chemistry. Bull. No. 107 (revised).
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substance from the sides of the beaker, and b y  the 
loss b y  evaporation which varies the strength of the 
solution. A  number of different forms of condensers 
were tried to overcome both of these difficulties, but 
with only a  fair amount of success. The author has 
found the following apparatus very  satisfactory: this 
consists of an upright Liebig condenser, the lower 
end of which passes through a large rubber stopper 
which fits into the beaker described above. The 
stopper also carries a small 'tube for the introduction 
of a stream of air. (The use of a stream of air is sug
gested in the official method.) When the digestions 
were done in this apparatus is was found th at with 
the use of only a weak stream of air the frothing even 
on the most difficult samples, i. e., low-grade cotton- 
seed-meals, could be so controlled th at no error was 
introduced from this source. B y  using the Liebig 
condenser in place of a glass tube condenser or a flask 
containing water placed on the beaker there was so 
little loss of steam that the volume of the liquid re
mained practically constant throughout the diges
tions.

A  great m any different forms of filters have been 
tried for filtering the fiber. The most satisfactory 
form is by reverse filtration, using linen as a filtering 
medium. (The official method directs to use either 
linen, asbestos or glass wool.) ■ A n y good grade of 
linen is satisfactory. The first form of this filter 
was made as follows: A  circular piece of linen was 
fastened over the mouth of a glass funnel b y  means 
of a draw string around the edge. The stem of the 
funnel is connected with the suction apparatus and 
the linen immersed in the liquid and the liquid sucked 
up into a waste bottle, ■ The fiber adhering to the 
linen is washed off with a jet of w ater.1 This form of 
funnel was used for a while, but was found unsatis
factory and was discarded on account of the fact 
th at the linen was not supported and consequently 
sucked back into the funnel, causing trouble in wash
ing. I t  also required a considerable amount of time 
to prepare the lined filters and attach them to the 
funnel. To overcome this difficulty Mr. Harris 
(formerly of this laboratory) designed a funnel made 
of sheet copper, the mouth of which is closed b y  a 
perforated copper plate, which supports the linen. 
The linen filter is fastened over this b y  a copper band 
about 1 cm. in width which fits closely around the 
edge of the funnel. This keeps the linen stretched 
taut over the copper plate and makes it very  easy 
to wash off any adhering fiber. B y  this arrange
ment the linen filters can be changed very rapidly. 
The funnel, as used at present in this laboratory, is 
made 7 cm. in diameter, or so as to just fit into the 
fiber beaker, thus giving as large a filtering surface 
as possible. W hen the fiber is finally washed free from

1 This form of filter was first gotten up by J .  M. Picket of this division. 
See preceding paper. T h i s  J o u r n a l .

alkali it  is transferred from the beaker to a crucible 
or poreclain dish and evaporated to dryness in the 
usual manner. The only objection to the funnel 
just described is' that in transferring the fiber it re
quires a large volume of water, usually 120 to 150 
cc., to wash the fiber from the filter and wash out the 
beaker. To overcome this the author has designed 
a small copper funnel 3 .5  cm. in diameter, made very 
similar to the large one. This can be used for the 
entire filtration, but the work can be done faster if 
the acid washings and the first few washings of the 
alkali are done with the large copper funnel, then on 
the last washing of the alkali use the small funnel. 
As the liquid is sucked up the funnel is carefully 
moved around in the beaker and the greater portion 
of the fiber can be collected on the linen attached to 
the funnel and can then be washed into a small cru
cible with a very  small amount of water. I t  re
quires only a  small amount of water to wash out the 
fiber remaining in the beaker. ‘ I t  was found that by 
using this method the fiber could be transferred to a 
small crucible with from 25 to 40 cc. of water as com
pared to 120 to 150 cc. writh the large funnel. Where 
a large number of determinations are to be made this 
is a great saving in time as well as in the amount of 
gas burned in evaporating the fiber to dryness.

A  number of tests were made, using Gooch cruci
bles for both the entire filtration or for the alkali 
filtration. The nature of the material causes the 
filters to clog so readily th at it requires too much 
time to filter in this w ay when a more rapid method 
is available. V ery  satisfactory results were, how
ever, obtained when all the washings except the last 
washing of the alkali were done with the copper fun
nel and the fiber then washed into the gooch. W ith 
wheat products' and similar materials this procedure 
is fairly rapid, but with cottonseed-meal and similar 
products the filters clog very  readily and it requires a 
considerable amount of time to complete the filtra
tion.

Tests were also made with the Monroe crucible, 
prepared according to the directions given by Snell- 
ing.1 W hen the filtrations were divided as described 
for the Gooch crucible, the Monroe crucible gave very  
satisfactory results. The tim e of filtration is, of 
course, longer than w ith the copper funnel, but this 
will be more than compensated for b y  the time saved 
on the evaporations. Snelling suggests the use of 
a platinum wire gauze in the platinum felt to prevent 
cracking and curling of the felt when heated. This 
would probably be of considerable advantage in this 
class of work. A fter the fiber has been ignited and 
weighed the ash can be very  easily removed with a 
camel’s hair brush without injuring the platinum felt.

F e e d  a n d  M i c r o - C h e m i c a l  L a b o r a t o r y ,

N .  C .  D e p a r t m e n t  o f  A g r i c u l t u r e ,

R a l e i g h .

1 J .  Ajrt. Chem. Soc., 31, 4, 1909,
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Glycerine is so closely associated w ith  the soap industry  

th a t 110 soap plant is com plete w ith o u t its  departm ent for sa v

ing the glycerine contained in the fa ts  and oils used b y  the  

soap maker.

F or a  num ber of years chem ists and engineers h ave been  

d irecting their energies tow ard im proved processes and m a

chinery for the recovery of glycerine from spent soap lye. M an y  

patents h ave been granted and m an y processes developed, 

each h avin g the com m on ob ject of glycerine recovery. A  

gradual evolution can be traced, the plants in successful opera

tion to -d a y being bu t com binations of the old principles w ith  

new  ideas, resulting in greater efficiency of procedure and im 

proved design of apparatus.

M etallic salts, such as sulfate of iron and alum inum , were 

used in the early stages of ly e  treatm ent for coagulating and  

purifying agents, as in the processes of L . M. Brochon, in 1882, 

and Jesse P. Battersh all, in 1883, and later b y  Jos. V a n  R u ym -  

beke, in 1891. T h e  V an  R u ym b ek e  process for recovering  

the glycerine from the still foots w as an im portant step taken  

in 1894. In  1904 Garrigues developed his process for elim inat

ing volatile fa tt y  acids previous to  distillation.

Dom eier and H agem ann, in 1890, first used the closed salt 

separator later applied to vacuum  evaporators b y  Foster, in 

1899. O. Laist, in 1883, applied the air condenser to glycerine  

stills, bu t the first use of vacuum  had been m ade in 1882 in 

connection w ith  the apparatus of F . Arm andy. In 1891 V an  

R u ym b ek e com bined the use of high vacuum  w ith  h eating the  

still b y  m eans of saturated steam  and injecting saturated steam  

and in 1894 applied the injection of expanded and reheated  

steam  to glycerine stills. In  1904 Garrigues utilized the heat 

of the glycerine vapor from the still for superheating the low  

pressure steam  injected into the still.

Fig. 1 .— Apparatus of O. Laist, 18S3. Air condenser applied to 
glycerine still.

W ith  the Garrigues process the crude glycerine is of first 

q u ality, d yn am ite  grade glycerine can alw ays be produced  

in one distillation, and it is possible to  obtain from even the  

blackest soap crudes a colorless, odorless, salt-free glycerine in  

tw o distillations, and there is never a  tim e when the glycerine  

is off and has to be re-distilled.

Crude glycerine from soap lyes is a  saturated solution of 

various alkaline salts in glycerine together w ith  va ryin g am ounts  

of w ater, organic im purities and coloring m atter. I t  is sold on 

a  basis of 80 per cent, glycerine content and m ust contain  

bu t a  small percentage of salts and organic m atter in order to  

present bu t little  d ifficulty in refining.

Refined glycerine m ust m eet more stringent tests. D y n a 

m ite  grade m ust h ave a  g r a v ity  a t 60/60 F . of not less than 1.2602  

and m ust contain not more than 0 .0 1 per cent, chlorine as de

term ined in the w ater solution of the ignited residue. Som e

buyers la y  particular stress on the follow ing silver nitrate test: 

M ix  10 cc. of glycerine w ith  10 cc. of 10 per cent, silver nitrate  

and stand in the dark 10 m inutes. N o precipitation or m arked  

darkening in color m ust take place.

F o r chem ically pure glycerine the tests as given  in the U nited  

S ta te s  Pharm acopoeia are official. C. P. glycerine m ust con

tain not less than 95 per cent, absolute glycerol, m ust be odor

less and colorless, and conform to tests for mineral im purities, 

sugars, acids, salts, etc. O f the several tests designated in the 

Pharm acopoeia, th at for bu tyric acid is m ost stringent and no 

glycerine will m eet it. Also the silver nitrate test for acrolein  

is open to suspicion. In  m aking this test the tem perature  

m ust be taken  into consideration, as an y variation in tem 

perature w ill invalid ate the test. A  good test is to m ix  equal 

volum es of glycerine and a  20 per cent, solution of silver nitrate  

and stand in the dark for th irty  minutes. T h e  solution should 

show no color in th a t time. T h e tem perature m ust be kept 

constant b y  immersion in w ater a t 1 5 0 C.

Fig. 3.—Domeier and Hagcmann's salt pan, 1890.

T h e  presence of arsenic in glycerine used for m edicinal pur

poses is e xtrem ely dangerous and pure glycerine should not 

show a n y  reaction for arsenic b y  the follow ing m odification  

of the G u tzeit test. P lace 2 cc. of sam ple in a  high test-tube; 

ad d  some zinc free from arsenic and a  few  cc. of pure dilute



284 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 .  June, 1910

Fig. 6 .—Van Ruvm beke’s still and concentrator, 1891.

T o  rem ove the organic im purities some m eans m ust be em 

ployed to  render them  insoluble. T h is is best accom plished  

b y  the addition of m etallic salts, form ing insoluble m etallic  

com pounds, w hich are coagulated when the ly e  is brought 

to neutral. There are a  num ber of com pounds on the m arket 

for w hich special ad vantages in ly e  treatm ent are claimed.
For this work, however, the lower grades of alu

minum sulfate are am p ly efficient and cheap enough  

to offset an y ad vantage of the special chem icals.

T h e  am ount of alum inum  sulfate to be used  

depends on the cleanliness of the ly e  and its free

dom from soap and gelatinous m atters. T h e  least 

am ount th a t will give a good cake in the filter 

press and not gum  the cloths is the am ount to use. 

T h is chem ical can be added either d ry  or dissolved  

in w ater and will neutralize about one-third its  

w eight of caustic soda. A n  excess of free caustic

sulfuric acid. T h e test tube is then covered w ith  a  tigh tly

fittin g cap of filter paper, tw o or three layers thick, the inner

most layer h avin g been previously m oistened b y  the aid of a  

glass rod, w ith  a  50 per cent, solution o f silver nitrate. In  

presence of arsenic, arseniuretted hydrogen is given off. A fter  

ten m inutes standing the paper cap is taken off and exam ined. 

N o yellowish coloration should be noticeable. D istinction

should be made in the sulfuric acid used in the process. T h a t  

m ade from pyrites will sjlmost alw ays contain arsenic, w hile th at  

m ade from brimestone does not.

Spent soap lyes as produced b y  the modern soap factory  

v a ry in q u a lity, depending on the practice of the soap maker.

T h e  refiner would, of 

course, prefer to  receive  

lyes free from organic  

im purities and coloring  

m atter, bu t the ob ject of 

passing wTater through the  

k ettle  is to  rem ove the  

dirt and coloring m atter  

from the soap as w ell as 

to obtain  a  good yield of 

glycerine. It is advisable, 

however, to avoid running  

nigre and rosin ly e  to the  

glycerine plant. This, of 

course, can on ly be done 

if the glycerine has been 

properly rem oved from  

the soap before th e nigre 

and rosin are added.
T h e  yield  of glycerine  

obtainable from the soap  

stock is entirely depend

ent on the am ount of lye  

rem oved from the kettle. 

T h e  best practice is to ge t  

ab ou t 90 per cent, of the  

glycerine in th e  stock into  

the crude. T o  obtain  this  

yield  necessitates the re

m oval of a t least three  

pounds of ly e  per pound
of stock saponified, not 

Fig. 4.— Damcier and Hagemann's , .
evaporator, 1890. counting the rosin used.

T h e  tim e to  stop m aking  

washes for the glycerine plant is w hen there can no longer be 

obtained a ly e  containing sufficient glycerine to p a y  for its re

covery.
^ S p e n t  soap ly e  as run from the kettle  consists of w ater hold

in g in solution the salt added to separate the soap, some soap  

(including lim e soap), free alkali in the form of sodium hyd rate  

and carbonate, album inous m atter in suspension as well as in 

solution, in certain cases gum s, and the glycerine. If  rosin 

and ; nigre lyes are used there will be m uch coloring m atter  

from the rosin and nigre. A ll ly es  w ill separate some soap  

on cooling and a storage tank should be provided for the lye

Fig. 5.— Van Ruymbekc's still and concentrator, 1891.

w aitin g to be treated and from w hich the separated soap can 

be skim m ed. N o lye need be drawn for the glycerine plant 

containing sufficient strength to  raise the average of all the  

lyes to more than 0 .4  per cent, total alkalin ity. T h is low  

figure will result in a  large savin g both in caustic soda in the 

soap fa cto ry and acid used to neutralize the a lk alin ity  of the  

ly e  in the glycerine plant.

A fter the ly e  has cooled and all separated soap been skim m ed  

off, it  is taken to the glycerine plant, where it is to be treated  

before going to the evaporators. T h e  alkali in the ly e  m ust 

be neutralized and the organic im purities rem oved.

T h e  neutralization of the alkali is effected b y  the addition  

of an acid, either hydrochloric or sulfuric. T h e  use of the  

former is open to objection because of high cost. I t  has the ad 

vantage, however, of producing as a  result o f the chem ical 

action, sodium chloride, and the salt recovered from the evap o

rator can be used continuously in the soap kettles. I t  also  

contains no arsenic— an ad va n ta ge where C. P. glycerine is 

m anufactured.

Sulfuric acid is m ost generally used. Its  use introduces 

sodium sulfate into the lye, which salt is recovered w ith  the  

com m on salt from the evaporator. Sodium  sulfate is prac

tically  useless for graining soap, its graining qualities being  

b u t three-fifths th a t of sodium chloride and the grain produced  

is soft and often hard to separate from  the lye. W hen the re

covered salt has been used a  sufficient num ber of tim es to bring 

the percentage content of sodium sulfate to  25 per cent, or 30 

per cent., it  is advisable to w aste it, as w ith  an y th in g over this  

proportion so m uch is required to grain the soap th at the large 

am ount of salt is liable to give  trouble in the evaporator b y  

coating the tubes. T h e  num ber of tim es recovered salt can be  

re-used depends on the am ount of alkali left in the lyes.
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in the ly e  has a  ten d en cy to  form alum inum  h yd rate w hich will 

retard filtering.

Som e operators prefer to determ ine th e  am ount of alkali in 

the ly e  b y  chem ical analysis and then estim ate the w eight of 

acid to  be added to bring the lye to neutral, m aking proper 

deduction for the am ount of alkali neutralized b y  theialum inum

Fie- 7.—Van Ruymbcke’s still, 1S94.

sulfate. This, however, is unnecessary, as b y  m eans of a  good  

neutral litm us paper in the hands of a  careful w orker the lye  

can be readily brought to  betw een neutral and 0 .0 1 per cent, 

alkaline (tested b y  the m ethod given  below, using phenolplithal- 

ein).
A ll lyes w ill contain some carbonate of soda. Carbonates  

in the ly e  h ave a  tend ency to cause foam ing in the evaporator  

and as the action of carbonates on litm us is som ew hat m islead

ing the best procedure is as follows:
T h e  ly e  is placed in the treatin g tan k in w hich some m eans 

has been installed for a g ita tin g  w ith  air. W ith  th e air turned  

on, a  portion of the acid is added— preferably ju st sufficient 

to take u p  the free caustic— then add the sulfate of alum inum . 

A fter the chem ical is w ell m ixed in, the ly e  should still be alka

line. N ow  enough acid  should be added to ju st carry the lye

F ig . S.—Details of Van Ruym beke’s superheater and still, 1894.

beyond the neutral point to  the acid side, as indicated b y  its  

givin g to neutral litm us paper a  faint pink tinge. Care should  

be taken to thoroughly agitate  the lye during all stages of the  

treatm ent.

I f  th e ly e  were le ft in this acid condition there w ould be a  

ten d en cy to re-convert some of the alum inum  soap to  alum inum  

sulfate and set the organic m atter free, in w hich  

case both would go into solution in the acid liquor  

and pass through the press, producing a  dark a n d  

gu m m y crude.

T o  avoid this state, the ly e  is m ade neutral o r  

sligh tly alkaline b y  the addition of a  strong solu

tion of caustic soda. If  the second addition of acid  

has been carefully m ade no more than one pint of 

3 0 ° B i. caustic need be added in treating 30,000 

pounds of lye.

If the ly e  is ju st neutral it  is w ell to m ake sure 

no chem ical is still in solution. F ilter a  small 

sam ple and add a few drops strong am m onia. I f  

there is an y precipitate, add some more caustic to 

the ly e  and repeat the test. U su ally th e proper 

condition will be reached when the lye is between  

neutral and 0 .0 1 per cent, alkaline. I f  desirable 

to know  the e x a ct condition of the lye, it  is best 

determ ined b y  the follow ing test: T o  about 20 

gram s of the filtered lye add 25 cc. distilled water 

and 5 cc. quarter-normal sulfuric acid. Boil for a 

few m inutes to expel carbonic acid and titrate w ith  quarter nor

m al caustic soda, using phenolphthalein as indicator. If  more 

acid is used the ly e  is alkaline. I f  more alkali it  is acid. T h e  

difference between the acid and alkali used, m ultiplied b y  0 .0 1,  

d ivided b y  the w eight of sam ple used and then b y  100, is the  

per cent, alk alin ity  or acid ity  of the lye.

If  the lyes being treated contain rosin lye or ly e  from the  

lower grades of grease, there m ay be an accum ulation of a 

gu m m y m aterial 011 the surface of the tank. T h is should be 

skim m ed off, as it will gum  the press cloths and m ake it hard to  

clean them , as w ell as retard the filtering of the lye.

Th e ly e  is now ready to be filtered and should pass through  

the press w ith  little  or no pressure. T h e  press should drain  

into the tan k  from w hich the evaporator takes feed. W ith  

th is . treatm ent bu t one filtering is necessary, the filtered ly e  

being p ractically w ater w hite. L y e  containing an excess of 

alkali w ill h ave a  yellow  color and is often all bu t impossible to  

filter clcar.

T h e  practice of some soaptnakers of returning silicated scrap  

to the kettles is to be condem ned, unless all the lyes for the  

glycerine plant h ave  been previously w ithdraw n from the  

kettle. T h is  practice results in not o n ly a loss in valuable  

filler bu t also a- loss in acid neutralized b y  the sodium silicate  

in the ly e  treatm ent. T h e  strongest objection, however, is 

th a t in treating the ly e  the addition of acid sets free silicic 

acid in its  colloidal form, and a n y  appreciable am ount of this  

w ill retard filtering, and som etim es prevent the passage of an y  

ly e  a t even excessive pressures. .

A ll lyes w ill contain nitrogenous m atter, the am ount varyin g  

w ith  the care used in rendering. W hen the lyes are treated  

this is not rem oved, m ost of it appearing in the crude, increas

in g the figure for non-volatile organic residue. I f  the lyes arc  

alkaline this nitrogenous m atter p artly decom poses in the  

evaporator, givin g off am m onia. In the still this decom posi

tion continues, the crude being alw ays distilled alkaline, the  

am m onia passing out through fhe vacuum  pum p. There is 

no accum ulation of nitrogen in the still foots when these are re
turned to  th e  lyes, show ing ultim ate decom position o f all nitrog

enous m atter.

Crudes from  cottonseed soap stock lyes contain  nitrogenous 
acid  bodies th a t  resist th is  decom position, necessitating  w aste
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of the still residues. T h e  same ap p lying to crudes obtained  

b y  au to clave or T w itch ell process from cottonseed soap stock  

black grease.

L y e s  stored, free from caustic, ferm ent, the nitrogenous 

m atter decomposing, producing sulfides w hich give off 

hydrogen sulfide on acidifying, and some glycerine is converted  

to trim ethylene glycol.

Fig. 9 —Van Ruymbeke’s evaporator, 1894.

Ferm ented lyes give  considerable trouble in the evaporator  

b y  foam ing. I t  is som etim es im possible to evaporate them. 

T h e  sulfides also corrode the iron of the apparatus.

A fter filtration the ly e  is ready for the evaporator, and is to  

be concentrated to crude glyccrine. T h is concentration m a y  

be accom plished in various typ e s of evaporators, which m ay  

be operated either single or double effect. T h e  use of evapora

tors of more than double effect is not practical in glycerine  

ly e  concentration, because of the difficulty en

countered w ith  the salt. In double effect w ork salt 

will often d eposit in the first effect. I f  a triple 

effect m achine were used, salt w ould alw ays deposit J
in the second effect and because of the low  

vacuum  under w hich the boiling in the second 

effect is accom plished, th e tubes w ould becom e  

coated and interfere seriously w ith  the proper 

operation o f the machine.

I f  evaporators of the horizontal tube ty p e  are 

used or an y typ e  m achine in w hich the salt from  

the entire run is accum ulated and em ptied after  

the m achine is shut down, it is preferable to 

operate in tw o stages. T h a t is to concentrate the lye  

to half crude containing from 30 per cent, to 40 

per cent, of glycerol, and when sufficient of the 

h alf crude has accum ulated to finish to crude 

containing So per cent, or more actual glycerol.

T h e  large b o d y of salt obtained when finished 

crude is produced in one operation is difficult to  

handle as the crude salt is harder to separate from  

the more viscous liquor. T h e large am ount o f salt 

obtained also gives trouble b y  salting the m achine  

so th at even tu ally  it  is found necessary to boil ou t  

w ith w ater to thoroughly clean the machine. P articularly is 

this so when sodium sulfate has accum ulated to a n y  extent.

B y  operating in tw o sta ges ab ou t 80 per cent, of the salt re

covered is obtained from the h alf crude and the tubes a t the 

end of a  h alf crude run have on ly a  slight coating of salt, w hich  

is effectually rem oved b y  the ligh t ly e  when starting the n ex t  

run. Th en  when finishing to crude, if the m achine is filled 

w ith  fresh lye and brought to a  boil before an y h alf crude is

fed, the tubes are thoroughly cleaned for the final concentra
tion.

A  finished crude can be obtained b y  double effect working, 

bu t there w ill be a big savin g of tim e b y  w orking double effect 

to  the half crude stage and then separating the; double into

tw o single effects and finishing the h alf crude, to crude using
live steam_at 15 pounds pressure.

In  the Garrigues’ evaporator the salt is separated  

and rem oved b y  the salt separator during concen

tration w ith o u t interfering w ith the operation of 

the m achine. I t  is thus possible to m ake finished  

crude in one operation, if desired, and still avoid  

trouble from the salt. T h is  applies more particu

la rly to the single effect m achine, as finishing to

crude in double effect is to be avoided, as stated
above.

In  his double effect apparatus, G arrigues has made 

the effects reversible b y  special arrangem ent of the  

vapor piping and valves. T h e  a d va n ta ge of this is 

qu ite evident. In  double effect evaporation, when  

the desired concentration has been reached in the  

second effect and th e m achine is shut down, the  

first vessel will contain a  liquor considerably  

heavier in g r a v ity  than the fresh lye. A s  the prin

ciple of successful double effect w orking dem ands  

a  ligh t liquid in the first effect, it  is necessary to  

e m p ty the first effect of this h ea vy liquor and start  

w ith  fresh lye. Also the tubes of the second effect 

w ould h ave a  coating of salt, and if this p artly  concentrated lye, 

w hich m igh t be a t  the salting point, w as transferred to the 

second vessel it  w ould not dissolve the salt from the tubes. T h e  

salt w ould then accum ulate on the tubes and the m achine w ould  

e ven tu ally  h ave to  be shut dow n for cleaning.

N ow , if a t  the end of a  run it is possible to reverse the effects, 

the m achine is in ideal condition to  sta rt a  new run. W h at  

w as form erly the first effect containing a p a rtly  concentrated

n.

I’iff. 10.—Van Ruymbeke's still set, 1S94.

liquor and clean tubes has now becom e the second effect, and  

the second effect o f the previous run w ith  the tubes coated w ith  

salt has becom e the first. T h e  tubes are then thoroughly  

cleaned b y  the fresh ly e  fed during th e operation.

Crude glycerine contains va ryin g am ounts of organic m atter, 

depending on the care used in the ly e  treatm ent, and alkali 

salts of the volatile fa tty  acids. T h e  term  "v o la tile  fa tty  a cid s ”  

is used am ong chem ists to  m ean such fa tty  acids as vaporize
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w ith  w ater vapors a t  a  tem p era tu re-n o t exceeding 2 1 2 0 F . 

Th ese include acetic, bu tyric, caprylic, etc., acids.

T h e  presence of organic m atter an d  alkaline salts m aterially  

retards distillation of the crude and increases the still residue. 

Furtherm ore, i t  is im possible to com pletely separate the g ly-

tlie sam e tim e the greater part of th e -v o la tile  fa t t y  acids is 

elim inated.

A s the glycerine becomes more concentrated b y  the evapora
tion, a  com bination takes place between some glycerine and  

part of the rem aining fa tty  acids producing glycerides, w hich

F ig . 1 1 .— V a n  R uym beke ' 

cerine from the alkali salts of the volatile  fa tt y  acids, some of 

the fa tty  acids passing over to  the distillate and some glycerine  

being retained in the still, the am ount of glycerine retained  

increasing in proportion to  the q u a n tity  of the alkaline salts  

in the still. In  some instances the residues contain 50 per cent, 

o f glycerine w hich cannot be readily distilled.

G arrigues has developed a  process w hich b y  a  sequence of 

various steps, concentrations, and addition of alkali largely  

elim inates the volatile  fa tty  acids previous to distillation. 

T h ere is thus in the still a ve ry sm all am ount of fa tty  acids as 

com pared w ith  the q u a n tity  of glycerine. A s  these volatile  

acids are p artly  distilled w ith  the glycerine from even an alkaline  

liquid, it  is apparent th a t the smaller the am ount in the still 

th e  less w ill be the q u a n tity  found in the distilled glycerine. 

A lso b y  alm ost entirely elim inating the volatile acids previous  

to  distillation there is produced a  residue so low in volatile  

f a t t y  acid salts th at the glycerine retained b y  them is trifling.

In  this process the lyes, as received from the soap factory, 

are treated as has alread y been described. T h e  insoluble 

alum inum  soap is separated b y  filtration b u t the soluble fa tty  

acids rem ain in solution as alkali salts and pass into the fil

trate. A fter filtering, the lye is evaporated to  

h alf crude, containing 30 per cent, to 40 per cent, 

o f glycerol.

T h e  h alf crude liquor is separated from the salts  

crystallized  during the evaporation. Sulfate of 

alum ina is added in sufficient q u a n tity  to produce  

alum inum  soap from all the insoluble fa tt y  acids  

still present in the liquid in form of soluble alkali 

soaps. T h e  liquid is now filtered and enough sul

furic acid then added to com bine w ith  the 

greater part or all of the alkali in com bina

tion w ith  the volatile  fa tty  acids. T h u s the  

volatile  fa tt y  acids are set free. T h e  liquid is 

again  evaporated, the evaporation being con

tinued until the liquid contains ab ove 80 per 

cent, of glycerol. D uring this operation a 

further crystallization o f salt takes place, and at

s distilling plant, 1896.

are identical w ith  those contained in the original fat. Th ere

fore it  is not feasible to elim inate all the volatile fa tt y  acids 

present during one evaporation.

T h e  n ex t step is to  distil off the glycerine. A t  the high  

tem perature necessary for doing this the glycerides of the vo la

tile fa tt y  acids contained in the liquid w ould again be decom 

posed b y  the steam  into free fa tty  acids and glycerine. B o th  

w ould distil and some glycerides would also distil unchanged. 

T o  avoid this contam ination of the distillate a  sufficient q u a n tity  

of alkali is added to the still. T h is  com bines w ith  the fa tty  

acids present, holding the greater part of them  in the still, 

pro bably in the original condition in w hich th e y existed  in the 

lye. T h e  liquid is now distilled. T h e  operation is continued  

until nearly all the glycerine is distilled and o n ly  a  small residue 

remains in the still. T h is  consists essentially o f sulfate and  

chloride of sodium, the alkaline salts of the fa t t y  acids and  

some coloring m atter, together w ith  a  sm all q u a n tity  of 

glycerine, and m a y be returned to the ly e  and again put through  

th e process.
T h eo retically considered, the elim ination of volatile fa tty  

acids m a y be brought about if in the first treatm ent the spent
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Fig. 13.—Foster’s evaporator, 1899.

liquid is produced after partially concentrating the same, m ak

in g it more viscid, due to a  greater percentage of glycerine. 

A lso the am ount of dilu te liquid to be handled w ould be so 

great that it  would not be so easy to obtain  the required condi

tions as when a  small q u a n tity  of more concentrated liquor 

is treated. W aste lyes also contain some fa tt y  acids w hich are 

sparingly soluble in water, b u t not readily volatile w ith  w ater  

vapor. I f  the dilute liquor is acidified these acids pass into  

the filtrate because of the large am ount of w ater present. If, 

however, a  sm all q u a n tity  of concentrated liquid be acidified, 

these acids are largely precipitated and rem oved in the second  

filtration.

T h e  m achinery designed b y  Garrigues. for perform ing the 

several operations of his recovery process is illustrated in 

the accom panying cuts.

F ig. 15 is a sectional detail of a  vertical cast iron, steam  drum  

evaporator. T h is evaporator is particularly ad apted  to the con

centration of the acidified liquor. T h e acids volatilized during  

concentration h ave no m aterial effect on cast iron, b u t will cor

rode steel plate. T h e evaporator consists of a cylindrical cast iron 

b o d y w ith an internal steam  drum arrangem ent for supplying  

the necessary heat for the evaporation. T h is h eating arrange

m ent is a  cylindrical cast iron pot h avin g a to p  cover sheet of 

rolled copper. Copper tubes pass through the pot and are e x 

panded into the cast iron bottom  and top copper sheet, m ak

ing ab so lutely tig h t joints. T h e  difference in expansion betw een  

the copper tubes and cast iron is a m p ly  provided for b y  the use

of the copper tube sheet and th e construction of the iron pot as 

shown, thus avoid in g le ak y tubes. Steam  is ad m itted  into  

the drum b y  a  pipe through th e top of the evaporator and sur

rounds the tubes. T h is pipe is sufficiently large to allow  the  

use of exh aust steam  and is fitted  w ith  a  curved conical dash  

p late  ab o ve the drum. T h e  condensation is carried a w a y  b y  

suitable piping connecting into th é  bottom  o f the drum . T h e  

bociy is connected a t the bottom  to  a  salt extractor b y  a  spe

cia lly  designed gate  valve. T h is  extractor is also cast iron 

and is fitted w ith  sight glasses, vacuum  gauge, and a  salt odor 

for rem oving the salt. T h e bottom  of the e xtractor is provided  

w ith  a  screen of brass wire cloth betw een perforated iron plates  

for draining the liquor from the salt. A  vacuum  break an d  

steam  connection are provided in the top. A  suitable arrange

m ent of piping connects the bottom  of the salt e xtractor w ith  

the top and bottom  of the evaporator and provides means- 

for feeding and draw ing off the liquor, breaking the vacuum  

in the m achine, etc. T h e  vapor is carried a w a y  b y  piping  

connecting into a  cast iron catchall for retaining a n y  liquor  

carried over b y  entrainm ent. T h e  catchall in turn connects  

w ith  some suitable apparatus for condensing the vapors and  

m aintaining vacuum  in the evaporator.

F ig. 16 is a  steam  drum evaporator of same principle as the  

cast iron evaporator. I t  is bu ilt entirely o f steel plate and is 

provided w ith  additional dash plates. Charcoal iron boiler 

tubes are used so no provision for difference in expansion need  

be made.

F ig. 17 is a double effect steel plate evaporator h avin g th e  

vapor pipes so arranged as to m ake the effects reversible.

F ig. iS  is a  com plete plant for producing crude glycerine, 

show ing the several tanks w ith  the filter press for treating and  

filtering the liquors, a  K o e rtin g  • '

e x h a u s t e r  for ag ita tin g  the  

liquor, and the evaporator w ith  

the salt extractor, condenser and  

vaccum  pum p.

F ig . 19 shows a  com plete dis

tilling set arranged to illustrate  

the principle. T h e  still into  

w hich the crude glycerine is fed 

is heated b y  means of high pres

sure steam  in the closed coil, 

th e tem perature in the still be

ing m a ntained a t  ab o ve 300° F .

A  pipe into the bottom  of the  

still connects w ith a perforated  

cross through w hich superheated  

steam  is injected into the liquid.

T h e  vapors pass off a t  the top  

through a  pipe into a  catchall 

for retaining a n y  entrained  

liquors. T h e  catchall is provided  

w ith a  steam  coil for keeping  

the vapors h ot and preventing  

condensation at this point. From  

the catchall the vapors pass to 

the superheater, surrounding the —

tubes. A  large part of the glye- _
. , , , Fig. 14.—Foster’s salt pan. 1S09.

erine is here condensed and

passes w ith  the rem aining vapors into the pipe leading to th e  

cooler. T h e  cooler is operated w ith  h ot w ater and the tem pera

ture of the w ater regulated b y  m eans o f the cooling tan k so as t a  

condense nearly all the rem aining glycerine in the vapors w ith  bu t  

a sm all am ount of the steam . T h e condensed liquor drops down  

and drains w ith  th a t from the superheater into the concentrator. 

T h e  vapors w hich pass the cooler contain a sm all am ount o f  

glycerine and are all condensed in the surface condenser and  

collected in the receiver below. A  connection is m ade from.

ly e  is m ade acid to  such an exten t th a t the volatile fa tt y  acids  

are set free. These w ould then pass over w ith the w ater vapor 

during the subsequent evaporation of the lye. T h is plan is 

open to objection because the dilute liquid w ill froth vio lently  

during the evaporation if it  contains free volatile  fa tty  acids. 

This, however, does not take place if th e acid condition of the

Ft&.4.
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this receiver to a vacuu m  pum p for m a:n ta 'n 'n g  vacuum  in the 

e n t re apparatus. T h e  liquor condensed in the superheater and  

cooler collects in the concentrator and is fin shed to g r a v ity  b y  

high' pressure steam  in the closed steam  co 1, the w ater vapors 

driven off pass'ng to the condenser w ith  the vapors from the 

cooler. T h e  l'quor collected in the receiver, called Sweetwater, 

is fed to the evaporator as produced. T h e  evaporator is heated  

b y  means of a  co l which receives steam  from the outlets o f the  

high pressure steam  coils in the still and concentrator. T h e  

vapor generated in the evaporator being produced under re

duced pressure because of the vacuum  m aintained in the ap 

paratus has a tem perature well under 2 1 2 °  F . T h is vapor

filter press b y  m eans of the pum p, draining into the feed tank. 

W hen the entire charge is filtered the press is steam ed ou t till 

liv e  steam  blows free from all the cocks, th e liquor steam ed  

out draining to the treating tank. A fter steam ing, the press 

is opened and cleaned. T h e  cake should be hard and d ry  

and easily rem oved b y  w ooden scrapers, leavin g the cloths  

clean.

T o  start the evaporator the vacuum  pum p is started and then  

some w ater turned on to the condenser. T h e  feed v a lve  is 

opened and when the pum p has raised sufficient vacuum  the  

m achine will fill. W hile the m achine is filling the pum p w ill be 

raising the vacuum  and b y  the tim e the liquor has reached

Fig. 15.—Garr^gues’ cast-iron evaporator.

passes to  the superheater and through the tubes. H ere it is 

superheated b y  th e h ot vapors from the still w hich surround  

the tubes. T h e superheated steam  then passes to the still 

and is injected into the liquor through the perforated cross, 

causing the glycerine to distil.
In describing the com plete operation, reference is m ade to  

the com plete crude plant, F ig. 18, and the still set, F ig. 19. T h e  

ly e  from the soap factory, w ith  w hich the still residue from a  

previous run m a y h ave been m ixed, is placed in the treating  

tan k and treated w ith  sulfuric acid and alum inum  sulfate as 

alread y described, agitation being produced b y  means of the  

K o e rtin g exhauster. T h e  liquor is then passed through the

the proper level, preferably ab ou t the to p  of the tubes, the  

vacuum  will be about 25". T h e  feed va lve  is closed and steam  

turned on, le ttin g  the liquor com e to a  boil slow ly. T h e  vacuum  

w ill fall at first and then recover quickly. N o w  more injection  

w ater w ill be needed and the full am ount is turned on to the con

denser. I f  the evaporator is given  all the steam  it w ill take  

w ithout raising the pressure at the start to more than two  

pounds, the evaporation will be quite rapid. T h e  feed va lve  

is again opened and so regulated as to m aintain a  constant 

level in the machine.

A s the evaporation continues, salt will begin to crystallize  

out and settle dow n into the salt separator through the g a tg

ssiam as 
CL i-flT'-jWC. f  'M.rafWO*
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valve, w hich is open from th e start. W hen the separator is 

filled w ith  salt, as can be seen through the sigh t glass, the gate  

v a lve  is closed. T h e  connection from the bottom  of the salt  

separator is then opened and the liquor draw n from the salt  

into the evaporator. T h is is accom plished b y  introducing an  

atm osphere of steam  into the separator a t the top, the vacuum  

then draw ing the liquor into the m achine b y  difference of pres

sure. A fter the liquor is all drained off the salt the atm osphere

Fig. 16.—Garrigues’ steel plate evaporator.

of steam  is m aintained in the separator for ten  or fifteen m in

utes until the salt is thoroughly washed free of glycerine and  

dried. T h e  steam  is then turned off, the connection to the  

evaporator closed, and the salt rem oved through the salt door. 

T h e  salt should be ready to  be returned to the soap factory. 

N ow  the separator is closed and the connection to the top of 

the evaporator opened slow ly to exh aust the air from the separa

tor. T h en  the gate v a lv e  is opened slow ly and the liquor al

lowed to  run into the separator, the feed v a lv e  being opened  

w ide to m aintain  the level. T h is operation is repeated as often  

as the separator fills w ith  salt. W hen the entire charge is fed  

to  the m achine, w hich w ill be near the end of the d ay, it  is a l

lowed to boil down to  h alf crude of ab ou t 2 8 ° to 3 0 ° B6. T h e  

evaporation is then stopped b y  first closing off the steam , then  

stopping th e w ater to the condenser and sh u ttin g dow n the  

pum p. T h e  liquor is draw n off and pum ped to the receiving  

tank.

W hen a  sufficient am ount of half crude has accum ulated  

it is to be treated for elim inating the volatile  fa tty  acids and  

finished to crude. T h e  h alf crude is thoroughly agitated  b y  

the K o e rtin g  exhauster (the connection is not shown in the  

cut) to  insure its being uniform. I f  the h alf crude is alkaline  

it is first to be neutralized w ith sulfuric acid. T o  determ ine  

the q u a n tity , 10 gram s of the liquor are diluted w ith  distilled  

w ater and heated to boiling. Phenolphthalein indicator is 

added and the liquid titrated  w ith  quarter-norm al sulfuric  

acid, keeping the solution boiling hot. E ach  cc. acid used is 

equ ivalen t to  0 .10  per cent, caustic soda in the h alf crude, 

w hich requires 1 .4  tim es its w eight of 6 6 ° sulfuric acid to  neu

tralize. T h is acid  is added to  the treating tan k  w ith  th e air  

turned on. I f  the h alf crude is not alkaline to phenolphthalein  

this operation is om itted. . In  either case the procedure is as  

follows:

A  sam ple of the neutral liquid, 10 cc., is m easured into each  

of, s a y  four beakers, and to them  is added a  12 per cent, filtered  

solution of sulfate of alum inum , 120 gram s per liter— ab o u t  

1 .5  cc. to the first beaker, and increasing b y  0 .5  cc. in each  

successive beaker. F ilte r in each ease, and to  the filtrate add  

more of the sulfate of alum inum  solution. T h e  test w hich re

m ains clear on this second addition and contains the sm allest 

am ount of sulfate of alum inum , is the one to be accepted. I f  

all remain clear, of. course, too m uch w as used in each case, 

and the test is repeated on a  lower range, whereas if all becom es  

turbid, not enough w as added in a n y  case, and the test is re

peated on a  higher range. U su ally  the results arer fairly uni

form, so th a t a  little  experience w ith  the process w ill determ ine  

the range to em ploy.

E ach  cc. of the alum inum  sulfate solution used cells for 1 

per cent, alum inum  sulfate to be added to th e liquid in the  

treatin g tank, and the required q u a n tity  should be dissolved in 

w ater b y  the aid of steam , and m ixed into the charge, w hich is 

then to be filtered, the liquor draining into the feed tank. A s  

this liquid is so rich in glycerine, the filter press should h ave an  

attach m en t for feeding h ot w ater, so th a t the press cake m ay be  

washed, the w ashings going to  the treatin g tank.

A  sam ple of the clear filtrate, of ab ou t 2 grams, is evaporated  

free from w ater in a  platinum  dish covered w ith  a  platinum  

foil, and, w hen dry, it is com pletely incinerated. T h e  dish is 

to be heated to a high tem perature w ith  a  good gas flame; after  

cooling, the residue in the dish is dissolved in w arm ' w ater and  

w ashed into a  flask. Phenolphthalein and excess of quarter- 

normal acid arc added. T h e  solution is then boiled for a  few  

m inutes and titra te d  w ith  quarter-norm al alkali; m aking the  

test e x a ctly  as described for the spent lye, and also m aking the  

calculation the same w ay.

F or each per cent, alkali, calculated as caustic soda present, 

add 1 per cent. 6 6 ° sulfuric acid, w hich w ill produce no separa

tion in the liquid, if the previous treatm ent w ith alum inum  

sulfate w as properly done. T h e  liquor is now  evaporated  to  

crude glycerine, operating e x a c tly  the same as in m aking h alf 

crude e xcept th a t steam  a t 15 pounds pressure is used, during  

which evaporation the soluble acids are expelled w ith  the  

vapor. Th ere m ust never be free sulfuric acid present, as this 

w ould corrode the evaporator.

A ll the soluble acid  set free is not volatilized. ‘ A s  alread y
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r-f?,tnr r, yrrr*r*r pi *a/7 .

Fig. 18.— Garrigues' complete soap lye, crude glycerine plant.

explained, w hen a  certain concentration is reached, the free 

fa tty  acids com bine w ith  glycerine to form esters, and these are  

not volatile. In  practice ab ou t tw o-thirds of the soluble acid

distillate. A s  th e  esters are saponified b y  the alkali to  be 

added to the crude, as soon as boiling in the still begins, i t  is 

not sufficient th a t fr ie  alkali is «present in the crude, b u t th a t

Fig. 17.—Garrigues' reversible double effect evaporator.

liberated b y  the_sulfuric acid is elim inated w ith  the w ater  

vapors.

T h e  crude glycerine fed to  the still m ust be alkaline, other

wise it m a y  prim e o u t of the still, and w ill also give an im pure

enough be present to  saponify the esters and still leave the  

liquid alkaline— about 0 .3  per cent, of this excess alk alin ity  

being the best am ount.

T o  arrive a t  the q u a n tity  of alkali necessary to add to  the
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crude, the esters m ust be saponified in m aking the test, w hich  

is done b y  boiling tw o grams of the crude glycerine, diluted w ith  

100 cc. distilled w ater, w ith  ten cc. quarter-norm al caustic  

soda, for about fifteen minutes, and then ad d ing phenolphtlial- 

ein and titratin g w ith  quarter-norm al acid, and the difference 

betw een the cubic centim eters acid and alkali used, divided  

b y  2, is the per cent, caustic soda required to ju st neutralize  

the acid in the crude. T h is  am ount is added, plus the 0.3 

per cent, free alkali desired to h ave present. T h e  addition is 

best m ade in the form of a  strong solution of caustic soda, ob

taining the alkali strength from the specific gra vity , b y  refer-

hot vapor from the still superheats the vapor from the evapora

tor so th a t it  is delivered into the still a t  a tem perature of about 

300° F . (having received ab ou t 160° F . of superheat) and a t a  

vacuum  of 22" to 24". T h is abstraction of h eat from the vapors 

condenses the glycerine in the superheater.

W hen the glycerin beigns to distil a  little  w ater is started  

through the tubes of the cooler, regulating it so as to m aintain  

a tem perature of 140 ° to 160 ° F . in the overflow  pipe. I t  is not 

desirable th at all the glycerine be condensed here, otherwise  

all the volatile  acids not elim inated from the crude w ill also  

condense and the crude w ill h ave too high an acidity. In

«iEr-nnx cr
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Fig. 19.—Garrigues’ complete distilling set.

cnce to  an alkali table. T h e  crude is allowed to settle  free of 

salt and is then transferred ’to th e -still feed tanks.

T o  start the still, the vacuu m  pum p is started first, h aving  

th e v a lv e  on the pipe to the perforated cross in the still open. 

Then the sw eetw ater evaporator is filled to  the proper level, 

w ith  fresh w ater or sw eetw ater from a previous run. Also  

crude is fed to  the proper level in the still. H igh  pressure 

steam  is turned into the still coil gradually, h avin g the coil 

exhaust open to the sewer, till the still becomes hot. Th en  

coil exh au st to sewer is closed and connection to the sweetw ater  

evaporator coil opened, h avin g exh au st of evaporator coil open 

to sewer. These conditions are continued till th e sw eetw ater  

begins to  boil. T h en  steam  to the evaporator coil (from the 

still coil exh aust) is adjusted  so th a t vacuum  in th e evaporator  

is betw een 22" and 24", the steam  feed to the still coil h avin g  

previously been opened w ide. B y  this tim e the vacuum  on 

the still w ill h ave reached a  m axim um , the higher the better.

Steam  pressure of 140 lbs. is carried in the still coil, and the 

tem perature of the vapors in the still is m aintained a t above  

3000 F ., the corresponding tem perature of the charge likewise  

being m aintained b y  th a t part of the coil immersed in it. T h e

practice the cooler is so operated th a t the sw eetw ater will con

tain  from 3 per cent, to 5_ per cent, of the total glycerine which  

has to  be redistilled because o f the high acid content.

W hen these perm anent conditions are established, the still 

and sw eetw ater evaporator are fed up to the level a t w hich th e y  

are to be operated, and the feeding continued as required to  

m aintain constant levels. A s  th e distillation continues the  

concentrator w ill fill w ith glycerine. W hen this is about half 

full a  little  steam  is turned on to the coil,.just sufficient to e v a p 

orate the w ater condensed in the superheater and cooler. T h e  

coil exh aust is opened to  the evaporator coil. F eed in g the  

still is continued until the concentrator is nearly full and then  

stopped and the still allow ed to run down. D u rin g this stage  

the vacuum  m a y fall in the evaporator, due to the cross in the 

still clogging w ith  foots. T h e  steam -feed v a lv e  should not be  

changed, bu t if pressure appears, check the exh au st to save  
steam.

T h e still is shut dow n b y  first closing the steam  v a lve  to still 

and concentrator coils and opening the exh austs to sewer. 

Steam  to  the evaporator coil is then closed and also the va lve  on  

the injection pipe to still. T h e vacuum  brake is opened and the
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pump stopped. A s soon as the vacuum  is broken, the still 

drain should be opened and the residue allowed to drain Into  

the foots tank, in w hich there should alw ays be a few  inches of 

liquid, and this should be m ixed w ith the foots to keep them  

from hardening. T h e  still should be washed ou t w ith  hot 

sweetwater. T h e  h o t sw eetw ater is first pum ped into a per

forated pipe in the top of the still h avin g the drain va lve  open. 

The drain is closed later and the still fdled w ith  sweetw ater  

which is boiled w ith  open steam . T h is  operation to be re

peated till still is clean.

If chem ically pure glycerine is to be made, the first d istillate • 

should h ave a  g r a v ity  o f ab o u t 290 B6. at 6 o° F . W hen the  

still is shut down, if sufficient steam has been on the coil in the 

concentrator, the distillate w ill be sufficiently h ea vy and need 

not be concentrated more. If, however, d ynam ite grade is 

to be m ade, the d istillate is to be concentrated to g r a v ity  w hile  

the still is. being w ashed. T h is is accom plished b y  closing the  

valve on the vapor pipe n ex t to  the cooler before breaking the  

vacuum , thus separating th e concentrator and condenser from  

the rest of the set, the sm all connections from the vapor line 

below the cooler h avin g also been closed. Operation of the  

pum p and condenser is continued, h avin g full steam turned on 

to the concentrator coil and the exh aust open to the sewer. 

W hen the desired gr a v ity  is reached, as shown b y  testing a  

sample rem oved b y  m eans of a  sam ple tube (not shown), the  

steam is shut oil, the pum p stopped, the vacuum  broken, and  

the d ist'lla tc  pum ped to the dyn am ite bleaching tank. Here  

it  is m ixed w ith beaching carbon (about '/ ,  to */, pound per 

1000 pounds glycerine— the am ount depending on the color 

desired), then filtered and put into drums.

Crudes m ade from ferm ented lyes or lyes from fa ts  th at h ave  

not been washed before going to the soap k ettle  will alw ays  

contain more or less trim ethylene glycol. T h e gr a v ity  of chem 

ically pure trim ethylene glycol is on ly 1.0 5  and if present in 

sufficient q u a n tity  it  is impossible to obtain  g r a v ity  in m aking  

d yn am ite  glycerine. In  this case steam is injected into the  

concentrator the sam e as into the still and the glycol distilled  

off.
In  m aking chem ically pure glycerine, the first distillate is 

bleached w ith  carbon the same as in the case of dynam ite  

grade and redistilled. I f  the same still is to be used for the 

second distillation, it  is necessary to rem ove all trace of the  

foots in w ashing the still. T h e  best practice is to h ave a  second 

still for this redistillation.
T h e  operation for the chem ically pure distillation is e x a ctly  

the same as in th e case of dyn am ite grade e xcept th a t the  

sw eetw ater evaporator is alw ays started w ith  fresh w ater to  

avoid the odor of sw eetw ater from the crude. N o t so much  

steam is required, however, in this operation and the sweet

w ater evaporator is operated so as to m aintain vacuum  in the  

evaporator from one to  tw o inches less than a t the pum p. T h e  

slower th e distillation is, the purer will be the distillate. Steam  

is turned on to  the concentrator coil so th a t the distillate a t  

the end of the run w ill h ave a  g r a v ity  of about 1 .2 5 3 , a t w hich  

it  w ill contain a t least 95 per cent, absolute glycerol. T h is  

distillate is pum ped to  the bleaching tank and m ixed w ith  

bleaching carbon b y  m eans of air. A b o u t five pounds of car

bon per 1,000 lbs. of glycerine are added. I t  is then filtered  

and drum m ed.
Here again the presence of trim ethylene glycol will cause 

trouble. W hile not objectionable in pure glycerine on account 

of g ravity, it gives the product an acrid taste, w hich cannot be 

gotten rid of, as it is a  property of the glycol. W hen redistilling  

to avo id  bad effect of glycol, the first 10 per cent, distilled  

should be taken  off and k ep t separate. In  this manner an y  

b u tyric acid present is also gotten  rid of. T h e first 10 per cent, 

can be m ixed w ith  the crude and again be distilled, b u t unless 

dyn am ite  grade is produced and some glycol gotten rid of th a t

w ay, the first 10 per cent, of the second distillation would  

e ven tu ally  becom e chem ically pure glycol.

NO TE S AND C O R R E S P O N D E N C E .

D E T E R M IN A T IO N  OF S U L P H U R  IN  B R A SS AN D B R O N Z E .

F o r the determ ination of sulphur in  brass and bronze, the  

m ethod heretofore used has been rather circuitous b y  oxid izin g  

the borings, filings or sawings w ith aqu a regia, or w ith  a  solution  

of chforine or bromine, repeated evaporation w ith  H C 1 to re

m ove the nitric acid or the other oxidizing agents, digesting  

w ith  sodium carbonate filtering from the rather volum inous  

precipitate, and determ ining the sulphur in the filtrate b y  

precipitation w ith  barium chloride in the ordinary manner 

after proper acidulation.

T h e  w riter has attem p ted  to ad apt the m ethod used for 

years for the determ ination o f sulphur in organic com pounds  

to the m aking of sulphur determ inations in brasses and bronzes, 

and has been able to obtain thoroughly satisfactory results in  

the follow ing manner.

W ith  the aid of a  m ill-cut file, fine enough to m ake filings 

which w ill easily pass through a  100-mesh sieve, filings of the  

m etal are prepared (file across m achined face of test bar) and  

.passed through a sieve. A n y  small particles of iron from the  

file are rem oved w ith the aid of a  m agnet.

O ne gram  of these filings is thoroughly m ixed w ith  6 gram s 

of a  powder consisting of 2 parts of potassium  chlorate and  

one part of sodium carbonate.

In  a  w rought iron crucible there is first placed a  small q u a n tity  

of sodium carbonate to cover the bottom , then the m ixture  

of the filings w ith  the carbonate and chlorate is carefu lly trans

ferred into this crucible, and finally the whole m ixture is again  

covered over w ith  a  small q u a n tity  of sodium carbonate and  

chlorate. T h e  crucible is then covered w ith  a  porcelain cover, 

and heated first slow ly and then to a  fairly high tem perature  

over a  Bunsen flam e until the w hole mass is thoroughly m elted.

T h e  fusion after cooling is digested w ith  hot w ater. T h e  

salts w hich contain all the sulphur as sulphate, are filtered  

from the oxide residue, the filtrate is acidulated w ith h ydro

chloric acid and boiled to 'rem o ve all carbonic acid. T h e  solu

tion is then neutralized w ith am m onia and m ade sligh tly acid  

b y  carefully ad d ing hydrochloric acid until an acid reaction  

appears, and then 2 or 3 drops in excess are added. T h e  solution  

is then brought to boiling, and a  boiling solution o f barium  

chloride is added.
L e ttin g  th e solution stand for one-half hour in a warm place, 

bu t not boiling it  further, all the sulphur w ill be precipitated  

as barium sulphate, w hich can then be readily filtered and  

washed.

T h e  w eight of the barium sulphate tim es 0 .13 7 3 4 ' s equivalent 

to  the w eight of sulphur in the sample.

U sin g an  iron crucible does not appreciably increase the  

figures obtained, as the sulphur taken up from th e iron am ounts, 

a t the outside, to to 2/ i00 of 1 per cent.

If great accuracy, however, is required, a  silver crucible can  

be used, or a  nickel crucible.

I t  is self understood o f course, th a t all the reagents m ust 

be tested for a  possible presence of sulphur before th e y are used  

in this m ethod. G u s t a v  T h u r n a u e r .
L a b o r a t o r y  o f  t h e  

A u r o r a  M e t a l  C o .,

A c r o r a . III .

T H E  W A T E R  OF T H E  C O L U M B IA  AN D  W IL L A M E T T E  

R IV E R S .

In  the course of some soil investigations w hich are being  

carried ou t a t  this Station  we h ave had occasion to  collect
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for analysis m on th ly sam ples throughout the year from the  

Colu m bia and W illam ette rivers. A s the com position of these  

w aters has not been recorded so far as know n b y  us, the follow ing  

analyses m ade b y  Mr. B . Pilkington of this departm ent m a y be 

o f interest.

T h e  W illam ette sam ple was collected a t Corvallis J u ly  iS, 

1909; the Colum bia w ater w as taken A u gu st 6, 1909, a t M ayger, 

Oregon, a  point about fifty  miles ab ove the river’s m outh. 

T h e  W illam ette a t the tim e of sam pling stood 1.7 feet, and the  

C olum bia 9.1 feet ab ove low  w ater.

Columbia. W illamette.

Parts per Per cent, of Parts per Per cent, of
million. total solids. million. total solids.

co3.......... . . .  16.4 31.66 1.1 3 .0 8
so*....... 5 .5 10.62 4 .7 13.13
Cl ........ 10.62 4 .4 12.29
BO*........ 0.15 0 .08 0 .22
Ca................ 8 .7 16.80 3 .8 10.61
Mg............... 2 .5 4 .83 1 .0 2 .7 9

7.72 4 .9 13.69
K .......... 4 .1 7.91 2 .8 7.82
NH<............. 0 .42 0.81 0 .52 1.45
SiC>2............. 2 .4 4 .63 12.1 33 .80
A120 3
Fe203........... 2 .2 4 .25 0 .4 1.12

Total___ . . .  51 .8 100.00 3 5 .8 100.00

T h e  Colum bia w ater is seen to  be re la tive ly  rich in carbonate  

o f lime obtained no d oubt from its  upper course where lime  

form ations are found. T h e soil of the W illam ette V alley, on 

the other hand, contains o n ly traces of carbonates, w hich is 

reflected in the low  content o f carbonates in th e W illam ette  

w ater. T h e tributaries of the W illam ette are generally high  

in silica. T h e  am m onium  in the sam ples w as calculated from  

the value for total nitrogen. C. E . B r a d l e y .
A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n ,

C o r v a l l i s .  O r e g o n .

B O O K  REVIEW S AND NOTICES.

Reports o f the Chem ical Laboratory of the Am erican Medical 

Association. Vol. 1. From  its establishm ent to Jan. 1, 
1909. V ol. 2, Jan? to Dec. 1909.

R eprint of the R eports of the Council on P h arm acy and Chem istry  

of the Am erican M edical Association w ith  the com m ents 

th a t appeared in T h e  J o u r n a l  during 1 90 5 - 8 , V ol. 1 , 
and 1 9 0 9 , Vol. 2 . Published b y  T h e  A m e r ic a n  M e d ic a l  
A s s o c ia t io n .

In  no other coun try are there more drugs and medicines 

consumed per capita than this. Also nowhere else has the sale 

of patent medicines and proprietaries assumed such trem endous  

proportions, resulting largely from the extra vaga n t claims. 

In  order to protect the public as well as the m edical practitioner 

from this avalanche of medicines, the Am erican M edical Associa

tion appointed in 1906 a  com m ittee known as the Council of 

M edicine and Ph arm acy, aided b y  its  chem ical laboratory of  

w hich Prof. Puckner is the director. T h e  d u ty  of this com m ittee  

is to exam ine all remedies a p p lyin g for recognition before the  

m edical profession, rejecting such as m ake fraudulent claim s as  

to  origin, unw arranted or m isleading therapeutic claims, secrecy  

as to com position, or objectionable advertising, etc.

T h e R eports of the Chem ical L aboratory, serve to  give  in  

concise form, the various m ethods em ployed in the analysis  

of the preparations subm itted. These afford m uch valuable  

inform ation to the general an alyst not obtainable elsewhere. 

T h e  R eports of the Council represent the results of the scientific  

in vestigations including all clinical and pharm acologic d ata  as  

w ell as com m ents. Am ong these, the reports on M edicinal

Foods, D iastase Ferm ents, F orm aldeh yd  D erivatives (Vol. I),

. Isopral and Brom ural, show  an im m ense am ount o f painstaking  

labor on th e part of the chem ist and pharm acologist. In  this  

connection atten tio n  is called to the “ N ew  and N on-O fficial 

Rem edies,”  a  volum e of 256 p. w hich gives descriptions and  

tests of all remedies recognized up to  June 1, ’ 10.

T o  give  the reader an in sigh t into the kind and v a rie ty  of 

w ork accom plished, a  few  instances m a y be cited. A n exam ple  

of a m isleading label is “ T y re e's  A n tiseptic P o w d er”  w hich  

states it  to contain, borax, alum , phenol, glycerol, thym ol, 

eucalyptol, gaultheria and m entha (?), w as found to  consist 

essentially o f zinc sulfate and boric acid w ith  traces o f phenol. 

Thialion a  “  sodio-trilithic an h yd ro su lp h ate" of form ula  

3Li5O .N aO .SO 3.7H O  w as found to  consist of a  m ixture o f sodium  

sulphate and citrate w ith  sm all q u a n tity  of lithium  citrate. 

T h e  need of an invasion into the field of galenicals, is illustrated  

b y  the results of an exam ination of unofficial non-alcoholic fluid  

extra cts  of H yd rastis (Golden Seal). Preparations of this drug  

are exten sively used, and the selling price varies betw een S1.25  

and $4.50 per pound, although all are claim ed to be o f same 

strength. A ssays dem onstrated the yield  to be between 0.58 

and 1.79 gram s of h ydrastin per 100 cc., while the Pharm acopoeia  

standard dem ands 2 gram s alkaloid per 100 cc. W orth careful 

stu d y are the m ethods recom m ended for assay o f Phenol, 

H exam eth ylene Tetram ine, Castor Oil in Pow der form, Croton  

in Castor Oil, M ercury and Iodin in M ayer’s R eagent, Pepsin  

and B ism uth  Preparations, etc. (Lab. Reports).

W e note the m elting point of urotropin is given  a t  194.200°. 

O n page 35, Vol. 2, L abo ratory Reports, w e note th a t the  

presence of bism uth sulphid is based on the conclusion th a t  

hydrogen sulphid is given off upon the addition of h yd ro

chloric acid to a  m ixture containing bism uth sulphonate, zinc  

oxid, etc., the operator not h avin g noted the presence of ul

tramarine blue added as color corrigent. Under M edicinal 

F ood s (Peptonoids, Predigested Beefs, Panopeptone, etc.), 

none are approved th a t contain less nutritive value than milk, 

and a t least 1/4  of the value shall reside in the nitrogenous 

m atter. Such legitim ate pharm aceuticals as Taka-D iastase, 

M altzym e, H oladin, etc., com e in for their share o f criticism  in 

th a t grossly exaggerated claim s are m ade, further th a t “ to be 

of value, statem ents regarding the digestive power of diastase  

should be based on standard and uniform m ethods of testin g.”  

T h e  Council has adopted m ethods of its  ow n against the vigorous 

protests of some of our largest m anufacturers in this line. In  

ad optin g standard m ethods, it  w ould be no more than ju st and  

reasonable, th a t m anufacturers w ho h ave d evoted their entire 

tim e to the stu d y of such products be consulted and their m ethods 

given  a fair trial. I t  is through such cooperation and study, 

th a t a  un iform ity of m ethods is secured in conjunction w ith  

the good w ill of firms whose in tegrity  and experience is beyond  

question.

W e m ust realize th a t errors of judgm ent and experim ent are 

possible under all conditions, and w here a  p olicy of " c o n tr o l”  

is to  be exercised b y  a  b o d y of an alysts and clinicians, the 

greatest care should be exercised in  form ulating standards. 

A n alysts  m a y differ and clinicians usually differ, since thera

peutics is  not as y e t an e xa ct science. T h e  judgm en t of those 

whose field lies w ithin a special line should never be ignored.

N o th in g is  gained b y  a  “ ham m er and to n gs”  policy (perhaps 

necessary in p aten t m edicine line), w hen applied tow ards legiti
m ate m anufacturers, th e y  are am enable to reason, bu t once 

antagonized, their united opposition m a y som etim e overthrow  

all the good th a t has been and w ill be accom plished b y  the  

Council. V . CoBLENTZ.

F ungus Diseases of Plants. B y  B e n ja m in  M in g e  D u g g a r .

C loth. 8vo. X I I  +  508 pp. 111. Boston, G in n  &  Co. 1909.

T h is book is based principally upon the in vestigatio ns of the
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past th irty  years on the fungus diseases of plants and it  is the 

on ly w ork of Am erican origin available to the student on the  

subject. In plan and execution the w ork is excellent. T h e  

contribution of chem ists to the su bject lies principally in the  

m ethods of disease control b y  the use of fungicides. I t  would  

appear th a t there is an im m ense field here for the investigator. 

A t present the use of fungicides is based entirely upon empirical 

knowledge, and it is pro bably true th at it  is based largely upon  

inform ation accid en tly  acquired. S ystem atic investigation on 

the m an y possible fungicides is b u t beginning. I t  goes w ithout  

saying th a t the w ork w ill be found o f value to m ycologists and  

it  would also prove of value to the chem ist w orking in this field. 

Th e book is w ell bound, printed and illustrated and typographical 

errors are few.

Th e U n iversity, of Illinois, Engineering E xperim ent Station, 

has ju st issued three bulletins of great interest to students and  

users o f fuel. Bull. 37, U n it Coal and the Com position of 

Coal Ash, b y  S. W . Parr and W . F . W heeler; Bull. 38, T h e  

W eathering of Coal (series of 1909) S. W . Parr and W. F . W licelcr; 

Bull. 39, T e sts  of W ashed G rades o f Illinois Coal, b y  C. S. 

M cG o vn ey. T h e titles of these bulletins indicate the ground  

covered and the reputations of the authors will speak for the 

qu a lity  of the contents.

From  the U n ive rsity  of W isconsin comes Bull. 346, on the  

subject of A lloys of N ickel and Copper w ith  E lectro lytic  Iron, 

b y  Chas. F . Burgess and Jas. Ashton. T h is  is a  valuable con

tribution to  the literature on bin ary alloys of iron w ith  the  

com m on m etals— a  fruitful field for the student, w hich has not 

received as m uch atten tio n  as it  deserves.

D ust Preventives and R oad Binders. B y  P r e v o s t  H u b b a r d ,
N ew  Y ork, W iley &  Sons, O c ta v o  vi +  416 pps. illustr. $3.00

net.

Alth ough  a t  first th o u gh t it  would seem to one w ho has been 

connected w ith  the construction o f h igh w ays for m an y years  

th a t the present is h ard ly the tim e to w rite a  book on the sub

je ct w hich Mr. H ubbard  has selected, in view  of the fa c t th at  

i t  is still in a  h igh ly experim ental and transitional state, the  

author has assem bled in a  very satisfactory w a y  m an y data, 

some original w ith  him  and more taken from the publications  

of others, in  regard to various m aterials em ployed a t the present 

tim e as dust preventives and road binders and as to their prep

aration and use, all of w hich w ill prove of great value for 

reference to m a n y engineers and public officials w ho are con

structing and endeavoring to im prove the character of our 

highw ays. H e has also presented some of the conclusions 

bearing on the application of these m aterials, w hich h ave been  

arrived a t in the Office o f P u b lic  R oad s of the U nited States  

D epartm ent of A griculture during recent years which, although  

m an y of them  availab le in the bulletins of th at office, are ju sti

fiab ly republished for general use. Mr. H u bb ard ’s chapter on 

" T h e  E xam in atio n  of B itum inous R oad  M aterials and In ter

pretation of R esults”  will be acceptable to the numerous chem ists 

w ho are tak in g up such w ork for the first tim e, as is now fre

q u e n tly  the case, and will prove of interest to the more expert  

operators.
W here the author advances opinions as to the m erits of 

various m aterials, he h ard ly seems justified in all his statem ents  

in  view  o f the fa ct th a t service tests, from w hich the on ly satis

fa cto ry  conclusions can be draw'n, h ave not extended over a  

sufficiently long period to  lead to  an yth in g definite. U n 

d ou b ted ly m an y of the statem ents in vo lvin g mere opinion, 

w hich the book contains, w ill necessarily require m odification  

in the future, bu t as a  w hole the book has a  present usefulness 

w hich com m ends it.
Mr. H ubbard  has w isely avoided the use of trade names and

in m ost respects, has handled liis subject im partially and w ith a  

scientific spirit. T h e  style  in w hich the book is w ritten is e x 

cellent and it  w ill un doubtedly h ave the large circulation w hich  

it  deserves. C l if f o r d  R ic h a r d s o n .

R E C E N T  INVENTIONS.

The following patents relating to Industrial and Engineering Chemis
try are reported by C. L. Parker, Solicitor of Chemical Patents, McGill 
Building °08 G  St., N. W „ W ashington, D. C.

Only a few patents which are deemed of greatest importance are ab
stracted in this department.

Abstracts of all patents appear regularly in Chemical Abstracts, to  
which publication the reader is referred.

954,080. Process of Producing H ydrocyanic Acid. O. D ie f -
f e n b a c h  a n d  W . M o l d e n h a u e r , D arm stadt, G erm any,

A pril 5, 1910.

I t  is  w ell know n th a t hyd rocyanic acid can be produced b y  

passing a  m ixture of nitrogen and hydrogen over h igh ly heated  

carbon, and recent experim ents have, moreover, dem onstrated  

th a t a  proportional yield  as high as 35 per cent, can be ob

tained a t  tem peratures o f ab ou t 35000° C.
F or the industrial application of this process a  cheap and  

sim ple m ethod o f producing the necessary nitrogen-hydrogen  

m ixture is of im portance. Since the production of pure nitrogen  

and hydrogen, b y  w h atever m ethod attained, invo lves con

siderable expense, the question arises w hether the m ixtures of 

the same w ith carbon m onoxide or carbon dioxide, w hich can  

be cheaply and easily produced com m ercially, are suitable for 

the purpose in  view . From  the theoretical standpoint, it  

w ould appear th at the possibility of so ap p lying these m ixtures

V
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is very small, for since hydrocyanic acid  a t high tem peratures 

is  capable o f reacting w ith carbon m onoxide, according to the 

equation:

2IIC N  +  C O  =  H 20  4 - N , +  3C, 

it  m ight certainly be expected th a t i t  would not be formed at all 

in the presence of carbon m onoxide or th a t it  w ould be de

stroyed b y  the latter im m ediately upon its  formation. W hen  

it  is found that this view  is contradicted b y  experim ent, the  

o n ly explanation possible is th a t the ra p id ity of the ab ove re

action is not sufficiently great w hen, under suitable experi

m ental conditions, the gas-m ixture is  subjected to rapid cooling, 

as to perm it of the decom position o f large quantities of the 

h yd rocyanic acid new ly produced. If, for instance, the m ixture  

know n as Dow son gas, w hich consists chiefly of hydrogen, 

carbon m onoxide, nitrogen and a  little carbon dioxide, is led  

over carbon which-— b y  an y suitable means— is m aintained a t a  

very high tem perature, more or less considerable quantities of 

hyd rocyanic acid can be detected in the gases rapid ly aspirated  

from the furnace, according to the degree of tem perature a t  

which the process is conducted.

T h e  hyd rocyanic acid thus produced can be em ployed for the 

production of other cyanogen com pounds, or m a y be trans

form ed into am m onium  sulphate b y  passing i t  through con

centrated sulphuric acid. T h e  hydrogen and nitrogen which  

h ave not undergone transform ation into h ydrocyanic acid to

gether w ith  the carbon m onoxide m ixed therewith m ay, after 

the rem oval of the acid, be again passed over incandescent 

carbon for the purpose of obtaining a  further yield of hydro

cya n ic  acid, or- th e y m a y  be applied to heating purposes.

T h e accom panying illustration shows an apparatus used b y  

the patentees in practicing their process.

954,827. E lectric Induction Furnace. C. W. S o d e r b e r g , Ski,
near Christiania, N orw ay, A pril 12, 1910.

An electric induction furnace theoretically consists of a  trans

former w ith short circuit in its secondary coils, the latter m ostly  

consists of one or more liquid m etal baths, which replace the 

coils, the ohm ic resistance of w hich is so adjusted, th a t a  middle 

load is obtained. I t  is im portant, in order to obtain a  minimum  

leakage of the power lines, th at the disc transformers have the

coils so distributed, th a t the whole num ber of am pere-turns is 

not concentrated to  one coil.

T h e  object of this invention is to proride an induction furnace  

of the disc-transform er type, in w hich this electrical feature  

as w ell as m eans for facilitatin g the m etallurgical operations 
are embodied.

In  this furnace the prim ary w indings are distributed on four 

coils as a 1, a2 enclosing both of the vertical parts b1, b2 of the iron 

core. T h e  secondary arm ature consists of a  m etal bath, to1, 

m2 contained in a hearth m arranged between the prim ary coils 

and form ed w ith an interm ediate portion, and tw o semi-annular 

channels e1, e2, w hich together w ith  the interm ediate portion  

enclose both of the vertical pieces of the iron core. B y  arrange

m ent of four coils the leakage of the power lines is cu t down to 

ab ou t one-fourth of w h at it  would otherwise h ave been under 

similar circumstances.

T h e  lower prim ary coils are cooled b y  currents of air which  

pass through channels d1, d2 in  the foundation of the furnace  

w hich m ay be of m asonry or a n y  suitable m aterial as the effect 

of the in tensity of the current is proportional to its  square; the 

above-m entioned cooling dim inishes the resistance and the 

in tensity of current is increased. T h e  efficiency of the furnace  

per unit of tim e thus increases, an ad vantage w hich is the more 

im portant in this construction, because the coils enclose both  

of the vertical legs of the transformers.

In  order to facilitate the m etallurgical operations, w hich are 

rendered difficult on account of the prim ary coil covering part 

of the m etal bath, the extended parts of the baths are situated  

outside of the current carrying parts of the bath and not covered  

b y  prim ary coils. Such channels h ave been used in some prior 

constructions, b u t never in furnaces of the disc-transform er 

ty p e  for the above-m entioned purposes o f providing working  

space, the m etallurgical operations, the feed, and the treatm ent  

of the slag are facilitated and repairs m ay be easily m ade w ith 

out rem oving a n y  part o f the prim ary coils of the furnace.

956,381. Process for Treating Ores. A . A . I .o c r w o o d  a n d

M . R . A . S a m u e l , London, E nglan d , A p ril 26, 1910.

Th is invention relates to the treatm ent o f such sulphide ores, 

tailings, m iddlings, or concentrates, as are difficult to separate  

in to  their constituents ow ing to their physical form ation. T h is  

difficulty is usually caused b y  the pseudomorph form ation of 

the ore; this is the case for exam ple in com plex lead and zinc  

ores such as Broken H ill ores.

According to this invention crushed ores, under w hich term  

it  is intended to include tailings, m iddlings or concentrates, are 

subjected to a  prelim inary treatm ent of agitation w ith  a reagent 

or reagents in such a manner th a t the incrustations are suffi

cien tly attacked  to free the m etallic particles so th a t th e y can be  

classified b y  a n y  known means. In  some cases im proved re

sults m a y  be obtained b y  first h eatin g the ore or the like to a  

tem perature preferably ju st below th a t o f desulphurization. 

As reagents there are em ployed solutions of substances such as  

caustic alkali or sodium or potassium  silicate w hich m ay be used  

either separately or in succession or in com bination according  

to the ore to be treated. T h e q u a n tity  of the reagent and w ater  

necessary and the length of tim e required for the treatm ent w ill 

differ more or less according to the ore to  be treated, i t  should  

be such th a t the incrustations are loosened while the m etals re
main undissolved.

A s a com parative exam ple of the treatm ent, a parcel of tw o  

tons of Broken H ill proprietary ore of a  ve ry com plex form ation  

w as taken and crushed to about 40 mesh to the linear inch. 

2,240 lbs. of this w as treated w ith  a  solution containing about  

5 per cent, of caustic soda and 1 per cent, of silicate of soda in  

the proportion of 25 lbs. of the solution to each 100 lbs. of ore. 
A fter a g itatin g  for about 30 m inutes the pulp w as fed onto  

sizing screens and thence passed to a  vanning table. T h e  re

sult of this treatm ent w as as follows, the scale of the mesh to the  

linear inch being 60 and 80— 10 3 '/, lbs. of coarse (plus 60) 

galena (dried), 172 lbs. of fine (plus 80 and m inus 80) galena  

and 431/ ,  lbs. of zinc lead m iddlings from the coarse and 3 6 1/2 
lbs. m iddlings from fine. T h e assay value of the galena w as  

76.8 per cent, lead with 3.9 per cent, zinc and the m iddlings
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contained free galena and free blende. The- rem aining 2240 

lbs. of tlie ore w as treated in  the same m anner including the  

agitation for 30 m inutes w ith  w ater bu t w ithout the addition  

of caustic or silicate. T h e result w as 88 lbs. of coarse- (plus 60) 

galena, 134 lbs', of fine (plus 80 and m inus 80) galena and 130 

lbs. of zinc lead m iddlings from the coarse and 68 lbs. m iddling  

from the fine. T h e  assay value of the galena w as 72 per cent, 

lead w ith 6.5 per cent, zinc, while the m iddlings appeared to be 

quite inseparable and further crushing w ould h ave been re

quired to free the m etallic particles from one another.

I t  is quite obviou s th a t the treatm ent m a y  be applied as in  

the exam ple to the ore in  bu lk or the m etallic particles m a y be 

concentrated b y  an oil or similar selective process and then  

treated*and classified or of course the crushed ore m ay be taken  

and passed over the table before treatm ent ge ttin g  as m uch

large line of m iddlings containing the incrusted particles. T h e  

m iddlings are then treated as before described and passed over a  

table or otherwise classified. T h e  particular m ethod of treat

m ent to be adopted w ill easily be found b y  the aid of a  few  

experim ents, w hich w ill show» w hether it  is more profitable to  

treat the whole first, or to treat the m iddlings or the concen

trates or tailings, together or separately.

In  dealing w ith orfes for treatm ent, a  few  tests w ill be necessary  

to ascertain the degree o f fineness to  w hich th e y should be 

crushed before treatm ent and this will v a ry  w ith  the form ation  

of the ore and m a y also be varied to suit the particular m ethod  

of concentration to be em ployed, bu t speaking generally the ore 

should be le ft as coarsely crushed as possible and this for tw o  

reasons, viz.: in order to  reduce the am ount of slimes formed  

and because of the decreasing ad van tage of such a treatm ent, 

for it  w ill be obvious th a t w ith  a  pulverized ore the incrusta

tions w ill no longer be present and the more finely the ore is 

crushed the more the incrustations w ill be broken down and the 

less need there will be for the treatm ent e xcept when over

com ing or preventing the acquired tendency of particles to adhere 

together when the ore is treated w ith  oils or the like.

T h e  accom panying illustration shows the apparatus em 

ployed in practicing the process in this illustration.
In  the draw ing A  is a vessel provided w ith  an agitator a.
B is a  sizing screen, B '  a second and finer screen inclined in  

opposite direction to the first. T h e  com bined screens are 

d irectly connected to the piston of a reciprocating engine b.
b’ , b2 are delivery spouts.
T h e  coarse^and the finer ore is treated on a  vanning tab le

a t different times. A s  shown the finer ore is delivered onto a 

vanning table.

C  is a  vanning table supported 011 springs c and reciprocated  

b y  m eans of an eccentric c'.
c2 indicates m eans for supplying w ater to  the tab le and c 8 

indicates a chute into which the heavier parts fall.

956,184. Process for Obtaining Sulfrous Acid from  Acid  

Sludge. G . S c h il d h a u s  a n d  Co n d r e a , C ap ina, Roum ania, 

A pril 26, 1910.

I t  has now  been found th a t acid tar m a y be distilled w ith  

good results b y  introducing heated air into the retort during  

distillation and thereby oxidizing the sulphur and its com 

pounds. In  this manner three products are obtained from the 

tar: (1) A  m ixture of gases m ain ly consisting of sulphurous

acid, nitrogen and air and containing small quantities of carbonic  

acid and gaseous hydrocarbons. (2) L iqu id  hydrocarbons. 

(3) Coke. T h e  tar is preferably vaporized a t a com paratively  

low  tem perature of between 250 and 350 ° C. and the air in

troduced into the retort is preferably heated to the same tem 

perature. T h e  acid tar is run into the retort in a thin stream. 

T h e  coke rem aining in the retort is porous and brittle and is  

continuously evacuated  b y  a  m echanical device and trans

ported to a  closed cham ber. T h e  gases th a t issue from the  

retort are conducted through a  cooler to condense the liquid  

hydrocarbons, and are then washed first b y  means of h e a v y  

hydrocarbon oil and finally b y  m eans o f concentrated sulfric 

acid to rem ove the gaseous hydrocarbons and the last traces 

of the vapors of liquid hydrocarbons.

T h e  illustration shows a  diagram m atic side-view  of the ap

paratus for carrying ou t the process.

T h e  process is as follows: T h e  tar is introduced in a thin  

stream into the retort 1 from the m ontejus 2 through the pipe  

3, vessel 4 b y  m eans of the h eating coil 6. In the retort 1 the  

tar is vaporized, preferably a t a  com p aratively low  tem perature  

of between 250 and 3 50 ° C. T h e  air is preferably heated to  

the same tem perature b y  m eans of the h eating coil 7 and is  

introduced into the retort 1 through pipe 8. T h e  coke re

m aining in the retort is porous and brittle, and is  continuously  

e vacu a ted  b y  the feeding screw 9 through the pipe 10 into the 

closed cham ber 11. T h e  gases issuing from the retort ijfare  

conducted through the pipe 12 and cooling coil 13 w hich lies

w ithin  the condenser 14. T h e  larger part o f the liquid h ydro

carbons is condensed in the cooler and fed through pipe 15  

in to  the vessel 16. T h e  gases escaping from the vessel 16 are 

fed through pipe 17 in to  the scrubbcr 18 in w hich th e y are 

w ashed b y  means of h ea vy hydrocarbon oil w hich is run con

tinuously from the vessel 19, through the pipe 20, through the  

scrubber 18 and the pipe 21 into the vessel 22 and back to the  

vessel 19, through the pipe 23. T h e  washed gases escape from  

the scrubber 18 through the pipe 24 and enter the scrubber 25, 

where th e y are w ashed w ith sulphuric acid  w hich is contained  

in the vessel 26 and flows through the pipe 27 into the scrubber 

25, pipe 28 to  vessel 29 and pipe 30 to the m ontejus 31 where- 

from it  is fed back through the pipe 32 into the vessel 26. B y  

w ashing the gases w ith h e a v y  hydrocarbon in the scrubber 18
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and afterw ard w ith  sulphuric a d d  in the scrubber 25 th e y are 

freed from the last traces of the gaseous hydrocarbons. T h e  

purified gases consist in their essential part of sulphurous acid 

w hich escapes through the pipe 33, and th e y are then collected  

and m ay be utilized for know n purposes, particularly for the  

production of sulphuric acid.

956,019. Process of M anufacturing Gas. A d o l p h  Z in d l ER,
N ew  Y o rk, N . Y .,  April 26, 1910.

In  the d ry distillation of shales, peat, w ood and all bitum inous 

m atter b y  the continuous process, i t  is usual to take the gases, 

b y  suction, from the different parts of the furnaces or retorts, 

b u t to conduct them  collectively through one main to the cool

ing and purifyin g apparatus. In  the gas-m ain the h ot gases are 

m ixed w ith  com paratively cold gases, and it is well known th at  

th e latter are decomposed and deteriorated b y  the former.

I t  is the ob ject of this invention to prevent this deterioration.

T h e  invention will be described in connection w ith the accom 

p an yin g drawings.

T h e  apparatus consists of a retort R  provided w ith a  filling  

hopper F  and a  discharge chute A. T h e  retort R  m ay be of 

a n y  suitable construction, and m ay be a device of a n y  suitable  

ty p e  other than th a t shown. T h is retort is heated externally  

b y  means of a  furnace B . T h e fuel placed in the retort will as 

the gas is distilled pass dow nw ardly and through the discharge 

ch u te  A . T h is discharge chute is shown in dotted lines and  

m a y extend  laterally and dow nw ardly outside of the furnace 

so th a t the distilled fuel m ay be raked out. T h e gas as generated  

is draw n from the retort b y  means of a plurality of conduits or 

pipes a, b. These conduits connect w ith  the retort a t the  

upper and lower zones of different temperatures, th a t is, the 

lower zone is at a higher tem perature than the upper zone. 

In the specific em bodim ent shown these zones of different 

tem peratures are shown as upper and lower zones respectively. 

I t  is to  be understood, however, th a t this invehtion is not 

lim ited to this specific em bodim ent, since an y construction in 

w hich conduits connect w ith  zones of different tem peratures 

com es w ithin the scope of this invention.

T h e  gases derived from the different zones are independently  

passed through apparatuses K °  K 6, w hich separately treat the  

gases. These apparatuses m ay be of a n y  suitable form and m ay  

treat the gas in an y suitable manner. In  the specific con

struction shown these apparatuses are each com posed of coolers 

and scrubbers. T h e  gases as th e y  issue from these treating  

apparatuses m ay be utilized in a n y  suitable manner. T h ey  

m a y be k ep t apart an d  discharged into separate reservoirs'or

holders, or th e y m a y be m ixed and discharged into a  com m on  

holder. I11 the specific embodim ent shown, the gases issuing  

from the treating apparatuses through the conduits or pipes 

a', b', m ay discharge into a com m on main c, and hence m a y  be 

utilized or discharged into a com m on holder.

T h e  gases derived from zones of different tem peratures in the  

retort are conducted a w a y separately and treated separately  

before th e y  are utilized or before th e y are m ixed, where such  

m ixture takes place. T h e decom position of the cold gases b y  

the hot gases is  thus prevented. In  this w a y  the distillation  

of the tar regained from the colder derived from the zone of 

low est tem perature and the splitting up of this tar is prevented. 

In  prior m ethods where the gases derived from zones of different 

tem peratures— the tar, etc., from the separate gases w hich are 

of different qualities are m ixed, thus necessitating fractional 

distillation to separate these different qualities. B y  separately  

treating the gases derived from th e different zones, it  is possible 

to obtain tar, etc., of different qualities, and therefore special 

and fractional distillation of the tar, etc., is  obviated.
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1 2 - 1 0

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 and  DISHES 
A N O D E S  and  C A T H O D E S 
WIRE SH E E T  and  FOIL

P L A T I N U M  IN S P E C I A L  
FORMS MADE TO DRAWING

Scrap purchased or exchanged  
Write for Catalogue.

BAKER & CO., I n c .
4 0 8 -4 1 4  N. J. R. R. Ave., 

NEWARK, N. J.
N. Y. OFFICE 30 CHURCH ST.
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Let MERCK 
Make the 

“ Blank” Test 
For You

To that end, buy

MERCK’S BLUE LABEL REAGENTS

M E R C K  &  C O .
NEW YORK 
ST. LOUIS 
RAHW AY, N. J.

IN CARBOYS AND BOTTLES

J. T. Baker Chemical Company,
PHILLIPSBURG, N .J .

“Baker’s Analyzed” 

C .  P. Acids and Ammonia
on  account of their uniform strength and  high d e 
gree  of purity, exactly m ee t  the careful chemist 's 
n ee d  of high quality acids and am m onia.

If you a re  n o t  satisfied with th e  acid you are  
now using SPE C IFY  “BAKER’S  ANALYZED” on 
your nex t o rd e r—it’s bound to p lease you. O ur 
careful ana lyses gu a ran tee  th e  purity.


