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RECOVERY. At various times during the

economic depression, a longing has been ex-
pressed for some discovery by science or an invention
that might be the basis of a great new industry. Such
things have been credited with forcing the business
curve upward in the past, and there was reason to be-
lieve that, if something good enough could be found,
history might repeat itself.

Of the various new things, air-conditioning appears
o come nearest meeting such a specification. A few
hotels this summer are offering a limited number of air-
conditioned rooms on a basis somewhat experimental;
business is more attracted to air-conditioned restau-
rants than to others without such modern improve-
ments; the railways which offer the more quiet, cleaner,
and cooler cars take precedence over those which have
not seen fit to invest in this new equipment. ‘‘Air-
cooled” is the headliner in many a theatre. Even the
householder is beginning to look at air-conditioning as
1S cost is constantly lowered.

Now comes a really significant announcement. The
Carrier-Brunswick International, Inc., a division of
Qarder Engineering Corporation, pioneer in the field of
air-conditioning, has a contract to air-condition the
famous Robinson mine in the Rand near J ohannesburg.
The Rand produces about half the world’s gold with
th_e amount definitely limited by conditions in the deep
Inines, some of which already extend to 8000 feet below
Fhe surface. Here temperatures from 100° to 120° F.,
Combined with a humidity from 90 to 100 per cent,
deﬁnitely limit operation, and while there is reason to
believe that the richest deposits of gold lie at still
greater depths, it has been humanly impossible to
work them.

The plan is to force dry, cold air, traveling at a rate
of approximately 30 miles an hour, to the lowest parts
of the mine. This will cool and dehumidify, as well as
lhqroughly ventilate, these remote depths where men
strive for the precious metal. This first installation of
the Robinson mine must be regarded as something of an
eXperiment on which a half million dollars is being
risked, but the chances for success are large and the
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return on the operation promises to be most gratify-
ing. There are doubtless other instances where air-
conditioning will allow further production of gold.
We are told that in Nevada, for example, some mining
operations were abandoned because of working con-
ditions in the mines, even though not so deep as those
in the Rand, rather than because of lack of ore.

A great increase in the production of gold, according
to the economists, would support amply any possible
trade revival, enable the world to return to the gold
standard, greatly restore confidence, and cause com-
modity prices to rise. In fact, it would quickly change
the present world economic situation and multiply the
number of those who can smile.

We wish all success to this bold engineering feat. It
has frequently been said that, of all factors, science is
the most likely to help find a way out of the slump, now
in its fifth year. It would seem that science may make
good this prediction.

.
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prosperity is the increasing number of resigna-

tions in the Patent Office, particularly among the
junior examiners. Of. the sixty-five divisions, about
eight are devoted to chemistry, and another four are
known as process divisions. Inquiry discloses that not
only are these chemical divisions among the most
active, as judged by the number of cases appearing for
examination, but also if rated by the loss of their ex-
aminers. Places thus vacated may be filled from new
appointments or by transfers from the less active
divisions. In either case the risk is run of replacing
an experienced man with one less capable. Mistakes
may result and their cost to industry is beyond esti-
mate.

Why not make the service attractive as a career to
even the best examiners? In this connection one would
do well to consider the position of the nearly three hun-
dred junior examiners now in Washington. A petition,
signed by a group representing approximately all of these
men, was printed in the Journal of the Patent Office Society

PATENT EXAMINERS. One sign of returning
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last spring. From this we learn that, in several cases,
men after five years’ service are receiving slightly. less
than when they entered the department. Thishasbeen
due to various deductions because of economy measures,
and there has been a lack of promotions which are
normally given men for efficient service. When this
petition was written there were 123 examiners, base pay
$2000, actually receiving $1630 annually; 58, with a
base pay of $2100, were getting $1710; another 53 of the
$2200 class were getting $1790; 17, with base pay
$2300, were getting $1880; and 23, with base pay
$2400, were actually receiving but $1960. This situa-
tion has improved somewhat with the restoration of
part of the pay cuts.

Now these men are trained. More than 90 per cent
of them have technical degrees, have had technical and
office experience, have studied law, and many have been
admitted to the bar. It is not to be expected that
capable men will long submit to such conditions, and
industry is not slow to take advantage of the situation,
offering equal security in position, better remuneration,
and greater opportunities for advancement.

But is this the best thing for industry? It seems to
us that the men who know and who, through knowing,
avoid errors expensive to business should be retained
in these important places. The Patent Office should be
~not merely a training ground, not just a means to an

end. It should be attractive as a career, and the
steps necessary to make such a career something eagerly
sought after should be taken without delay.

-
e o

Among the bills which failed of enactment in

the recent Congress was the one variously known
as the Tugwell or the Copeland, designed to strengthen
the position of those who, as federal officials, would
protect the consuming public in the matter of food,
drugs, and cosmetics. The bill went through a number
of changes, but now that a new, effort will be made, we
urge thorough study, and particularly a united front,
on the part of those representing the legitimate manu-
facturing industry. The public desires and deserves
more complete protection against the quack, the un-
scrupulous manufacturer, and the conscienceless dealer.
Some abuses cannot be prevented under present laws
and a new bill undoubtedly will be introduced in the
next session of Congress to better the situation. But
the legislation to be enacted should be fair, reasonable,
and enforceable with justice.

A number of objectionable features were included
in the last draft. Many of these could be easily cor-
rected and still achieve the ends sought. For example,
under the bill a drug would be deemed to have been
adulterated if it failed to meet the definition, manu-
facturing formula, and description set forth in an offi-
cial compendium such as the U. S. Pharmacopeia.

PURE FOOD, DRUGS, AND COSMETICS.
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The procedures or manufacturing formulas in the
Pharmacopeia have been worked out for the guidance
of the individual pharmacist who, in making small lots,
obviously proceeds in a manner cuite different from that
employed by the manufacturer. The latter, though
he may nol follow the official formula, nevertheless
produces a standard and approved product. Further,
a drug is also considered adulterated if mixed or packed
with any substance so as to reduce its quality or
strength, and yet it is well known that many vegetable
drugs naturally contain active principles in excess of
the amount named in the Pharmacopeia and they
must be reduced to a recognized standard strength,
which has been officially set, if they are to be used sat-
isfactorily by the physician.

The bill in its latest form also contained a number of
terms new to legislation and not adequately defined.
The word “disease” is an example, and if you will con-
sult the 11th revised edition of Steadman’s Medical
Dictionary you will find six general definitions and
fifty-five special definitions of “disease.”” Other words
not specifically defined were used in the bill which, as
can easily be foreseen, would have made a great holi-
day for the legal profession. The language was also
so broad as virtually to require a manufacturer to open
his plant to the inspection of a representative of the
Department of Agriculture, who might thereby dis-
cover the secrets of manufacturing processes and the
details of specially devised equipment, with no guaran-
tee whatever that this information would remain con-
fidential. Experience in other fields, as for example,
industrial alcohol, has shown that unfortunately in-
spectors in the past have not been above capitalizing
such special information. Again, the Secretary of
Agriculture would have it in his power to close down a
greal plant if there were differences of opinion as Lo the
method of manufacturing or labeling a single product
of the plant. He might likewise prohibit interstale
commerce in entirely acceptable products if only one
item in a long list of manufactures was in dispute.

Of course the effort of special interests left imprints
upon the bill, one amendment under adulterated food
providing exemption of citrus fruits artificially colored.
While it is recognized that wholesome citrus fruits cat
be colored without harm to the consumer, strict!)'
speaking that is one form of deception. Should a l?l“
intended to right existing evils wink at such practic®
in one case and bear down hard in another?

The industries concerned have within their .ra.ﬂks
many men who see the necessity of bettering COndlllOU'S
and who can bring to the problem a wealth of exper
ence. If officials of equal ability and broad minded-
ness could work with such a group, an adequate 2"
forcible bill should result. With this enacted int®
law those who deserve it could be punished, honesty
and fair dealing could be rewarded, and the consumer
could be fully protected. Is it too much to hope that
such a procedure may be followed?




Figure 1. PHOSPUATE
Recovery Prant No. 2,

IMULBERRY, FLA.

 Development and Application of
Phosphate Flotation

Janmes A. Barr, Phosphate Recovery Corporation,

dustry in the early part of 1910, there have been many

changes. The recovery and subsequent treatment of
washer fractions and tailing has always been a serious prob-
lem. The first real progress along metallurgical lines came
with the introduction of flotation.

The early washing plants were somewhat crude affairs
and there was very little attempt to save any except the
coarser fractions. Some of these washers recovered only
the.PhlS quarter-inch phosphate. In Tennessee this was a
decided improvement over hand methods where anything
that passed a ten-tined potato fork was considered an un-
avoidable loss. These losses were condoned with the state-
ment that it was cheaper to mine a little more than to spend
money on equipment. This does not mean that no research
work was carried on or that no serious thought and effort
were given to these problems before the application of flota-
tion. Considerable was done on gravity methods, but, be-
cause of the closeness of specific gravity of the phosphates
and the usual silica gangue, these processes had a very lim-
ited application.

Aside from electrostatic separation, flotation offered the
most hope. The former was not attractive because of cost
and delicate operative conditions, and the latter was seem-
ingly hopeless during these early periods.

In order to visualize the value of flotation in the recovery
of fine phosphate particles from our two most important
phosphate fields, a brief description of these deposits and the
methods of mining and handling the product are given below.

SINCE the writer’s association with the phosphate in-

MINING AND WASHING

Florida pebble phosphates occur as an unconsolidated
conglomerate or gravel, formed from phosphatic marl during
th? Pliocene or possibly the late Miocene period. Circu-
lating ground waters probably effected the enrichment. The

Mulberry, Fla.

phosphatic stratum, of 10 to 15 feet average thickness, con-
tains more or less clay and silica sand, overlaid by a sandy
clay overburden, averaging 15 to 25 feet in depth.

The overburden is commonly removed by electric drag
lines, while the phosphate matrix is usually mined hydrauli-
cally and pumped to a washer located in the center of a 160-
to 300-acre tract.

Washing consists of dewatering on stationary, sloping flat
sereens, separation of low-grade oversize in a trommel fol-
Jowed by pugging in log washers to elutriate the clay, and
finally screening at an average of 1 to 1!/s mm. to separate
from silica and the remaining clay. Classifiers may be used
to reclaim finer fractions, but these are lower in grade as will
be discussed later. In any case, the washer tailing will still
contain a large percentage of phosphatic grains.

The Tennessee brown-rock deposits are somewhat differ-
ent both in appearance and character. ‘These were laid
down during the Ordovician age and originated from phos-
phatic limestones from which the free carbonate of lime was
subsequently leached by circulating ground waters.

The phosphate occurs as brown to grayish lumps or slabs
down to very fine grains, all intimately associated with vary-
ing percentages of clay, silica sand, and phosphatic-limonitic
or manganiferous minerals of minor percentages. The
stratum is underlaid by the unaltered limestone which often
intrudes as irregular bowlders in varying states of leaching.
The phosphate sometimes, but not often, is exposed at the
surface but usually is overlaid by 10 to 25 feet of impure,
sandy clay.

Steam or Diesel drag lines are used for removing the over-
burden and for then mining the phosphate stratum. Some
hand-mining is employed, especially where the phosphate
runs back under bowlders or into narrow crevices in the lime-
stone, called “cutters.”

The phosphate matrix, locally called “muck,” is hauled:
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The flow sheet of a Tennessee flotation plant is
very similar to Florida practice, except that when,
as is usual, the feed is relatively high grade (i.e.,

§
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L
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s il
V-Box Classifier

| ] 5
E Underflow Overflow or “Slime’’ to Waste

65 to 68 per cent B. P. L..),! the cleaner section is
omitted.

In both Tennessee and Florida the washer and
flotation products are dried to about one per cent
moisture in direct heat rotary driers. Phosphate

1
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]
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& 1
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dust in the flue gases is very efficiently reclaimed
by high-velocity cyclones or settling chambers.
It was not generally known in the United States
that the work of Sulman and of Broadbridge and
Edser on nonmetallics and phosphates was carried
out in England somewhat prior to 1920, for as
Gaudin (8) remarks, the flotation of a polar non-
metallic mineral was hardly considered possible in

1920.
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A little later and before the issue of the Broad-
bridge and Edser patent (1), there was some work
done in this country by various engineers working
on phosphates but with negative results, after trial
of the usual reagents known in sulfide flotation.

About 1922 the writer was instructed to investi-

Two 20' X 8" Bowl Clnssiﬁz}a Blarrel Type Mixer
&éq; * Oveilow 8 No. 6 Wilfley Tables
ST AT To l\\'ute 4_{%\ l

Two Barrel Type Mixers :==—sweect s cmacsiitaes Conct. Tail.

1 I}
Two 227 lElevatom General Concentrate

[ 1
Four Rows Cascade Flotation Machines Dewatering Drags

| 1

2 i !
R. Conct. R. Tail. To Waste - i
Elevator

1
Two 3 Cell 24” Mechanical Sub-A Cleaners

) Two 22" l}ilter Bins
Midd. Conc.

1 To R. }l. Cars

Two 3 Cell 24” Mechanical Sub-A Reclean‘rs T

1 i
Middlings Finished Concentrates

Ficure 2. Frow Smeer or Prant No. 2, wirn Rop ML (5)

to a central washing and drying plant on narrow-gage tram-
ways. Here, as in Florida, the clay is put into suspension
with log washers which discharge into a rotary trommel with
1/5 to 3/1s inch slots. The oversize, washed free

from clay with a violent spray, is hand-picked  Freshor
- % irculating
for removal of mud balls, flint, and limestone Water
nodules. The trommel undersize is deslimed 1500 z.p.m.
Eump

and partially dewatered in hydroseparators with
further desliming and dewatering in rake and
bowl classifiers. The practice is to save down
to 200 mesh, with some recoveries to 350 mesh;
the lower limits are a question of economics.

“gate the possibilities of phosphate flotation. Be-
cause of the initial plant cost and capacity indi-
cated by sulfide practice, the outlook was not promis-
ing when considering a low-priced commodity 8s
phosphate. No progress was made until the writer
learned of the Broadbridge and Edser work and
made contact with the Minerals Separation N. A.
Corporation. The writer set up a laboratory flota-
tion machine in Mt. Pleasant, Tenn., and obtained
encouraging results with the first test. Reagent
quantities were large but the collector used—oleic
acid—was the answer. Early in 1926 the work
was transferred to Mulberry, Fla., and carried through to &

1 Bone phosphate of lime, equivalent to the P:Os content of the phosphate
calculated as tricalcium phosphate.
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FrLorDA FLOTATION PRACTICE

The washer tailing, when treated by flotation,
is deslimed and dewatered in V-boxes and feed
bins, and then classified at about 28 mesh. The
oversize is ground in rod mills, followed by de-
sliming and dewatering in bowl classifiers. The
classifier rake product discharges to rotary mixers

3
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I !
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where the flotation reagents are added. The
+28-mesh fraction may be similarly treated up to
this point without grinding and then beneficiated

Two 4-éel!, 24" Meclhu.nical Sub-A Roughers

on concentrating tables.

The oiled —28-mesh fraction is fed to rough-
ing flotation cells, discharging a clean tailing to
waste and a medium-grade concentrate to the
cleaner cells. The cleaning section delivers a
high-grade concentrate to dewatering drags and
storage tanks with filter panels. Middling is
usually returned to the head of the roughers.
The froth from the first roughing cell is usually
laundered direct to the finished concentrate drag.
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successful conclusion as noted by Martin (5); He describes
in detail the No. 2 flotation plant which is the latest and larg-
est mill in the operation (Figure 1). This unit has a capacity
of 100 (long) tons feed per hour and was erected at an original
cost of nearly $200,000. The estimated (1933) construction
costs are $50.00 per ton (2000 pounds) daily feed capacity.
Figure 2 is a flow sheet of the No. 2 plant, and for comparison

- the much simplified flow sheet of a proposed new unit (being
constructed in 1934) is shown in Figure 3. Martin also
notes the economics and effects on over-all recoveries of the
whole ‘mining and recovery system:

MEeraLLurGicAL Data on ConcextrATOR No. 2 (5)
(Period covered, December, 1931)

Total tons ore treated® 52,323.38
Days operated (actual)? 22.77
Hours operated per day 24 (3 shifts)
Av. tonnage per 24 hours 2,297.91
Total tons concentrate 12,271.00
Total av. tons concentrate per 24 hours 538.91
Recovery of bone phosphate of lime 82.348
Ratio of concentration 4.2639

@ All tonnages are long tons of 2240 pounds.

5 Plant shut down 7 days (3 days Christmas holidays and 4 Sundays due
to production curtailment). Balance of lost time due to shutdown for re-
pairs and accidents.

SuaMary oF Direcr OperatiNG Costs oF No. 2 FLoTaTION
CONCENTRATOR (9)

(December, 1931)

PERr Per

ToraL Lona SHORT

FOR Ton Toxn

MoxNTH FEED FeED
Operating labor $1268.19  $0.0242  $0.0217
Power 3131.80  0.0599  0.0534
Supplies (operating) 133.18  0.0025  0.0023
Reagents 1245.03 0.0238 0.0212
Repairs labor 329.74 0.0063 0.0056
Repairs supplies 614.08  0.0117  0.0105
Sampling 129.01  0.0025  0.0022
Assaying : 138.95  0.0027 0.0024
Superintendent, office, and local overhead 755.07 0.0144 0.0129
$7745.05  $0.1480  $0.1322

3 SEGREGATED INTO LABOR, SUPPLIES, AND POWER

Total labor $1726.95  $0.0330  $0.0295
ower 3131.80  0.0599  0.0534
Reagents 1245.03  0.0238 = 0.0212
Supplies 747.26  0.0143  0.0128
Superintendent, office, and local overhead  894.02  0.0170  0.0153
'$7745.06  $0.1480  $0.1322

Gaudin (2) follows xanthate in 1924 with soaps for the

flotation of nonmetallics in 1925, under the heading of “Im-
portant Steps in the Evolution of Flotation.”” The general
term “nonmetallics” may seem broad, but the similarity of
all alkaline earth metals and their reactions toward soaps is
& reasonable explanation. :
_ No attempt will be made to go into the theory of flotation
In general or, more specifically, that of phosphate flotation.
Only the five main steps in the present phosphate flotation
practices will be described.

Maix Steps IN Process

The starting point in the flotation of phosphates is the
selec@we reaction, in an alkaline pulp, between the soap-
forming reagents and an alkaline earth base or in this case
the phosphate mineral which is essentially tricalcium phos-
ph_ate, The soap-forming reagent commonly used is a fatty
acid of 12 or more carbon atoms, such as olei¢ acid. The
phosphate particle, thus selectively coated with a relatively
insoluble, water-repellent film, attractive to air bubble at-
tachment, all as compared to the gangue mineral, is then
amenable to froth flotation by any of the usual machines or
to separation by stratification, tabling, ete.

The word “soap-forming” is used rather than the general
term “fatty acid,” since this group, unless limited by carbon
atoms, includes acetic acid, etc., which are not soap-forming.

AND ENGINEERING
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This terminology will also include naphthenic acid, whose
soap-forming properties are similar.

In general, the collecting power of a reagent, as compared
with a fatty acid alone, will correspond to the relative per-
centage of the soap-forming radical present.

Mixer v Prant No. 2

Ficure 4.

Mention should be made of the difference in action between
a glyceride and a free fatty acid. The usual run of fats and
vegetable oils gives poor or mediocre results. The statement
in the preceding paragraph applies, for the effectiveness of
these fats and oils in flotation of phosphates corresponds to
the liberation by hydrolysis of the free fatty acid from the
glyceride while in the pulp or present at the time of use.

It also follows that, when plating a film of relatively in-
soluble soap on a phosphate particle, the correct pH is neces-
sary for the best results. In Florida practice this is nomi-
nally between 8.5 and 9.2, and the alkalinity is obtained by
first adding caustic soda, though other suitable alkalies may
be used.

It was early determined, for Florida conditions, that soaps
formed in situ—i. e., in the pulp—were more effective and
required less quantities than when added as soap solutions.
It seems reasonable to assume that the reaction between the
fatty acid and the alkali is more effective when taking place
in immediate contact with the phosphate particle being
coated, especially in view of the natural hardness of mill
waters. This step is accomplished in practice by adding the
reagents separately into the conditioner or mixer (Figure 4).

Another step was the abandonment of the somewhat usual
practice of adding reagents to the relatively dilute pulps of
the flotation roughers. In phosphate flotation the reagents
are separately added to a relatively dense pulp such as is
delivered as a rake product from a Dorr classifier, specifically
put into the flow sheet for this purpose. With this method
of application a material reduction of reagent quantities
was possible. The effects of dilutions and mill waters on
the reactions in question seems to be a reasonable explanation.

Slimes, colloids, or colloidally acting substances have a
pronounced effect on flotation conditions and reagent quan-
tities so that the practical removal is necessary for the best
results, especially in Tennessee and Florida. Bowl classi-
fiers are commonly used for this step. Some material is lost
in the desliming which is still granular in appearance. As
particle sizes decrease, especially in the lower ranges, the
selectivity of reagents in all types of flotation decreases.
Fortunately this range lies below practical equipment sizes
when considering phosphates.

In the search to cheapen reagents, it was found that a hy-
drocarbon, such as fuel oil, would replace part of the fatty
acid or soap-forming reagent required and at the same time
increase selectivity; a workable assumption was that the
fuel oil would plate over the soap film with an additional
nonwettable coating attractive to air bubble attachment.

The steps may be summed up as follows: (1) the practical
particle size for froth flotation (28 to 35 mesh maximum});
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Ficure 5. Sipe ErLevation oF ProspHATE REcovERrY Prant No. 4

Four by ten foot rod mill; discharge to 5.
Four-inch centrifugal pump to 3 or 6.

b B L il S

samplers.

Four by twelve foot trommel; oversize, approximately 0.5 inch, wasted or shipped direct according to grade.
Four 22 X 18 foot steel feed bins, also used to dewater flow from dredge.
Six-foot, type F, duplex classifier; overflow, +35 mesh to 6; rake product to 4.

Twenty-foot bowl classifier with 8-foot rakes; overflow to waste; rake product to 7.

Four by twenty foot rotary mixer; mixes reagents from reagent feeder 8 in a dense pulp; discharge to 9.

Four-compartment, cup and disk type reagent feeder with arc type drip trays.

Two 14-inch belt and bucket elevators of the centrifugal discharge type; discharge aided by fish-tail water jet; discharge to 10 through automatic

10. Two rows of 24-inch, four-cell, single-spitz, mechanical subaération flotation machines; first cell concentrates direct to 12; balance of rougher con-

centrate to 11; tails to waste.

11. Two rows of 18-inch, three-cell, double-spitz, mechanical subaération flotation machines; concentrates to 12; mids to 13.

12. Five-foot dewatering drag; overflow to 13, drag to 14.
13. Four-inch centrifugal pump (Wilfley) discharging to 10.
14. Fourteen-inch belt and bucket elevator.

15. Concentrate bins with 8- to 12-inch filter panels in each bin for dewatering; filter panels of 20-mesh bronze screen; bins discharge through hand-

operated gates to railroad cars.

(2) desliming; (3) the correct pH of 8.5 to 9.2 obtained with
an alkali such as caustic soda; (4) the addition of a soap-
forming reagent such as oleic acid; (5) the addition of a hy-
drocarbon such as fuel oil, and possibly a small amount of
frother.

There were many other detailed improvements, some of
chemical nature but mostly refinements in operating technic.
The mechanical improvements were numerous at the start,
requiring some special design and equipment. The trend,
as is usual, was toward simplification and capacity increase,
with attendant cost reduction. ;

The above assumptions or theories, as well as many others
ascribed to flotation, have not been proved to the satisfaction
of all, and are advanced as a reasonable working basis; con-
sequently they are subject to change.

EconNoMics oF THE PROCESS

Starting with a difficult and, as some said, a hopeless case,
the research workers have succeeded in developing a com-
mercial process whose working costs are among the lowest
in flotation metallurgy. This is also true of plant construc-
tion costs. For instance, a sulfide flotation unit will ordi-
narily cost from $350 to $750 per ton daily capacity, whereas
a phosphate unit will not exceed $60 and will operate, in
Florida, for 13 to 16 cents per ton of feed, direct operating
costs. 2

The effects on the economics of phosphates has been one
of increasing importance. Heinrichs (4) stresses the benefits
of flotation in increasing over-all washer recoveries and
lowering costs. One of these (washer site A) is given as
being of special interest:

Cubic yards matrix ger hour 186
Tons phosphate pebble recovered ger hour 19.2
Cubie yards matrix per ton of pebble 9.6

The tailing from the above washer was sent to a flotation
plant which recovered 23.7 tons of concentrate per hour. The
combined operation then is as follows:

Cubic yards matrix per hour 186
Total tons recovered per hour 42.9
Cubic yards matrix per ton recovered 4.3

Now using 7 cents per ton of matrix as the cost of mining:

9.6 cubic yards times 7 cents (washer only), cents ﬂT.%
4.3 cubic yards times 7 cents (washer plus flotation), cents :_53__
Mining saving, cents 37.1

Then let us suppose, further, that in this case it is necessary
to remove 8 cubic yards of overburden per ton of regular
washer pebble or 3.59 cubic yards per ton of pebble a_nd con-
centrate combined. Using a cost of 4 cents per cubic yard
for overburden, we then have:

8 cubic yards times 4 cents (per ton washer product), cents 32
3.59 cubic yards times 4 cents (per ton total product), cents L
18

—

55,1

Overburden saving per ton recovered, cents
Total saving in mining and overburden removal, 37.1 +
18 cents, cents

In Florida a phosphate washer will recover on an average
only 10 to 25 per cent by weight of the matrix, the recovery
being the +14-mesh fraction. In some of the so-call "
coarser deposits flotation will recover an additional amoun
equal to 40 to 50 per cent of the washer tonnage of equal )or
better grade. However this class of deposit is not nOW tﬁe
most common, especially in the higher grades, sO that the
following remarks have special significance. e

There remain large areas of impressive tonnage tota's,
where the washer recovery alone is very light—I. €, It onﬁ
such area 500 to 1500 tons per acre, with 30 cubic yards Ot
overburden and 12 cubic yards of matrix to be handled P¢
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ton of phosphate recovered. With the washer supplemented
by flotation, the total tonnage recoverable was increased to
4000 and 8000 tons per acre, thus making a practical mining
proposition of an otherwise uneconomic undertaking. The
yardage handled is correspondingly reduced to 6 to 7 cubic
yards of overburden and 2 to 3 cubic yards of matrix per ton.

One property as prospected yielded 2000 tons per acre
of 68 per cent B. P. L. plus 14-mesh washer fraction. Flo-
tation recovered an additional 11,000 tons per acre of 74 per
cent B. P. L. The whole matrix if treated by flotation would
grade up to 74 per cent B. P. L.

When using a washer alone, there is a tendency to save the
finer fractions where the silica grains cannot be effectively
separated by screening or classification. This practice either
degrades the entire washer output or results in an additional
smaller tonnage of lower grade. The resulting tailing, in
either case, represents an important loss that is recoverable
by flotation at the higher grade.

For example, with a washer screening at 1 mm., the prod-
uct may often run 72 per cent B. P. L., where with a coarser
screen the grade may be raised to 74 or even 76 per cent. The
same is true with other grades. Flotation allows the use of
the larger screen openings while maintaining the maximum
grade with a larger over-all recovery.

There are several possible combinations of flotation with
the present washing systems in the Florida field. One in-
volves the use of a semi-portable, low-head washer of the
conventional flow sheet, followed by a thickener handling all
the washer tailing. This rejects slimes and diminishes the
volume which may be economically pumped to a central
flotation plant. In this scheme the flotation unit may be
placed in the middle of a 1000- to 1200-acre tract of phos-
phate territory which can be mined out with four moves of
the washer. The total tonnage thus recovered by one float
plant may range from 5 to 6 million tons or more. The
total amortization of the flotation unit plus the cost of the
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washer moves is thus a fraction of a cent per ton of total
output.

It will be seen from the above that Florida phosphate
operations now involve the same closeness of mechanical and
metallurgical control that has contributed so largely to the
success and low costs of the sulfides and metallics in general.

In Tennessee the problems are somewhat different. There
the washing practice is to save all the granular phosphate eco-
nomically possible, and there is ordinarily no current washer
tailing that is recoverable by flotation as in Florida.

The province of flotation in Tennessee is mainly to raise
the grade of the washer output or fractions. For instance,
the grade may be 68 to 70 per cent B. P. L., whereas the de-
mand is for higher grades. Flotation will raise the grade on
an average to 77 per cent B. P. L. or better, with a tailing
that may be wasted or regulated to about 65 per cent B. P. L.
which is used locally for the manufacture of phosphoric acid,
or dried and ground for direct application to the soil.

The effect of flotation is to enable the Tennessee miner to
exploit the lower grades as this now becomes necessary with
the depletion of the higher grade reserves. For example,
one washer operation had a remaining life of 5 years if con-
fined to areas producing 72 per cent B. P. L. or better. By
adding flotation and mining the lower grades, the life of the
operation is being extended to 15 years.
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Oiling Earth Roads

Application of Surface Chemistry

Hans F. WINTERKORN
Missouri State Highway Department, Columbia, Mo.

MODERN surface chemistry has shown the great in-

fluence of the amount and character of surfaces and
- interfaces upon the mechanical and chemical sta-
bility of dispersed systems. Since most of our road courses
represent systems with relatively large surfaces and inter-
faces, it seems promising to analyze road courses from the
standpoint of surface chemistry. This has been done to a
certain degree in types of courses ranging from sheet as-
phalt and asphaltic concrete to gravel and dirt surfaces. An
attempt is made in this paper to apply surface chemical con-
siderations to the successful oiling of low-cost dirt and gravel
roads,

Each surface or interface represents a certain amount of
free energy which is proportional to the amount of surface
and & function of its physico-chemical character, expressed
by the surface tension. In the case of liquid-liquid or liquid-
848 Interfaces the surface (or interfacial) tension, or the sur-
face energy per unit surface, which is numerically the same,
¢an easily be determined by experiment. The knowledge of
surface and interfacial energies involved in any such system

Factors affecting the qualilies of oiled dirt
roads are examined theorelically and experi-
mentally, and new surface treatment methods for
oiling jobs tried out on the experimental roads are
described. In all cases il has been found that the
addition of moislure and of surface-active sub-
stances, such as soaps, are able to improve lhe
final road. However, il is necessary to consider
the general properties, such as the clay conlent,
organic maller, elc., of the soil o be treated.

A new melhod of making and applying road
oil emulsions has been worked oul, which prom-
ises to be of use in future road construclion.

would make possible the calculation of the mechanical sta-
bility of the system as a function of its cohesional and ad-
hesional forces. The surface energy data also permit the
formation of conclusions as to the chemical or thermodynami-
cal stability of the system—in the present case the resistance
of the road towards weather influences.

Unfortunately, it is as yet impossible to obtain reliable
data on the surface tension of solids against either air or
liquids. Even if the necessary data could be pbtained, the
aforementioned calculations would have a practical value only
in the case of higher type pavements, where purity and uni-
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formity of the components of the pavement can be guaran-
teed. Such a guaranty is impossible in the case of low-cost
oiled dirt and gravel roads. In these types of roads the earth
phase with its large internal and external surface is subjected
to all the different climatic influences which cause marked
changes in the surface behavior. Although there is hope that

EmuLsioN-LIKE AppLicATION OF O1L AnDp Soap
SoLuTioN

FiGure 1.

surface chemistry will finally lead to a quantitative evalua-
tion of the stability factors in higher type asphaltic pave-
ments, in the case of low-cost oiled roads it can provide only
general principles to guide in experimental attempts to im-
prove construction methods and final quality of this type of
road.

According to the second principle of thermodynamics, the
free energy in any system tends to decrease. Free surface
energy can decrease by reduction of the amount of surface
and by accumulation of substances in the surface, either com-
bined or not with orientation. Consequently, in any system
those interfaces will be most stable which possess the least
amount of free energy, or, since affinity is measured by the
decrease in free energy, those phases will tend to come in con-
tact with each other that show the highest affinity toward
each other.

The affinity of different road-building materials for water
and for oil and asphalt is shown in Table I, from a paper of
Nicholson (1).

Apparently there is not much promise
of obtaining either an asphalt or an
oiled dirt road that is absolutely stable
against the influence of weather. Dis-
couraging as this outlook is for an
asphalt road, it is even worse for oil-
dirt surfaces, since we are better able
to prevent the entrance of water in an
amount sufficient to endanger a well-
constructed asphalt pavement. Is it
then at all possible to have stable, oiled
dirt roads? In drawing conclusionsfrom
Table I, however, a consideration of the
composite nature of the different phases
in the system was neglected. Both the
soil and the oil contain an appreciable
amount of various substances, dissolved
and dispersed, some of which have the
same general character and show the
same behavier as soap molecules. This |
dual character is expressed by the
following formula:

Figure 2.
Anp C, 1x Backerounp anp Fore-
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Marked difference in surface appearance is
apparent.

Yol. 26, No. 8

Na0OC | CH,—CH,—CH; CH,

Organic character,

Inorganic character,
affinity to oil

affinity to water

On a dirt road, in the optimum condition for oiling (9),
the soil particles are surrounded by water films. When the
oil has been added, the soaplike molecules and micellae will
be positively adsorbed at the water-oil interface and will
orient themselves in such a way that the hydrophilic head is
stretched toward the water and the inert hydrocarbon tail
dissolved in the oil. By evaporation the water film gradually
decreases in thickness, and finally the oil is linked directly
with the soil particle by means of the oriented surface-active
molecules and micellae in the oil-phase boundary. This
oriented structure brings about the greatest resistance against
water that can be attained with the materials employed.

AFFINITY OF MATERIALS FOR WATER AND FOR OIL AND
AspHALT

SUBSTANCES SHOWING GREATER A¥-
FINITY TOWARD ASPHALT THAN TOWARD
WaTEr

Pure limestone dust

Hydrated lime

Limestone rock asphalt powder 5
Calcined coal-mine waste, such as Haydite

TasLE I.

SuBsTANCES SHOWING GREATER
AFFINITY TOWARD WATER THAN
TOWARD ASPHALT

Silica (impure)

Iron oxide

Aluminum oxide
Gypsum or calcium sulfate
Barytes

Lithopone

Impure limestone 3
Light-calcined magnesia
Certain kinds of slag
Infusorial earth
Common clay

LABORATORY EXPERIMENTS

On the basis of these facts and considerations, the problem
was investigated as to whether the amount of surface-active
substances in road oil and soil is sufficient for the attainment
of the above-described microstructure—the soil and oil only
requiring the activating effect of water—or whether the intro-
duction of more surface-active substances would improve
the qualities of an oil-dirt road. For this purpose a large
number of laboratory experiments was undertaken and in
addition two experimental roads were built. The laboratory
experiments ‘were mostly concerned with the effect of soap
on the resistance of a soil-oil system against the slaking action
of water, and with the effect of soap on the cohesional prop-
erties of such a system.

For the investigation of the effect of oil and of oil plus soaD
upon the resistance of a soil system to the slaking action of
water, and also for the tensile strength
measurements, bricks of an @ shape
were made with the mold used for pre-
paring mortar test specimens for tensile
strength determinations. The test
samples were made by molding to the
desired shape and drying:

(a) Moist field soil :
(b) Dried pulverized soil with added

(c) Moist field soil with oil
(d) Dried pulverized soil with oil 1
(¢) Dried pulverized soil with oil an

(f) Dried pulverized soil with oil and
soap solution ; i
(E) The moist field soil with oil and

soap solution

All the samples were dried at roof
temperature to the same moisture ¢ot”
tent, then either suspended in water for
the slaking experiment or tested for
tensile strength in the mortar testing

machine.
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Besides the variations indicated by a to g, with many
systems the amount of oil was also varied over an interval
from 1 to 50 per cent of the dry soil. Soap was added in
amounts from 2 to 10 per cent of the amount of applied oil.
The addition of water to the soil was regulated to keep the
soil mass a little over the lower plastic limit while working.
The oil corresponded to Specifications 2 and 3 for Road Oil
of the Missouri State Highway Commission, adopted July
7, 1933:

The oil for use in this work shall be nonvolatile asphaltic oil,
shall be homogeneous, and shall conform to the following require-
ments:

The oil shall not foam when heated to 210° F.

Designation No. 28 No. 3%
%p. gr. (60° ¥./60° Fg not less than 0.950 0.960
urol viscosity at 122° F. 150-250 300-500
Flash point, ° F., not less than 19 194
Total bitumen sol. in CS:, not less than 99.0 99.0
% volatilization (5 hr. at 325° F. 50 grams), not more
than 12 10
g; residue of 100, penetration, not less than 60 70
uctility of residue at 77° F., in. (¢m.), not less than
19.69 (50) 19.69 (50)
Temp. of application, ° F. 135-175 150-200

@ No. 2 oil is for use on earth roads, first application for bituminous mat,
and bituminous mat construction by the road-mix method prior to May 15
or after October 1. ¥

b No. 3 oil is for bituminous mat construction by the road-mix method
between May 15 and October 1, and by the plant-mix method prior to May
15 or after October 1.

As soaps, sodium-Ivory soap and potassium soap prepared
from the same fatty acids as contained in the sodium soap
were used.

Many hundreds of these test samples were made from a
large number of different soils, ranging from light sandy soils
to Wabash gumbo, with variations of organic matter as well
as of the other constituents. The results of these tests which
necessarily were qualitative in character are summarized
as follows:

_(1) There was not much difference between the slaking re-
sistance and tensile strength of soil systems prepared accord-
Ing to methods a and b as long as the soils had a relatively low

Ficure 3. Secrion OrLep WITHOUT PRETREATMENT

Structpral capacity. However, if the structural capacity
Was high, particularly owing to high content of organic mat-
ter, then in case of treatment a the breaking, in both tests,
followed the structure of the secondary soil particles. The
tensile strength was lowered and the samples decomposed
under water into large units which showed appreciable re-
sistance against further slaking. On the other hand, samples
prepared according to method b disintegrated more slowly
but to smaller units and showed greater tensile strength.

(2) With the same amount of oil, the tensile strength and

€ water resistance were lowest when the samples had been
Prepared from oil and dry soil only, somewhat higher when
Water had been added to the mix, and highest when soap
solution was used. In the cases of moist field soils the struc-
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tural influence was likely to decrease the protecting proper-
ties of the oil.

(3) In all cases in which the soils had a relatively low con-
tent of organic matter, soap showed beneficial effects. So-
dium soap proved to be better with low colloid content of the
soil, potassium soap with high colloid content of the soil.

In some cases where an oil-treated soil slaked down in less
than a day’s time, the sample of the same soil treated with
soap in addition to the oil resisted the water for over a year.
This high protective effect, in some cases, was obtained with
the use of as little oil as 3 per cent of the weight of the dry
soil along with 0.3 per cent soap.

(4) With increasing organic matter the soap influence be-
came erratic. This was first attributed to the effect of so-
dium on the hydrophilic properties of the soil-exchange com-
plex. However, since potassium soap had the same effect
although the potassium ion usually decreases the hydrophilic
properties of the .xchange complex appreciably, the reason
for ‘this behavior undoubtedly must be sought in the dis-
persing and dissolving effect of alkali ions on the organic
matter in the soil. Coagulation of this organic colloidal
material with calcium chloride and subsequent treatment
of the soil with oil and soap solution resulted in nonshrinking,
water-resistant systems. A small addition of copper sulfate
to these systems proved especially beneficial.

(5) Soap in all cases made the mixing of the soil and the
oil easier, and provided a better and more even distribution
of the oil throughout the soil system. To indicate the char-
acter of the experimental results obtained, data for four
typical soils are given in Tables II to VI.

TasrLe II. Resurrts oN Four REPRESENTATIVE TEST SOILS

Soil 1 25 3¢ 4d
Passing sieve No. 40 40 10
Low liquid limit 26.1 34.7 62.3
Lower plastic limit 22.0 25.5 27.3
Plastic index 2 i 4.1 9.2 35.0
Vol. change at field moisture equivalent 3.9 6.8 54.8
Shrinkage limit 20.9 23.0 10.8
Shrinkage ratio 3 1.7 1.6 2.0
Sand (diam. > 0.001969 in.) ) 67.0 680 29.0 5.0
Silt (diam. 0.001969-0.0001969 in.) 25.0 23 54.0 35.0
Clay (diam. 0.0001969-0.00003937 in.) 5.0 8 7.0 A
Colloids (diam. < 0.00003937 in.) 3.0 11 10.0 60.0
Field moisture equivalent 23.2 2022 37.7
Vacuum moisture equivalent 17.8 23.4 42.2

@ Very sandy soil with very low plastic index and very low volume change.
b Sandy soil with pracﬁcnﬁy no volume change.
< Silty soil of low plastic index and low volume change.
@ Clay soil of very high plastic index, extremely high volume change, and
high content of organic matter.

TasLe III. Data OBTAINED WITH SoOILS 1, 2, AND 3¢
TENSILE
Periop STRENGTH OF
SOURCE OF FOR DISINTEGRATION Driep
SPECIMENS IN WATER SPECIMEN
Soil: 1 2 3 2
Lb. per sq. in.
Moist field soil 1 min, 30 min. 30 min. 52 55 100
(larger
aggre-
J gates)
Dry soil and water 1 min. 30 min. 40 min. 50 55 180
(small
aggre-
ates)
Moist field soil 3 days 4 days 1 day 41 40- 40
and oil (to large
; pieces)
Dry soil anld oil 30 min. 20 min, 30 min.
Dry soil, oil, an
vf"at,er 3 days 4 days 4 days 40 40 80
Dry soil, oil, and More More More 47 45 130
soap soln. than than than
50 50 50
: days days days
Moist field soil, More More More 48 45 120
oil, and soap than than than
soln. 50 50 50
days days days

s The amount of oil and soap used was 5 and 0.5 per cent, respectively, per
weight of dry soil. The data presented are for sodium soap, those for potas-
sium soap are somewhat lower for tensile strength in case of soils 1 and 2,
but identical with the sodium yalues for soil 3. In all cases the values
obtained with potassium soap fall in the error range of the data obtained with
sodium soap, which is about =10 per cent. Soils 1 and 2 showed no volume
change in the wawr-contumng.agste‘ms. soil 3 showed low shrinkage. Struc-
tural influence played a role with soil 3.
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TaBLE IV. INFLUENCE OF AMOUNT OF O1L oN TENSILE
STRENGTH OF SPECIMENS PREPARED FROM SoiL 3 wiTH WATER
AND O1L AND wiITH Soap SonutioN AND OIL
TENSILE STRENGTH

AFTER DRYING SOIL AFTER DRYING SOIL
WITHOUT SOAP WITH 0.5%, 80AP

Dried + Moist Dried + Moist
O1L H20 field H:0 field
% Pounds per square inch
3 98 A5 o o
5 80 40 130 120
10 83 R 85 o
20 15 o 28

TaBLE V. ExpeErmENTS wiTH CLAY Soin 42

SOURCE OF
SPECIMENS

SHRINKAGE BEHAVIOR OF DRIED SPECIMENS UN-
1N DRrYING .. pER WATER 5
5% oil 109% oil

Very high, breaks Disintegrates to larger units in 30
in shrinking min., no further disintegration

Moist field soil

because of
structure

Dry soil and Very high, but no Disintegrates to fine particles in 60
breaking min.

water
Moist field soil
and oil

High, breaks in

Disintegrates to
shrinking i

Disintegrates to
large units in 1

large units in

because of 60 min., no 100 min,
structure further disin-
tegration ;
Dry soil and oil None Disintegrates af- Disintegrates af-
ter 15 min. ter 20 min.

Dry soil, oil, and  High, no break-  Breaks form in 60 min., no complete

water ing disintegration after 10 days

Dry soil, oil, and Medium, no Slight breaks after 2 days, slow
soap soln. breaking breaking to large units

Moist field soil, Medium, some Breaks in 1 day to large units, no
oil, and soap breaking further decomposition.

soln.

@ Data obtained with potassium soap; use of sodium soap reduces water
resistance for about 10 per cent; soil possesses high content of organic matter
and high structural capacity.

TasLe VI. Errect oF Carnciom CHLORIDE AND COPPER
SuLrATE oN So1L-O1L Soap SYSTEM

(Clay soil 4 with high content of organic matter; px_-egaration method f;
10 per cent oil, 1 per cent potassium soap per weight of dry soil)

SHRINKAGE
CaCl; CuSO« IN BEHAVIOR OF DRIED SPECIMENS

% A DRryING UNDER WATER

0 0 Medium  Slight breaks develop after 2 days, slow
_breaking to large units

2 0 None Slight breaks develop after 4 days with
very slow breaking after 7 days

2 0.3 None No breaks after 40-day submersion in water

RoAp EXPERIMENTS

For the further investigation of the stated problem, two
experimental roads were built, one in May, 1932, the other
in October, 1933.

FirsT Roap ExpErRIMENT. The road was part of a de-
tour north of Cairo, Mo. The kind of soil along the road is
as follows:

Section A B D G
Sand (0.03937-0.001969 in.), % 18 9 16 14
Silt (0,001969-0.0001969 in.), % 585 4RTE5D0 42
Clay (0.0001969-0.00003937 in.), % 9 20 19 14
Colloids (smaller than 0.00003937 in.), % 15 23 13 10

In consideration of the method used in making this mechani-
cal analysis and the general character of the material as shown
by the above figures, practical uniformity of the soil character
can readily be assumed. The road surface before treatment
was dry and crusted, and possessed many shrinkage cracks,
especially in the middle part. An appreciable amount of
loose material was on the shoulders. The road surface ap-
peared uniform through the different sections. Special men-
tion should be made of the rather high crown of this road
which caused the accumulation of the oil along the road
shoulders.

The materials used to treat the road were (1) sodium soap,
88 per cent content, yellow, neutral, from Swift and Company,
Chieago, (2) road oil No. 2, Missouri State Highway Com-
mission Specification, and (3) water (hard) from the city
supply at Moberly, Mo.

The road was divided into sections A to H. A to D were
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pretreated with soap solution and oiled after drying, D to H
were treated ‘“emulsion-like.” An untreated section was
left between D and E. The method for the emulsion-like
application (Figure 1) is as follows: Two distributing trucks,
one filled with the road oil and the other with an aqueous
solution of the emulsifying agent (in this case soap solution)
were coupled together. Both liquids were spread through sepa-

5 |

Ficure 4. Emursion-Like TreATED SectioN H

rate spray bars, attached to the rear distributor and directed
to spray on the same spot of the road surface, thereby form-
ing the desired emulsion at that point. The special advantage
of this method is the possibility of controlling and varying the
character of the emulsions to fit the requirement of particular
soils or soil conditions without being concerned with the sta-
bility of the emulsion under conditions of storage or trans-
portation. The emulsion was used as a primer; after its
penetration into the soil, a second (oil) coat was applied.

The following table shows the length of the different sec-
tions, the amount of applied material, and the final quality
of the road surface:

QUALITY OF SURFACE

SECTION LENGTH Soar SoLn. AFTER TREATMENT

Feet Gal./sq. yd.

A 1300 0.365 Good
825 0.420 Good

(o] 295 0.880 Poor

D 735 0.460 Good

E 800 0.420 Good

F 650 0.390 Good

G 725 0.310 Very good

H 425 0.5 Very good

Intersection 0.000 Fair

A total of one gallon of oil per square yard was applied about
half in the emulsion-like priming (or first coat) and the rest
in the final application. The condition of the different se¢-
tions after 2 months is shown in Figures 2, 3, and 4.

ConcrLusioNs FroM First EXPERIMENTAL R0AD. &)
the road sections which were pretreated or emul.smn-llkc
treated with 4 per cent soap in water solution ranging from
0.31 to 0.59 gallon per square yard showed surfaces superir
to those of sections treated with oil alone. The emulsion-
like treated sections were in the best condition.

(2) Section C which had been pretreated with 0.88 gallo.n
of aqueous soap solution per square yard appeared WOrse
than any of the untreated sections. The detrimental effect
of the treatment was apparently due to the large amount 0
applied water, which penetrated deep enough into tht{ 5011,£
cause the original surface cracks to develop as the soil dri
out. Consequently, the oil following these cracks left t}ﬁe
surface without having an opportunity of mixing with he
surface soil. Also, the changing of the surface Pmpeme,s
of the soil colloids through the exchange of caleium and hy-
drogen ions for sodium ions undoubtedly had an enormﬂg15
detrimental influence. This influence does not seem t0 b
significant in the case of the emulsion-like treatment.
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(3) Surface dust, one of the greatest obstacles to a good
oiling job, improved the quality of the oil mat in all soap
treatments.

CoNCLUSIONS FROM SECOND EXPERIMENTAL Roap. To
avoid the eventual bad influences of the sodium ion on the
properties of the soil colloids, potassium soap was used in the
second oiling job, which was done in October, 1933, near
Urich, Mo. Besides the general results which corresponded
to those obtained on the first road, and of the many labora-
tory test samples, the following observations seem to deserve
special mention:

(1) In spite of the cool weather at that time the oil-soap
emulsion was so well absorbed by the soil that after 3 hours
the distributors could travel over the road without picking
up any material or rutting the road surface; on the other
hand, the straight oil applications congealed and were not
absorbed for several days.

(2) Besides this time-saving element, it seems to be ad-
visable, especially in acid soils, to apply the second oil coat
as soon as possible after the emulsion-like treatment because
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intervening rain and traffic may injure the treated surface,
especially since some of the soap in the system may have kept
its emulsifying properties. This danger can be practically
eliminated by determining the amount of the soap to be used,
based upon data covering exchange capacity and lime content
of the soil. But even if there is an excess of soap, the im-
mediate application of the second coat protects the system.
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Improved Casein Manufacture

Ricaarp W. Syura, Jr., University of Vermont, Burlington, Vt.

dairy industry, and casein is the most important mate-

rial manufactured from it. The process of casein re-
covery appears to be simplicity itself, but its lack of ap-
parent complications is the stumbling block of most operators.
Bc_>th acid additions and natural fermentation of skimmed
milk are used commercially to coagulate the casein. (For
detailed descriptions of the various methods of casein manu-
facture heretofore used, see literature citations 4, 5, 6.)
. Itis 50 easy to allow milk to stand and sour or to add to it
Just enough acid to cause precipitation that the complexity of

SKIMMED milk is the most important by-product of the

the material involved (a protein colloid) and the variations,

possible in the quality of
the-product (commercial
casein) are often overlooked.
tI‘he pronounced variations
n the product of these
simple operations simply
carried out have caused al-
most endless trouble to the
largest consumers of casein
—the paper manufacturers
—Wwho use approximately
80 per cent of the total
amount, consumed annually
I the United States, prin-
cpally to glaze papers for
the fine printing demanded
by modern advertising.
he next largest amount
Probably goes into glues.
There are many other uses
such as cold water paints, leather dressings and finishings,
Pastes, shoe polish, casein plastics, special food products,
medicines, oil cloth, linoleum, soaps, ete.
_ Casein, like many other products, is much less simple than
i name indicates. As it occurs in milk it is made up of a
Variety of proteinous bodies in intimate mixture. The neces-
sity for absolute uniformity in a material so widely used in
such quantities is paramount. Therefore, the acidification

Figure 1. OvLper Barca PROCESS OF ACIDIFICATION OF MiLk
ror CASEIN MANUFACTURE

Much hand labor is required.

of milk either by fermentation or the addition of acids must
be conducted under rigidly exact conditions to attain that
essential end. Most important of these is the control of
acidity at precisely the proper point to secure exact precipita-
tion. This point, most accurately measured by pH deter-
minations, has been shown by experience to be practically
unattainable by batch methods. A second essential is to
conduct the precipitation in such a way as to minimize ash.
A recently developed continuous process involving several
unique features (3) permits proper control of all the elements
in the precipitation and subsequent handling of the casein,
and is producing a product which users have found sufficiently
superior to the average
market commodity to
justify a premium price.

To understand the sig-
nificance of the new, it will
be valuable to review briefly
the older processes and to
summarize the important
characteristics of casein it-
self from a physico-chemical
point of view.

OLp PROCESSES

Milk normally is slightly
acid (pH about 6.6) and is,
from the point of view of
casein production, a col-
loidal suspension of proteins
and albumins in an aqueous
: solution of lactose and cer-
tain mineral salts. The simplest method of recovering the
casein consists in fermenting the lactose to lactic acid by
microorganisms naturally present. For this purpose the
skimmed milk is run into large, relatively shallow, open vats
and held at a temperature favoring fermentation (about
100° F. or 37° C.). When the acid intensity reaches a pH
value of approximately 4.6, sufficient lactic acid will have de-
veloped to cause the formation of a desirable curd. This is
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broken up, usually by hand-operated rakes or by heating,
and allowed to settle. The whey is drawn off immediately
and the curd washed two or three times with water. It is
then pressed in hydraulic or hand presses to expel as much
moisture as possible. The cakes of pressed curd are milled,
spread on drying trays, and
dried in tunnel driers. The
final step in the process is the
grinding of the dried casein to
a fine powder.

This method is largely used
in the Argentine and produces,
strange as it may seem, a
superior grade of casein. Its

N

B AN RN IGARARNY
Ficure 2. Acip FEep REGurLATOR AND MILK ACIDIFIER

principal disadvantages are inherent in the fermentation
process itself which consumes time and which yields a curd
oceluding various impurities held within the clots themselves.
These impurities are difficult to remove economically or effi-
ciently. Batch operation is also disadvantageous from an
efficiency point of view.

The second method is less tedious and more easily adapted
to modern production methods. It consists of adding a
diluted mineral acid (usually sulfuric but sometimes hydro-
chloric) to the skimmed milk in large shallow vats, mixing the
whole carefully, precipitating the curd, and proceeding as
described’ above. < As practiced, all the operations in the
process are carried out by hand as in the cruder fermentation
process, and it possesses very much the same drawbacks as
fermentation, with the exception of the time consumed.
It has this further disadvantage which prevents complete
uniformity of the product. In adding a relatively small
amount of acid to a large volume of milk, there are always
parts of the mix which are at one time or another more acid
than others. Not only are there such points of higher acidity,
but these are never exactly the same in extent or intensity in
any two batches. Consequently, despite great care on the
part of each operator, there will be precipitated in each batch
of his product some casein containing “‘foreign’’ proteins in
varying amounts. This lack of uniformity of output and the
large amount of hand labor involved in the process has always
placed the product of this method of acidification at a dis-
advantage on the market. Nevertheless, this process is
largely used in the United States and accounts to a great
extent for the low opinion users ordinarily hold of domestic
casein.

Regardless of the particular process used, all batch methods
present certain serious difficulties. However, many im-
provements have been made in the various batch methods in
recent years. The most important among these is the so-
called grain-curd process developed by the Bureau of Dairy
Industry of the U. S. Department of Agriculture. If a batch
method is to be used, the grain-curd process should be the one
selected.

Sulfuric acid, although frequently used, is inferior to
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hydrochloric because of the lower solubility of its calcium galt
and the consequent difficulty in producing a low ash pre-
cipitate.

Prysico-CHEMICAL PROPERTIES OF CASEIN

Casein, in addition to being one of the purest,
belongs to the most complex group of proteins,
the phospho-proteins. It contains carbon,
oxygen, nitrogen, hydrogen, phosphorus, and
sulfur. In milk it exists as a colloidal suspen-
sion combined in different proportions with
small amounts of calcium. The several other
constituents of milk further complicate the situa-
tion. In coagulating such a mixture, it is obvious that
variations in acidity produce variations in the exact
nature of the mixture precipitated. Thus, even a small
fraction of one per cent of acid cannot be added to the
batch of milk carefully enough to prevent momentary over-
acidity in part of the mixture and underacidity in other
parts. Under these circumstances the overacid portion will
precipitate every proteinous compound present and the
underacid part will be incompletely coagulated. Because
the added acid is not only neutralized but is at the same
time absorbed and adsorbed by the precipitate, subse-
quent thorough mixing will not entirely correct the fault
of initial inhomogeneity. Complete precipitation will re-
quire an overdose of acid, and the final produet will con-
tain a mixture of proteins which cannot be duplicated
accurately except by chance in the making of later
batches.

The precipitated curd, holding within itself more or less
acid, is washed and later pressed to remove as much moisture
as possible. The washing operation, like the precipitation, 15
liable to leave unequal acidity in the pressed curd. During
the pressing operation, as well as in the subsequent drying of
the mass, this residual acid hydrolyzes the casein to a gregter
or less extent depending on its concentration at various points
in the mass. The heating required during the drying opera-
tion emphasizes rather than minimizes these differences In
acid concentration so that the finished casein from the final
grinding retains the characteristics produced in it during these
steps in its manufacture.

Obviously this simple series of steps cannot be made
yield a material of rigidly uniform properties as requir¢
by the paper industry which must produce, practically by the
square mile, paper whose printing characteristics are per-
fectly uniform. To overcome these disadvantages, t!le proc-
ess has been reduced to a continuous operation in which each
step is accomplished by an unerring machine. The accom-
plishment of this end has involved chemical engineering skill
and ingenuity of a very high order.

NEw Process

The major credit for the development and improvement
of this new continuous process should be given to F. L.
Chappell of Hobart, N. Y., dean of America’s casein mant-
facturers.

Since control of acidity is the prime factor in
the process, the acid-mixing chamber is the heart of the
plant. Even though the unit itself is small, its proper func-
tioning is fundamental to the entire operation (Figure 2).
The small stoneware cylinder contains baffles to secure prac-
tically instantaneous mixing of the ribbon-like streams 0
milk and acid which meet within it. In this way the actua
acidification of any particular small volume of milk occurs n
a small fraction of a second, and the baffle armngemfnt’ :e;
cures completely uniform mixing of the two streams. Nopar
of the milk stream is even for an instant in contact with “{0’:
acid than is required to bring its pH to the desired point

the success of
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Ficure 3. (LeFr). ScrEw CONVEYOR FOR SEPARATING
Waey From Curp

Ficure 4. (BeLow). DISINTEGRATOR FOR Breaking Up
Curp (FroMm WHEY SEPARATOR) BEFORE WASHING

BT

o

Ficure 5, (ABovE). IncrLINEp ScrRew CONVEYOR FOR Con-
TINUOUS WaAsHING oF CasgiNy Curp

The curd moves upward against a descending stream of water.

Ficure 6. (RicaT). ConrtiNuous CASEIN-DEWATERING Press

The upper chromium-plated roll presses the curd against the lower perfo-
rated roll to remove moisture before drying.
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Hydrochloric acid (specific gravity 1.20) diluted with four
times its volume of water and skimmed milk preheated to
110° . (43.5° C.) meet in the mixer,

Complete precipitation of the casein requires a somewhat
longer time than the mere mixing operation, so the acidified
skimmed milk, after leaving the mixing chamber, runs through
a subsequent series of baffles which continue the agitation of
the mixture for a few seconds until the curd has partially
separated from the whey. This subsequent mixing chamber
is an open stoneware tray provided with baffles to force the
mixture to travel back and forth on its way to the washers.
(All stoneware parts were made by the General Ceramics
Company.)

TaBLe I. ANALYSES OF CASEIN FROM DIFFERENT SOURCES

Source AsH Acip® pH  Sovusruity 1N Borax
% Ce. % of borax
Argentina 2.02 8.2 4.26 16
Sulfuric 1.60 7.8 3.46 18
3.35 T2 4.70 12
4.75 13.0 4.55 18
Lactic 2,77 19.6 3.80 22
2.47 11. 4.22 16
2.48 10.4 4.22 18
Hydrochloric: >
Batch process 2.76 10.6 3.68 22.5
Grain-curd process 2.78 8.90 4.5 15
New process 1.08 0.2 4.80 8
1.60 1.6 4.67 12

4 Amount of 0.1 N sodium hydroxide required to neutralize 50 cc. of the
filtrate secured from a mixture of 10 grams of casein and 100 cc. of distilled
water,

The whey, which contains valuable constituents, is sepa-
rated from the curd in an inclined trough provided with a
serew conveyor shown in Figure 3 (built by the Jeffrey Manu-
facturing Company). The curd settles and is carried upward
out of the whey by the conveyor flights. The clear whey,
from which the curd has separated, is drawn off continuously
from near the surface at the lower end of the trough.

This whey from the precipitation contains lactose, in-
organic salts, and some residual albumin. It is utilized in
several ways. It may be evaporated direct to powder to yield
a valuable feed for poultry and stock; it may be worked up for
its lactose content; it may be fermented to yield lactic acid;
or, as has been recently proposed, its albuminous constituents
may be separated and used. Since there is usually an excess
of whey, the particular use to which it is put depends upon the
existing demand for products that can be made from it.

During the settling process the warm curd has a strong tend-
ency to cohere into large clots. After these are drained to
free them substantially from whey in the latter part of their
upward progress, they are dropped into a disintegrator or
beater. This disintegrator (Figure 4) consists of a per-
forated metal cylinder in which revolves a shaft provided with
arms that break the clots into small pieces under streams of
cold water.

The disintegrated curd is washed through the perforated
metal screen into an upward-inclined washing trough, and
pushed against gravity and a stream of cold wash water by a
second screw conveyor (Figure 5). This washer is similar to
the whey separator except that large quantities of water wash
the whey from the curd. The curd is delivered at the upper
end of the washer practically free from water-soluble impuri-
ties. This slow, thorough, continuous washing yields casein
in relatively small pieces containing very little excess acid or
ash.

The discharge from the washer delivers curd to a con-
tinuous automatic press of unique design which presses
adherent water out of the mass and leaves it with about a
50 per cent moisture content. Moisture is removed con-
tinuously in this recently developed pressing operation, and in
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addition the large, hard-pressed cake resulting from batch
pressing is avoided.

The press (Figure 6) consists of a hopper with an oscillating
wall feeding casein between two rollers, one of which is solid
and chromium plated and the other is perforated bronze.
The oscillating side of the feed hopper forces the curd be-
tween the two rolls, and their pressure against each other
forces water through the perforated roll to the drain. The
cake sticks to the perforated roll and is continuously scraped
off by a wooden scraper knife into a hopper from which it is
conveyed to the drier. (The press was built by Ireland Ma-
chine & Foundry Company.)

These operations provide a relatively porous mass of floccu-
lent casein which is low in acid and ash and in excellent shape
for drying in any convenient way. Practice has been to dry
the casein on trays in a tunnel drier, but other more satis-
factory and quicker methods have been developed. The dis-
advantages of the tray drier are obvious. Casein, pressed to
remove moisture, is in more or less coherent pieces and tends
to form a skin on the surface when heated which holds mois-
ture within the piece. Since it is also difficult to remove acid
and ash uniformly from the casein produced by the older
methods, hydrolysis takes place with the consequent damage
to the product as its temperature is raised.

Improved driers (1) evaporate the residual moisture from
finely divided casein by picking up the particles in a stream
of dehydrated heated air. Because these particles are rela-
tively small and quickly dried by the action of the air current,
hydrolysis and other similar effects are minimized. The
most successful driers are based on an adaptation of the
spray-drying principle. The casein from the continuous
press, in a fairly fine state of subdivision, is picked up by a
rapidly moving stream of hot dry air and carried through a
series of flues. These flues have sections of large diameter
placed at intervals during their course where the velocity
of the air stream is so reduced that heavier particles are
dropped out and removed for further disintegration before
return to the system. The finer particles are carried on by the
air stream. The final dried dust (5 to 7 per cent nloistu}'e)
is removed from the moist air by a turboclone blower which
supplies suction to the system. It is then ground to the
requisite fineness to meet the market demands.

The principal advantages inherent in the new method
are:

1. Uniform and immediate mixing of milk and acid.

2. Uniform and prompt separation of curd from whey.

3. Use of hydrochloric acid which yields easily soluble salts
with inorganic ash constituents. =i

4. Thorough and uniform washing of soluble impurities from
the casein. :

5. Continuous pressing which prevents the formation of large
aggregates.

6. Prompt drying of small pieces of curd to prevent surface
skinning that would hold moisture and acid in the particles an
promote hydrolysis. %

7. A finished casein superior to that made by other methods.
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Firuine Room oF GrAperrUIT CANNERY

The Canning of
Grapefruit and Grapefruit Juice

A. E. Stevenson, Continental

fruit produced in the United States proper (excluding

Porto Rico) is packed in Florida. Porto Rico, where
the canning of this product was first started, ranks next to
Florida .in point of production. Small quantities are also
canned in Texas and Arizona. Grapefruit was first canned
commercially in Florida in 1919 or 1920. The output in that
state has increased from 10,000 cases of 24 No. 2 cans each
in the 1921-22 season to an average of over 1,700,000 cases
for the last four canning seasons. In addition, a consider-
able quantity is canned in the form of grapefruit juice. Dur-
Ing these four years the canning industry in Florida has used
an average of around 15 per cent of the total production.

&. PPROXIMATELY 90 per cent of the canned grape-

CANNING OF GRAPEFRUIT

The largest market for canned grapefruit is in the United
States, although increasing quantities are being exported;
the largest foreign market is the British Isles with Canada
rankmg_ next. Practically no grapefruit is canned outside of
the _Umted States and its possessions so that the theoretical
foreign market is large although actually somewhat limited

cause grapefruit, either fresh or canned, is practically
unknown in most foreign countries.

The canning of this product in Florida generally starts in
December, the time varying somewhat depending on the date
of maturity of the fruit, and continues through April and
sometimes later,

.The two classes of grapefruit most commonly used for can-
Ting are tree-ripened and packing-house fruit. The former
<Onsists of fruit which has matured before being picked; the
18“_81' of fruit which has been picked for shipment as fresh
fruit but which the packing houses, on account of market con-
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Can Company, Chicago, Ill.

ditions, overripeness for shipping, blemishes on the skin, or
irregularity in shape, have not been able to use. A small por-
tion of the canned product is also produced from orchard
“drops.”

Grapefruit for canning purposes must conform with the
United States standards; the juice must contain not less than
seven parts of soluble solids to each part of acid calculated as
citric. Well-matured grapefruit produces a product of better
flavor than the less mature fruit, the percentage of naringin
(the bitter principle of the fruit) is less, the sections do not
break so easily, and the addition of less sugar is necessary to
secure the desired sweetness.

PreEPARATION OF FrUIT. In order to obtain uriformity in
the sizes of the sections of fruit in each can, the fruit is graded
for size previous to canning. The sizes generally used for
packing in No. 2 cans are 54, 64, and 70 (referring to the
number of fruit per shipping box), sections of fruit of different
sizes being packed separately. For smaller sizes of cans, the
smaller sizes of grapefruit may be used.

After grading to size, the fruit may be handled in one of
two different ways, depending on whether it is to be hand-
peeled or lye-peeled. In the latter case the fruit is carried
mechanically through water at a temperature near boiling, re-
maining in the water only long enough to loosen the outside
yellow peel, which, after scoring, is readily peeled off by hand.
The fruit with the adhering white membrane is then placed in
small woven-wire baskets, which are conveyed through a
boiling, weak (1.5 to 2 per cent) lye solution, and is sub-
jected to the action of the solution for 10 to 15 seconds.
The trays of fruit are then exposed to copious sprays of water
which thoroughly remove the lye and also the loosened white
membrane which is only partially dissolved. The sections of
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fruit are then carefully separated by means of a special blunt
knife from the membrane between the sections and from the
seeds. In the hand-peeling method, the outside yellow peel is
removed with a knife without first subjecting the fruit to a
hot water treatment. By means of a sharp knife, the outside
white membrane is carefully removed and the sections sepa-
rated as in the previous method.

The yield is generally somewhat higher by the lye-peeling
method owing to the fact that, in peeling the white membrane
from the fruit by means of a knife, some of the adjacent flesh is
also removed. However, with overmature fruit, lye-peeling
may give lower yields and it is sometimes necessary at the
latter part of the canning season to change to hand-peeling.
As far as the quality is concerned, there is no apparent differ-
ence between the product obtained by the two methods.

CanniNg OperaTION. The sections prepared by either
method are collected in thin layers, generally in shallow
aluminum trays, which are transferred to the filling table
where the sections are filled into the cans by hand. No
equipment has been devised which will satisfactorily fill the
product mechanically. Careful placing of the sections in the
cans is necessary in order to secure a fancy canned product,
the sections generally being placed so that, as far as possible,
the convex surface of the section is in contact with the side
of the can. Broken sections are kept separate and canned
as such or, in some instances, manufactured into grapefruit
juice. The total filled-in weight of fruit per No. 2 can is
approximately 17 ounces.

Sufficient sirup or dry sugar and water is then added to fill
the interstices between the sections, or sometimes sirup is
added before the fruit is filled into the can. The amount of
dry sugar added either as such or in the form of sirup varies
from 1.6 to 2.0 ounces per No. 2 can or enough to give a
Brix hydrometer reading of 16 to 18 in the ‘“‘cut-out” sirup
after equilibrium has been reached between the fruit and the
added sirup.

The cans, after being filled, may be handled by either of
the two following methods; both have for their purpose the
securing of a partial vacuum in the closed can:

(1) The exhaust method in which the cans unclosed, or in
some instances with covers loosely crimped on the cans, are
passed on a mechanical conveyor through a water bath main-
tained by means of temperature controllers at approximately
180° F., the total time in the bath being 25 to 30 minutes for
No. 2 cans, and the covers are then double-seamed on the cans.

(2) The more recently developed vacuum-closing method
in which the unheated cans are closed by means of a vacuum
closing machine under a vacuum of 22 to 25 inches.

In either case the closed cans pass directly from the closing
machine on to a conveyor which carries them through the
sterilizing bath. It has been found advisable on account of
the effect on the flavor and texture to sterilize grapefruit at
lower temperature (180° to 190° F.) than other canned fruits
which are generally sterilized in boiling water. Since, in the
exhaust method, the contents of the cans have been sub-
jected to heat treatment before entering the sterilizing bath,
the sterilization treatment need not be so severe as in the
vacuum closure method.

In the former method, the cans are conveyed through a
water bath held at approximately 180° F., requiring for No. 2
cans 25 to 30 minutes to pass through the bath. Where the
vacuum closing method is used, the time necessary in the
bath which is usually held at 190° F. is approximately 30
minutes or approximately 40 minutes at 180° F.

In either case it has been found that the heat treatment
should be sufficient to give a minimum temperature of
165° F. at the center of the can. Attainment of this tem-
perature is not in itself sufficient to sterilize the product, as the
time factor also must be considered. That is, if the tempera-
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ture at the center of the can could be rapidly brought to
165° F., this might not give a sterile product. Yeasts are the
organisms which generally cause spoilage of canned grapefruit
and they are not very resistant to heat. The contamination
with yeast organisms during handling and packing is also
generally quite low. For cans larger in size than the No. 2,
the time for sterilization is necessarily longer, but similar
temperatures are used. The cans are cooled immediately in
water after processing, and the cooling is continued until
only enough heat is left in the cans to evaporate the water
remaining on the surface, which, if present, will cause rusting.

Canned grapefruit becomes somewhat firmer after being
left in the cans for a short time so that, as a rule, shipments
of the product are not made until at least 2 weeks after
canning.

Type or CaN Usep

Plain (unenameled inside) cans are always used for grape-
fruit. Experiments have been made with several different
enamels but none, so far, has been as satisfactory as plain
cans. Hydrogen springers develop more rapidly in enameled
cans than in plain. The percentage loss from hydrogen
springers at various dates after packing is as follows:

9 MoNTHS 12 MoxNTHS 18 Mo~NTHS
Plain cans 0 0 0
Enameled cans 6 17 32

The above data cover one experiment with cans made of
the same quality of tin plate and packed under the same
conditions, These cans were stored at lower temperatures
than prevail in Florida, and greater losses would naturally
oceur at higher storage temperatures. In addition to losses
from hydrogen springers, the fruit in enameled cans becomes
yellower than in plain cans. Canned grapefruit when stored
at ordinary temperatures gradually becomes slightly yellow.
When packed in plain cans, the reducing action of tin hasa
bleaching effect which retards color changes. In the enam-
eled can, the color change, therefore, is more rapl(%- In
addition, grapefruit packed in enameled cans has a slightly
different and less agreeable flavor than that in plain cans;
this difference in flavor is apparently connected with changes
which are retarded or prevented by direct contact with tin.
The change in color of grapefruit in plain cans, together with
the toughening which accompanies it, is retarded by low
storage temperatures. When stored for 3 years ab 1?3° F,
the color, flavor, and texture were not appreciably different
from those observed directly after canning. Canned grape-
fruit from the same lot held at room temperature storage
for the same length of time showed such decided changes
that it could not be considered merchantable. Storage at low
temperature for extended periods of time, however, 18 too ex-
pensive to be profitable. In one lot of canned gl‘&}}ef““t
held at 33° F., there was an abundant crystallization of
naringin. Such crystals have been noted by Fellers ©)
under commercial conditions.

The development of hydrogen springers, although not &0
common as with some other canned fruits, is one of the difficul-
ties encountered by grapefruit canners. As has been shown
by Kohman (6), Bohart (1), and others, the storage tem-
perature of the canned product, the vacuum obta_med in the
cans when packed, and the amount of head space In the cans
are factors affecting the rate of development of hydrogen
springers. The lower the storage temperature, the greater
(within the limits of commercial practice) the head space l‘“
the can; and the higher the partial vacuum, the less the
difficulty with hydrogen springers.

A comparison of heat exhaust with vacuum ¢
relation to the development of hydrogen springers &
dates after packing is given (in percentage loss):

Josing in their
t various
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12 MoNTHS 18 MonTHS 24 MoNTHS
Hot-water exhaust of 28 ?
min, at 184° F, 2 35 42
Hot-water exhaust of 53
min, at 184° F., 0 5 9
Closed under 23-in. vacuum 0 9 17

The vitamin content of canned grapefruit as affected by
the various methods used in commercial canning—that is,
lye-peeling vs. hand-peeling and heat exhaust vs. mechanical
exhaust (vacuum closing)—has been investigated by Eddy,
Gurin, and Kohman (2). They found no apparent variation
in vitamin content due to the various methods of canning or no
particular difference between the vitamin content of canned
grapefruit and raw grapefruit.

There is a large amount of waste in the canning of grape-
fruit. According to Street (8), about 1 pound of fruit for
canning is obtained from each 3 pounds of fresh product pur-
chased. This waste consists of the outside yellow peel, the
interior white membrane, and the seeds.

The Florida Agricultural Experiment Station (5) has shown
that the dried waste has some value as a stock food. Some
waste is mixed with calcium cyanamide and peat for use as
fertilizer, the acid of the waste assisting in the change of the
cyanamide to urea. It may be utilized also as a source of
pectin, but owing to the cheapness of other raw products as a
source of this material, grapefruit waste has not been used
on a commercial scale for this purpose. Some yellow peel is
used in the manufacture of candied grapefruit peel. No
particular use has been found for the volatile oil of the peel.
Certain medicinal properties, for which there is no definite
proof, have been ascribed to naringin, the glucoside of the
fruit which occurs abundantly in the waste. Possible utiliza-
tion of the waste is complicated by the fact that the volume at
any one cannery is relatively not great, and it would be ex-
pensive to collect it from several widely distributed canneries.

Grapefruit juice has a decided corrosive effect on metals.
Aluminum trays have been used for years for handling
grapefruit sections and have given satisfactory results.
Monel metal is employed particularly for equipment for
grapefruit juice. Chrome-nickel steel is also coming into
use for trays and for equipment with which grapefruit sec-
tions or grapefruit juice may come in contact.

The quality of canned grapefruit depends on the character
of the raw product used and the care used in packing it. In
the standards established for canned grapefruit by the Bureau
of Agricultural Economics of the United States Department of
Agriculture, sixty-five points of the total possible score depend
to a large extent on the character (flavor, texture, etc.) of the
raw product used and thirty-five on the packing operations.

CANNING OF GRAPEFRUIT JUICE

Grapefruit juice consists of the juice of the fruit togethgr
with some suspended pulp. Because the unsweetened juice_ is
too sour for the average consumer, most of the commercial
product is slightly sweetened by the addition of dry sugar or
of sugar sirup. In the latter case the government food
authorities have ruled that the sirup added must contain at
least 65 per cent of sugar in order that dilution with excessive
quantities of water may be avoided.

The manufacture of grapefruit juice affords an outlet for
good-quality fruit of small size and of fruit such as is used
for canned grapefruit which does not command a ready market
as whole fruit.

The juice may be extracted by reaming or burring the cut
_halves, or by pressing the cut halves individually; in some
Instances it may be prepared from broken sections of fruit
produced during the preparation for canning. In e_xtractmg
the juice, it is desirable to use methods which will reduce
to 2 minimum the amount of volatile oil removed frox_n the
peel. The presence of such oil in the juice causes undesirable
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flavor changes in the canned product. The burring equip-
ment used has revolving corrugated cones of the same type as
that used at soda fountains. With the other type of ex-
traction equipment, each half of the fruit is carried mechani-
cally on to a stationary cone and the juice extracted by pressure
alone.

After the juice has been extracted from the split halves of
the fruit, it is passed through a fine-mesh screen of some kind
to remove seeds and large pieces of pulp. The equipment
most commonly used for this purpose consists of a thin metal
cylinder or cone made of monel metal or stainless steel, and
having small perforations. This cylinder has a revolving
beater inside. The extracted juice is fed into this equipment
which not only removes seeds and coarse fiber but also breaks
up the pulp into fine particles so that there is less tendency
for it to separate in the can. When broken sections of fruit
are used, the juice is extracted by passing them through a
cylindrical screen of the same type referred to above.

The juice is collected in suitable tanks where dry sugar or
sugar sirup of 65° Brix is added in sufficient quantity to give
a Brix reading of 14 to 16. From this point, the juice may be
handled in any one of the following ways:

(1) It may be heated in the tank to a temperature of 160° to
180° F. and filled into cans, and the cans closed and pasteurized.

(2) The juice may be filled into the cans cold, and the cans
passed through a hot-water exhaust box, closed, and pasteurized.

(8) The juice may be filled into the cans cold, and the cans
closed on a vacuum closing machine and then pasteurized.

(4) The cold juice may be subjected to flash-pasteurization
by some such equipment as that referred to by Mottern and von
Loesecke (7).

The latter method is not being used commercially to any
extent although it subjects the juice to less heat treatment
than any other method. Excess head space in the cans results
in abnormal corrosion of the container and objectionable
changes in the flavor of the product. For this reason the cans
are filled as full as possible with juice at the time of closing.
The heat treatment used after closing the cans naturally de-
pends on the previous treatment used but should, in any case,
be sufficient to bring the center of the can to a temperature of
at least 170° F. Whatever heat treatment is used, it should
be followed by prompt and thorough cooling of the cans after
the heat treatment is completed.

There is no definite information available in the literature
as to the effect on flavor and vitamin content of various
methods of canning grapefruit juice with respect to their
efficiency in removing air from the product and from the head
space of the can. Fellers (4) reports that vitamin C was well
preserved in canned juice which had been prepared according
to method 2 given above. However, the vitamin C content
of the original juice was not known.

There are no government or trade standards for canned
grapefruit juice and there is no agreement as to what method
of preparation and canning gives the best product. It is
generally considered, however, that the prompt canning of the
juice after extraction is essential to secure a satisfactory

product.
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Prospects of a Petroleum Chemical Industry

CarLeron Eruis, Ellis Laboratories, Montclair, N. J.

Ezpanding knowledge of the chemistry of petroleum and efforts to utilize this almost unlimited
natural resource more complelely have made available a large number of new chemicals
The prospects of an even more extensiwe chemical industry
from this source are discussed.

and products.

HE purpose of
this paper is not
to enumerate all

the chemical possibili-
ties through the con-
version of petroleum
material, since the
number of these pro-
posals is legion. How-
ever, it is clear that the
real developments in-
volving various chemi-
cal engineering prob-
lems have fallen to the
gases from petroleum,
rather than to the liquid
and high-boiling con-
stituents. One reason
for thisis that the gases
afford a means of ex-
tracting concentrates
or even pure hydrocar-
bons such as methane,
ethane, propane, bu-
tane, ethylene, propylene, butylene, etc. For making useful
products, such concentrates are better adapted than dif-
ficultly separable mixtures of higher hydrocarbons of undeter-
mined constitution.

Crude petroleum consists essentially of a mixture of hydro-
carbons of varying degrees of molecular complexity. In addi-
tion there are present smaller proportions of compounds of
oxygen, nitrogen, and sulfur, together with mechanically held
gas, water, or clay and other inorganic substances, either in
solution or colloidal suspension. The hydrocarbons may
range from the simplest to those having molecular weights
greater than 1000, and include not only paraffins and cyclo-
paraffins (naphthenes) but also aromatics and polynuclear
aromatics and cycloparaffins. The occurrence of unsatu-
rated hydrocarbons, prior to distillation, has been the subject
of much controversy. If such hydrocarbons are present in
crude petroleum, the proportion must be exceedingly small.

It has been calculated that a hydrocarbon represented by
the comparatively low number of 20 carbon atoms has 366,319
possible isomers (or 3,395,964, if stereoisomers are included)
(75). The difficulties involved in separating such a complex
mixture as petroleum are evidently very great. Although
many individual hydrocarbons have been isolated by laborious
fractional distillation and crystallization methods from petro-
leum fractions, particularly natural-gas gasoline and both
straight-run and cracked gasolines, the gaseous hydrocarbons
are the only compounds readily separated. Also, some of the
gaseous hydrocarbons are often more reactive than their
higher boiling analogs. At the present time, therefore, these
gaseous fractions are the more promising crude materials for
chemical conversion. .

The first real chemical industry founded on petroleum was
probably the production of aleohols by reaction of the olefins
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of cracking gas with
sulfuric acid.

CrackiNGg Gas

Industrial cracking
processes are, for the
most part, concerned
with the conversion of
high-boiling distillates
into low-boiling liquids
of the gasoline type.
The utilization of the
large quantity of lower
hydrocarbon by-prod-
ucts (eracking gas)
from this procedure is
already exerting a tre-
mendous influence on
the development of in-
dustrial organic syn-
theses. It has been
estimated that the
volume of this gas 18
of the order of 250
billion cubic feet annually (51).

The composition of cracking gas is dependent chiefly upon
the temperature of cracking. The so-called liquid-phase
operations [employing temperatures below 500° C. (932° F )
and pressures up to 1000 pounds per square inch] yield a gas
containing a fairly large proportion of paraffin hydrocarbons
together with a relatively small content of olefins. Of the
latter, propylene is apparently the predominating unsatur_ated
hydrocarbon. Vapor-phase processes (operating ab 1113‘!1‘91'
temperatures and at lower or atmospheric pressures) give a
cracking gas having a large proportion of ethylene in a_ddmon
to propylene and other olefins. Diolefins, particularly
butadiene, are also present in appreciable quantities (one per
cent or more). :

Prior to its utilization, cracking gas may be sub]eqtt?d_ to
compression and absorption operations, thereby dividing
it into at least two main fractions: (a) gaseous oleﬁllS,' con-
sisting of ethylene, propylene, and butylenes, and (0) liquid
olefins, consisting of amylenes, hexylenes, and higher olefins.
Further separation of these two main fractions is, of course,
possible.

Gaseous and low-boiling hydrocarbons may also be ob-
tained from cracked distillates. Cracked naphtha—e. g;;
containing fixed gases soluble at the temperature and pres:
sure of the condensing equipment on the cracking coils—is
to a tower which is called a “debutanizer.” About 30 per
cent of the most volatile components are taken ovgrhead n
this tower, and substantially all are condensed. This volatile
overhead cut is then fed to a second tower which is called 8
“stabilizer.” Here a sharp fractionation is made betweel
propane and lighter hydrocarbons, and butane and less
volatile hydrocarbons (120).

The analysis of the overhead gas and residue (bOtt"’ms)
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from pressure cracking stills varies with variations in cracking
conditions but, by way of illustration, is approximately as
follows:

OVERHEAD FROM DEBUTANIZER BorToMs FROM STABILIZER

% by % by

vol. weight

Methane and fixed gas 3 Isobutane 4
Ethylene 4 Isobutene 4
Ethane 21 1-Butene 3
Propylene 16 n-Butane 13
Propane 49 2-Butene 6
Isobutane 2 n-Pentane 20
Amylenes 13

n-Hexane 15

Hexenes 9

Heptane and higher 13

With modern pressure-fractionating equipment, the sepa-
ration of liquefied petroleum gases into propane, n-butane,
and isobutane is a relatively simple procedure which is being
conducted in many plants. The resulting butane is em-
ployed as a carbureting agent, and propane, in addition, is
used in refrigerating equipment. Liquefied isobutane or
propane are extracting agents for the refining of resins and
gums (80, 103) or oils and asphalts (3, 93, 122).

ALCOHOLS

The conversion of olefins to alcohols is accomplished by
absorption in sulfuric acid. The alkyl sulfuric acids which
are formed as intermediates are then hydrolyzed to alcohols.
Except with ethylene, secondary and tertiary alcohols are
thus obtained. The reactions for ethylene and propylene
may be represented by:

H.C—CH, TH50¢ | op cH,80.H
+H:0_ | cH,CH,0H + HiS0.

H
CH,CH=CtI, THS0 ’C>CHso.H

Hy

+H,0 H

The products from
ethylene and propylene
are exclusively ethyl
and isopropyl aleohols,
respectively. With
butylenes and higher
oleﬁns,eithersecondary
or tertiary alcohols, or
amixture,are obtained,
as well as a certain pro-
portion of polymers.
Possibly the most im-
portant factors con-
nected with thismethod
of manufacturing al-
cohols are the tempera-
ture and concentration
of the acid, both of
Wwhich determine to a
large degree the propor-
tion of olefin converted
toaleohol orto polymers. With ethylene, temperatures as high
8360°t6.80° C. (140° to 176° F.) may be employed (34, 125,
169); for other olefins (propylene and higher) the temperature
18 generally kept at 20° to 30° C. (68° to 86° F.) or lower (55).
Ethylene is absorbed in 96 to 100 per cent acid, propylene in
90 to 04 per cent acid, higher straight-chain olefins (e. g, 1-
and 2-butene and 1- and 2-pentene) in 80 to 90 per cent acid,
and isodlefins (isobutene and isopentene) in 60 to 70 per cent
acid (19, 155). Reaction between the olefin and acid,
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especially with gaseous olefins, is increased and facilitated by
increased pressures and agitation in the presence of a liquid
(e. g., a high-boiling petroleum fraction) which is a solvent for
the olefin but which is immiscible with the acid. Many
different catalysts have been proposed which not only aid
absorption of the olefin by the acid but also reduce losses from
polymerization.

Alcohols which are produced on a commercial scale by the
sulfuric acid process are ethyl, isopropyl, sec- and tert-butyl,
sec-amyl, and sec-hexyl.

The use of the two lower alcohols, ethyl and isopropyl, as
solvents and in pharmaceutical preparations is too well known
to require further comment. Unique uses for higher sec-
ondary and tertiary alcohols are in the purification of paraffin
slack wax (150), in paint-removing compositions (13), and
as fuels for internal combustion engines (163). Alcohols also
serve as the basic materials from which esters and ketones may
be obtained.

It looks highly promising to bring about reaction between,
say, ethylene and water to combine them directly as alcohol.
However, this work, which has been carried on intensively in
England, particularly by the Imperial Chemical Industries,
and further by the Bataafsche Petroleum Maatschappij, has
not appeared to indicate a promising yield. The success of
the operation, if it has any future, is now held to reside in the
discovery of an effective catalyst.

In experiments on direct hydration of this nature, mixtures
of olefins and steam are led over catalysts at temperatures
varying from 100° to 600° C. (212° to 1112° F.), generally
about 100° to 350° C. (212° to 662° F.). The ratio of steam
to hydrocarbons is usually low, though in some instances a
ratio as high as 50:1is used (111). This ratio governs, at
least to some extent, the type of product obtained, alcohols
being formed primarily when the ratio is high and ethers
when the proportions of olefins and steam approach one an-
other. Pressures from 1 to about 350 atmospheres have been
advocated. The catalysts employed include metals and
their alloys (148), metallic oxides (141) and phosphates
(4, 784, 147), nonvola-
tile mineral acids (97)
—e.g., sulfuric or phos-
phorie acid—and vola-
tile organic acids, such
as acetic (46).

EsTERS

.

The reactions of al-
cohols with acids, acid
anhydrides, or acid
chlorides are familiar
methods for preparing
esters. The direct
combination of olefins
and acids is of more
interest. Direct esteri-
fication of ethylene or
propylene by organic
acids is apparently dif-
ficult to effect but can
be accomplished by
first absorbing the olefin in sulfuric acid and then treating
the solution with either the organic acid or a salt of the acid
(64, 173). Higher olefins are much more amenable to this
treatment. Butyl acetate, for example, is obtained on passing
butylene, at temperatures of 50° C. (122° F.) or higher and
under pressures of 100 to 180 pounds per square inch, counter-
current to a stream of glacial acetic acid containing some
sulfuric acid (67). Amylene may be esterified in a similar
manner (17). Esters so obtained may serve as solvents for
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various gums and resins and in the preparation of lacquers
(50, 124).
KEeroNES
Dehydrogenation or oxidation of secondary alcohols
vields ketones. The general reaction may be written:

I;’>CHOH e 1;::>co +H,

Of this class of compounds, acetone is probably the most im-
portant industrially. It is a well-known solvent for cellulose
esters, for many gums and resins, for some fats and waxes,
and for acetylene, particularly for the prevention of ex-
plosions during the storage of that gas. This ketone is em-
ployed also in the manufacture of smokeless powder, celluloid,
and certain kinds of artificial silks, as well as in the scouring of
wool. Mixed with toluene or benzene, acetone yields a
solvent which has been used as a dewaxing medium for lubri-
cating oils. . :

Although acetone (and other ketones) has been produced
largely by fermentation processes, isopropyl alecohol offers a
convenient source. Dehydration of this alcohol is effected at
temperatures of 250° to 430° C. in the presence of copper
(140), metallic sulfides (82), or various salts of zinc, nickel,
cobalt, aluminum, calcium, or magnesium (83). Catalysts for
the vapor-phase oxidation of isopropyl alcohol include copper
(81), brass (172), silver (117), and zinc oxide (123). Other
metallic oxides, such as manganese dioxide and barium per-
oxide, have been suggested also (167).

Methyl ethyl ketone, made by oxidation of sec-butyl alcohol
derived from butylene, finds application in the cellulose lac-

quer industry. It possesses a°boiling point somewhat higher °

than that of acetone and because of its lower vapor pressure is

AvrconoL-PrAnT RECEIVING TANKS FOrR CRUDE ALCOHOLS
(FOREGROUND)

less likely to cause “blushing” in lacquers. Provided this
solvent could be made in quantity and sufficiently cheaply,
methyl ethyl ketone would replace acetone for many purposes.
The foregoing discussion clearly shows that olefins in crack-
ing gas can be made to unite (directly or indirectly) with water
to yield alcohols, from which two main classes of deriva-
tives are obtained, esters and ketones. Reverting again to
cracking gas, the olefins present can react with chlorine to give
olefin dichlorides or with hypochlorous acid to form chloro-
hydrins. These latter compounds in turn are converted into
two other classes of derivatives—glycols and olefin oxides.

CHLOROHYDRINS

Although known since about 1859, ethylene chlorohydrin
did not become an important compound until the World War
when it was used in the manufacture of mustard gas.
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One method of preparing ethylene chlorohydrin consists in
passing ethylene into an aqueous solution of a hypochlorite
from which hypochlorous acid is set free by the addition of a
weak acid (69, 166)—e. g., sodium hypochlorite and sodium
bicarbonate or carbon dioxide. Passage of ethylene and
chlorine into water or an aqueous solution of a base—e. g,
sodium .carbonate, either in the absence or presence of an
immiscible liquid which serves as a solvent for the chloro-
hydrin—is another method (14, 70). In such operations the
temperature is kept low (about 10° to 12° C., or 50° to
53.6° F.), and the chlorohydrin concentration is maintained a
about 6 to 10 per cent. Reaction in the vapor phase between
chlorine, ethylene, and steam, employing catalysts such as
manganese dioxide, chromates, or ferric oxide, has been
proposed (116).

The chlorohydrins of propylene and butylene have been
prepared similarly. With butylene and higher olefins a con-
siderable proportion of dichlorides is formed simultaneously
which materially reduces the yields.

Chlorohydrins have been suggested as solvents for the
extraction of aromatics, phenols, and sulfur and nitrogen
compounds from brown-coal-tar distillates (162), for the
preparation of wetting agents (92) (by condensation with
amines), in the making of synthetic resins by esterification
with rosin (57) or by interaction with phenol alcohols (28),
and in the manufacture of lacquers and plastics (132).

ErEYLENE DICHLORIDE

Ethylene dichloride is made by the direct addition of
chlorine to ethylene or to the ethylene fraction of crackl_ng
gas. With dry gases and at ordinary temperatures, reaction
israther slow. It is much faster when carried out in the liquid
phase, in the presence of catalysts or of solvents,
or at high temperatures. Under the last narfled
conditions it is difficult to limit the reaction,
since substitution products are also formed.
Ethylene dichloride has been suggested as a solvent
for this reaction (113, 160). Another method is
to mix liquid chlorine with ethylene at 0° C.
(32°F.) (30). The dihalide is also prepared by
allowing a mixture of chlorine and ethylene to
flow through & reaction tower countercurrent to
a stream of water. o e

Ethylene dichloride is a colorless liquid (di
1.2569), boiling at 83.5° C. (182.3° F.) and freez-
ing at —36° C. (—32.8° F.), slightly soluplq n
water, more so in alcohol and ether, and miscible
with oils and fats. It burns with difficulty and
the flames are readily extinguished. Because
of resistance to hydrolysis and oxidation, this
substance may be used at its boiling point with
little danger of corrosion. Slow hy.d_rolysls
on exposure to light is retarded by addition of a
small proportion of alcohol (61). :

This dihalide is employed as a fumigant, as a solvent, and in
the manufacture of ethylene glycol. As a solvent ethylpne
dichloride can be used in the extraction of oils, fats, and resins,
and, mixed with methyl or ethyl alcohol, will dissolve cellulose
nitrate or acetate. Another application is in the dejvaxxlﬂng
of lubricating oil fractions (104) since paraffin wax s o é’
slightly soluble in this solvent at temperatures below 25 'd.
(77° F.). Either alone or mixed with carbon tetrachloride
it is a good cleansing agent (133). On a volumelt)l(')lc
basis ethylene dichloride is a cheaper solvent than car 1&
tetrachloride and superior in stability towards water an

steam. hl v deiS
An interesting product derived from ethylene chior! e
that designated by the term ‘“Thiokol” (125, 126).

latter is made by the interaction of the dihalide with poly-
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sulfides of alkali or alkaline earth metals. Thiokol resembles
soft rubber in properties but is characterized by a high sulfur
content and insolubility in practically all organic liquids.
It can be incorporated with crude rubber and the mixture vul-
canized. The resulting products are also insoluble in organic
liquids, particularly petroleum distillates, and are used, for
example, in materials such as hose for handling gasoline.

GLyYCcoLs

Hydrolysis of ethylene dichloride (18) or of ethylene
chlorohydrin (15, 81, 48) with solutions of alkalies leads to
the formation of ethylene glycol. Direct oxidation of
ethylene to glycol in the presence of water has also been
employed. For example, ethylene and oxygen are introduced
into water containing iodine (or compounds which readily
liberate iodine, such as potassium triiodide or ferric iodide)
and a manganese or iron oxidation catalyst (146). Or ethyl-
ene is allowed to react with air and water at 150° to 300° C.
(302° to 572° F.) under pressure in the presence of metallic
catalysts (148).

Ethylene glycol is a colorless, odorless liquid which possesses
a sweet taste, boils at 197.5° C. (387.5° E.), and has a density
of 1115 at 20° C. (68° F.). It is miscible in all proportions
with water, alcohol, and many other solvents.

Possibly the most common uses of glycol are as a solvent
and an antifreeze for automobile radiators. In addition, it is
employed in the manufacture of cosmetics, in the preservation
of Aanatomical and biological specimens, in the treatment of
skins and furs, and as an aid in the finishing and dyeing of
fabrics. Derivatives of ethylene glycol, however, have
found diverse industrial applications (32). Thus, the mono-
ethers (e. g., the monoethyl ether or Cellosolve) are widely
used in lacquers (35). The nitrates form the basis for low-
frgezing dynamites (137). Esters of glycols and polybasic
acids (e. g., phthalic) are of resinous nature and are useful in
lacquers (23, 56, 100).

Higher boiling materials, the so-called polyglycols, are
formed as by-products during the making of glycols. These
substances can be made also by dehydration of ethylene glycol
or by the action of water on ethylene oxide. The lowest
polyglycol, diethylene glycol, has proved to be an almost ideal
lubricant for wool spinning (2). Various derivatives of
polyglycols, such as the monoethyl ether of diethylene glycol
or Carbitol, have found varied applications (37).

OLEFIN OXIDES

Compounds of the olefin oxide type, although classed as
neutral substances, are capable of taking part in an astonish-
ing number of reactions, and interest is centered chiefly in
their derivatives rather than in the oxides themselves. Thus
far only ethylene oxide appears to be utilized commereially,
although higher olefin oxides are known. These oxides are
made by heating either chlorohydrins with solid or anhydrous
alkalies or concentrated solutions of chlorohydrins with
alkalies (16, 166). Ethylene oxide is said to be obtained on
conducting ethylene, steam, air, and hydrogen over metallic
catalysts at 150° to 400° C. (302° to 752° F.) (149).

Ethylene oxide (and alkalene oxides generally) reacts with
organic substances containing an easily replaceable hydrogen
atom—e. g., alcohols, acids, phenols, and amines—and also
with water. These reactions may be represented as:

CH CH,0H
(l}H>O et _>éH,R

Glycol monoethers are made by the reaction of ethylene
oxide, or other aliphatic oxide, with an alcohol (89, 174):

CH,O0C,H;
éH,OH

Catalysts for the above reaction include sulfuric acid (62), the
sulfates of nickel, zinc, or chromium (69), hydrosilicates of
aluminum (91), and dialkyl sulfates (9, 36). When an excess
of the olefin oxide is employed, it is possible to make poly-
olefin glycol ethers. For example, introduction of ethylene
oxide into anhydrous ethyl alcohol containing a small amount
of sodium (as a catalyst) leads to the formation of the ethyl
ether of tetraethylene glycol and higher polyglycols (105).
The monoalkyl ethers of ethylene glycol are solvents for
cellulose nitrate, resins, gums, and oils. They are miscible
with organic solvents, and the lower ethers are soluble in
water. The methyl ether is a solvent for cellulose acetate,
and is especially adapted to the preparation of lacquers (38).

CH;
| ,>o L GHOH -
CH

ETHANOLAMINES

Ethylene oxide reacts with aqueous ammonia to yield a
mixture of three basic substances, mono-, di-, and friethanol-
amines, which can be separated by distillation (86, 101, 135).
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The proportions of the three products depend largely on the
relative proportions of the reactants, an excess of ethylene

oxide favoring the formation of triethanolamine. The boiling
points of the ethanolamines are as follows:
ETHANOLAMINES TEMP. PRESSURE
QIO (UE:) Mm. (in.)
Mono-, NH:CH:CH:0H 171 (339.8) 757 (29.8)
Di-, NH(CH;CH:0H)s 217 5422.6) 150 ( 5.9)
Tri-, N(CH:CH:0H)s 277 (530.6) 150 ( 5.9)

These substances are miscible in all proportions with water,
alcohol, acetone, glycerol, and ethylene chlorohydrin, but not
with ether and some aldehydes.

Monoethanolamine is a color-
less, slightly viscous, hygroscopic
liquid, with a faint ammoniacal
odor. Diethanolamine is a
colorless, odorless liquid, with
viscosity characteristics similar
to those of glycerol. The dini-
trate of monoethanolamine (118)
and the trinitrate of diethanol-
amine (119) have been proposed
as explosives. Pure triethanol-
amine is a white crystalline solid
at room temperature. The
commercial product is a clear,
viscous, hygroscopic liquid, with
a density of 1.124 at 20° C. (68°
F.) soluble in most organic
liquids . containing oxygen, but
only slightly soluble in hydro-
carbons.

In the Girbotol process of the
Girdler Corporation aqueous
solutions of a mixture of the
ethanolamines, particularly the
di- and. triethanolamines, are
employed for the removal of
carbon dioxide and hydrogen sul-
fide from gases (12). The result-
ing carbonates and acid sulfides
readily decompose at tempera-
tures above 50° C. (122° F.) with regeneration of the solvent.
The ethanolamines form stable salts with sulfur dioxide and
therefore are unsatisfactory for the removal of that gas.

Other uses have been suggested for these amines—e. g., as
extraction agents in the refining of mineral oils (44, 138),
plasticizers for cellulose esters (151), catalysts in the forma-
tion of phenol-aldehyde condensation products (24), pre-
servative agents in rubber compositions (162), and stabilizers
for tetrailkyl leads (22).

Ethanolamines combine readily with fatty acids to vield
soaps (161) whose consistency depends primarily upon the
acid employed. The oleate resembles petroleum jelly,
whereas the stearate is a hard, waxlike solid. These com-
pounds are soluble in water, benzene, toluene, and turpentine,
but only slightly so in lubricating and petroleum oils. In
contrast with the usual sodium or potassium soaps, those of
the ethanolamine type are characterized by low alkalinity.
The oleate may be used for promoting oil-in-water emulsions.

Droxan
Diethylene dioxide, or dioxan, 9—CHQCHZ—O—CH20H:,
]

although structurally related to ethylene oxide, should more
properly be considered as a derivative of ethylene glycol.
It is made industrially by heating ethylene glycol with de-
hydrating agents, such as sulfuric acid (60) or anhydrous ferric
sulfate (74). Similarly, dimethyldioxan is obtained from
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1,2-propylene glycol, and diethyldioxan from 1,2-butylene
glycol.

Dioxan is a liquid boiling at 102° C. (215.6°F.) and melting
at11°C. (51.8°F.). It issoluble in water and in many of the
usual organic solvents, and is a solvent for resins, fats, and
cellulose esters.

ProbucTioN oF UNSATURATED HYDROCARBONS

The action of heat on saturated hydrocarbons results in the
formation of unsaturated compounds and also in many in-
stances leads to a rearrangement within the molecule. Per-
haps the largest source of unsaturated hydrocarbons is
cracking gas, the composition of
which has already been dis-
cussed. Butadiene is a com-
ponent of vapor-phase cracking
gas. Acetylene is formed from
hydrocarbons at temperatures
considerably above those em-
ployed in cracking. These two
unsaturated compounds are of
particular interest.

ACETYLENE

Acetylene is one of the thermal
decomposition products of hy-
drocarbons at 800° C. (1472°F.)
or above. Below this tempera-
ture it is not formed, or only in
small proportions (methane, for
example, requires heating to
1000-1200° C. or 1832-2192°F.).
Acetylene is made by the
thermal decomposition of prac-
tically all hydrocarbons in the
electric arc. Generally, better
yields are obtained from low-
2 boiling or gaseous petroleum hy-

drocarbons than from higher

boiling distillates. Short periods

of heating, reduced pressure, and
addition of hydrogen or steam to the gaseous hydrocarbons
minimize their decomposition to carbon and hydrogen.

One important reaction of acetylene is its hydration to
acetaldehyde, which may be subsequently oxidized to acetic
acid. Hydration can be conducted in either the liquid or
gaseous phase. In liquid-phase operations, a stream of
acetylene is passed through dilute sulfuric acid (about 6
per cent) to which has been added mercuric oxide, the mercury
salt thus formed serving as a catalyst. Reaction procce(!s
with the evolution of heat, and vaporized acetaldehyde is
carried along in the gas stream from which it is recovered by
cooling.  Oxidation of the aldehyde readily yields acetic
acid. A number of by-products (6) are formed in minute
proportions in the hydration of acetylene. One of these,
diacetyl, is used for flavoring butter substitutes. :

A difficulty encountered in vapor-phase operations is the

ease with which acetaldehyde is converted to other sub-
stances, such as crotonaldehyde or esters. This is overcome
by the addition of a gaseous oxidizing agent—e. g., by fo“'
ducting acetylene, steam, and oxygen at 100° to 200° C-
(212° to 392° F.) over a catalyst consisting of a mercuric salt
(96).
Acetylene is being produced at a refinery in this country by
arcing hydrocarbon gases and is used subsequently for
making acetic acid. Thus petroleum has definitely become &
source of another hydrocarbon, acetylene. )

Other important derivatives of acetylene are vinyl esters
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and acetylene polymers. Vinyl esters are obtained from
acetylene and acids by direct addition in the presence of a
mercury catalyst. Vinyl esters can be transformed by various
methods into light-colored resins (Vinylite) which at present
are finding rather wide utilization in coatings and plastics,
particularly in phonograph records (39, 52, 53).

Of the various polymers of acetylene, one is the result of
the action of heat on the hydrocarbon in contact with certain
metals.  This is known as cuprene and is an insoluble, brown,
amorphous solid (76). Liquid polymers are made by absorp-
tion of acetylene in solutions of cuprous salts. Mono- and
divinylacetylene are thus formed. Divinylacetylene slowly
thickens to a viscous liquid which, after application as a film,
hardens farther to an insoluble coating (121). Monovinyl-
acetylene, when combined with hydrochloric acid, yields
the liquid called “chloroprene” (26). The lafter can be
changed readily into an elastic solid which resembles natural
. Tubber more closely than does any other synthetic material.
Acetylene rubber of this type is known as DuPrene.

BUTADIENE

Butadiene is a gaseous product of the pyrolysis of hydro-
carbons at temperatures just below those at which transfor-
mation of straight-chain hydrocarbons to aromatics takes
place. To illustrate, the maximum yield of butadiene from
ethylene is obtained at 750° C. (1382° F.) (175) and from
propane, propylene, and butane (66) at about 727° to 728° C.
(1340.6° to 1342.4° F.). Cyclohexane is converted largely to
butadiene at 654° C. (1209.2° F.).

An interesting reaction of butadiene, and other conjugated
diolefins, is that with maleic anhydride to yield
cyclic acid anhydrides (1, 43, 594). This may be
represented as:

H,
CH,
HZ ° CH—CO HO/ \cHco
H i yJH—CO>O Tmel JJHCO>O
\CH, \}(‘I/
2

Such products are often readily formed by allowing
the diolefin and maleic anhydride to react in the
presence of benzene. Not only aliphatic but also
eyclic diolefins—e. g., cyclopentadiene—combine
with maleic anhydride:

H H
/S Za0\
HJC) bm, + CH_C?))O s g BOELES HCO>0
1 b «!H—C H«g\é ~/CHCO
H H

By this reaction it was shown that butadiene, piperylene,
150prene, and cyclopentadiene were present in the low-boiling
fractions of a gasoline cracked at a high temperature (8).
utadiene and similar diolefins have been considered for
some time as a source of artificial rubber (25, 170). When
heated with various substances which act as c'atalysts,
butadiene polymerizes and forms a solid mass possessing some
of the properties of rubber. Considerable work has been done
Tecently on this reaction, but the development is hampered
Y economic considerations. However, a resin has l.)egn
Produced from the diolefins of vapor-phase-cracked distil-
lates by polymerization with aluminum chloride (157, 158).
petroleum resin produces varnishes which dry very
rpidly.  Another related material is a dark colored liquid
Product consisting of a mixture of polymerized olefins and

diolefins, known as Puresinol (95). This is a by-product in
the refining of highly cracked gasoline distillates and is pro-
posed as a substitute for linseed and other drying oils. Its
specific gravity is 0.956, Saybolt viscosity at 100° F. (37.8° C.)
is 200 seconds, and iodine number is 175. Brittleness of the
dried film would appear to limit its uses.

AROMATICS

Certain crudes, particularly Borneo petroleum, contain
aromatic hydrocarbons to some extent. Aromatics are also
formed in cracking processes. However, in the production
of Hydrosolvents by hydrogenation it has been found that
aromatic compounds are produced in large proportions.

If an overhead cut is made of a Hydrosolvent, the following
results roughly express the proportion of aromatic hydrocar-
bons:

Sy (¢ C) %
200-275 (93.3-135) 10
275-365  (135-185) 35
365—419  (185-215) 38
419-460  (215-237.8) 8-10

Distillate under 200° F. (93.3° C.) end point is added to
gasoline.

The increase in aromatic content with boiling point is of
significance in the coating industry, since a coating in which
such a liquid is present as the thinning agent becomes
richer in more powerful solvents as evaporation increases.
This tends to permit the binder in the composition to orient
satisfactorily, giving an unusually hard and glossy surface.

In the crude Hydrosolvent cut there is probably about 1
per cent benzene, 4 per cent toluene, 18 per cent xylenes, and

25 per cent of the trimethylbenzene type of hydrocarbons,
including mesitylene and isomers, such as methylethylben-
zene, propylbenzene, etec. There are also indications of
the presence of hydrogenated naphthalenes, particularly
tetralin and decalin. There may be also some octalin, Al-
though some naphthalene may be in the distillates, it is
likely to be negligible in amount.

The hydrocarbons from coal tar are characterized by the
insignificant proportions of trimethylbenzene hydrocarbons,
and the high yield of these through hydrogenation of petro-
leum appears to fill a gap not supplied by coal tar. In other
words, the hydrocarbons of coal tar are benzene, toluene, and
xylene, and then rather suddenly there is a jump to naphtha-
lene, anthracene, and other polycyeclic hydrocarbons. Hydro-
genation, therefore, should serve as a means to place the

e
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petroleum industry in the coal-tar field, especially for prod-
ucts in which coal tar is lacking.

Ox1pATIoN Propucrs

The oxidation of petroleum hydrocarbons of high molecular
weight, such as paraffin wax, is a method for the preparation of
acids of high molecular weight. Air, oxygen, ozone, oxides of
nitrogen, and nitric acid can be used as the oxidizing agents,

ENTERING GASOLINE TANK CAR wiTH MASK

though air is most generally employed. Reaction is carried
out at temperatures above the melting point of the wax,
usually about 160° to 180° C. (320° to 356° F.). Catalysts
include metallic oxides (143), inorganic salts of organic acids
(. g., barium stearate or calcium cinnamate) (87), manganese
acetylacetonate (85), and naphthenate (90).

Separation of the acids from the reaction product is accom-
plished by extraction with alcohols (108) or with alkalies
(64), by sweating (131)—i. e., partial liquefaction of the
product by heat followed by pressing to separate the liquid
and solid portions—and by distillation under reduced pressure
(106).

These acids are designated “wax acids,” as this term indi-
cates wax as their source rather than fats. Furthermore,
some investigators have intimated that these acids contain a
large proportion of substances having an uneven number of
carbon atoms per molecule as contrasted with fatty acids
which contain an even number of carbon atoms. Wax acids
can be employed in the manufacture of synthetic fats by
esterification with glycol or glycerol (63, 77) and for making
soaps. Thelatteris the more important use. Crude wax acids
are characterized by the presence of hydroxyl and aldehydic
groups. The removal of these groups, which interfere in cer-
tain applications, is a problem to which considerable attention
is being given. Instead of wax acids, higher alcohols can be
obtained by employing the proper catalyst. Sulfation of
these wax alcohols forms soaps of the hard-water type, a
procedure which appears cheaper than making detergents
from the alcohols of vegetable-oil hydrogenation.

In addition to acids of high molecular weight, water-soluble
acids of low molecular weight are also obtained by oxidation,
as well as intermediates such as aldehydes, ketones, esters,
acid anhydrides, and hydroxy acids. In preparing alcohols,
the wax is oxidized for a shorter time than that employed for
making acids. Catalysts which are particularly useful in
this reaction are acetic acid or weak inorganic acids such as
boric (107). The alcohols are separated from nonoxidized
wax and other substances by distillation under reduced pres-
sure with steam.
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Oxidized kerosene fractions are used for the production of
an alcohol denaturant known as Aldehol (1 0).

CHLORINATION PRODUCTS

Although a vast amount of work has been conducted on
the chlorination of petroleum hydrocarbons, only brief men-
tion can be made of some of the products obtained,

Chlorination of methane, for example, yields methyl chlo-
ride (CH;Cl), methylene chloride (CH,Cly), chloro-
form (CHCl;), and carbon tetrachloride (CCL).
Methyl chloride, because of its low boiling point,
has been used as a refrigerant. The remaining
three substances can serve as solvents, chloroform
to a limited extent as an anesthetic, and carbon
tetrachloride as a fire extinguisher. Carbon tetra-
chloride and antimony trifluoride react to give di-
chlorodifluoromethane, a substance particularly ap-
plicable as a refrigerant because of its low tox-
icity.

Chlorination of natural-gas gasoline gives a mix-
ture of amyl chlorides which can be hydrolyzed
to amyl alcohols (29) (marketed under the name
of Pentasol) and the latter esterified with acetic acid
(Pentacetate). :

The production of Paraflow is an outstanding de-
velopment in the utilization of chlorinated petro-
leum hydrocarbons. Paraffin wax is chlorinated
until its chlorine content is about 10 to 12 per
cent and is then reacted with benzene, naphthalene,
or anthracene in an inert solvent (e. g., kerosene) at
60° to 71° C. (140° to 160° F.), with aluminum chloride as a
catalyst. After reaction is completed, the aluminum chlo-
ride sludge is withdrawn, and the solvent and excess wax are
removed by distillation, the latter under reduced pressure.
The product is a chlorine-free, synthetic hydrocarbon oil
possessing the unusual property of lowering the pour point of
wax-bearing lubricating oils. For example, the addition of
1 per cent of this synthetic oil to a crude Pennsylvania lu-
bricating oil reduced its pour point from —1.1° C. (+30°F.)
to below —20.6° C. (—5° F.). The utilization of Paraﬂ(_m’,
therefore, makes it possible to eliminate the severe dqwam{lg
operations required in the refining of many lubricating oils

(40, 41).
N1TROGEN COMPOUNDS FROM PETROLEUM

In coal oil and shale oil there are present aromatic
compounds of nitrogen whose identification has been ac-
complished with comparative ease. Petroleum, however, con-
tains an astonishing variety of nitrogen compounds 'of un-
known structure, some of which, according to present indica-
tions, fall into the class of hydroaromatics and until recently
were very little known. Hydroaromatics are closely related
to alkaloids, and to change hydroaromatic bases to al-
kaloids it is necessary only to make the proper placerr'lent of
oxygen. A brief mention is therefore made of thgse nitrogen
compounds as opening up a new field of scientific interest and
practical value, some of them already having been found use-
ful in insecticides (165) and as pickling inhibitors (94)-

The nitrogen content of crude petroleum is rather low,
about 0.1 per cent or less, though some California oils have
shown as high as 0.82 per cent on analysis (129). Ap-
parently the nitrogen compounds in crude oils are nonbaSII‘li
and are not extractable with acids. Distillates from suc
crudes, however, contain nitrogen bases, thus indicating &
decomposition of rather complex nitrogenous substances
during distillation (130). :

To illustrate the types of compounds which have been
isolated, only two need be mentioned. Both of these were
found in the sulfur dioxide extract obtained in the refining 0
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kerosene. From the fraction boiling at 276° to 277° C.
(528.8° to 530.6° F.) 2,3,8-trimethylquinoline was obtained:

CH;
N
TCH;
v—cm

A hydroaromatic_base, CisHxsN, from the same fraction is of
interest in that it represents a compound of the cyclopentane
type. The structure assigned to this substance is:

CH,

He H /‘ H H,
N
CH ¢
Q o
2
N/EWEY
CH; H
This has been named decahydro-3,8-dimethyl-5,7-methano-
4,8-ethanopyrindacine. .
So far there is no explanation for the presence of hydro-
aromatics in petroleum and their absence from coal, shale, and

bone distillates. Furthermore, none of the bases isolated
from petroleum has been obtained from other natural sources.

SuLFur COMPOUNDS FROM PETROLEUM

The sulfur content of crude oils from different localities
varies widely, ranging from less than 0.2 per cent to as high as
410 5 per cent (58, 71, 102). Fractions of high-sulfur content
are the basis of Alcotate, an alcohol denaturant (79, 1264).
Practically all of the simpler types of sulfur compounds
have been identified in such oils; these include mercaptans,
thioethers, thiophenes, thiophanes, organic sulfides and di-
sulfides, compounds containing both sulfur and oxygen, and
also hydrogen sulfide, elemental sulfur, and carbon disulfide
(11, 27, 110, 136, 145). From the refiner’s viewpoint these
sulfur-containing substances are
impurities which, because of their
corrosive properties or their odors,
must be removed particularly from
gasoline and kerosene fractions.
To the chemist, the isolation and
utilization of these sulfur com-
pounds opens a field of wide possi-
bilities,

Hyprocen Surripe

- Hydrogen sulfide may be ex-
tracted from petroleum or its dis-
tillates, or from the gases from the
distillation or cracking of crudes or
distillates of high sulfur content,
by solutions of alkalies—e. g., s0-
dium hydroxide, sodium carbonate
and bicarbonate, or ethanolamines.
Aqueous suspensions of brucite (68)
have heen suggested for the same
Purpose. Hydrogen sulfide may
be liberated, except in the case of
5°dll{m hydroxide, by heating the
solutions or suspensions.

e uses of gaseous hydrogen
sulfide, other than in the labora-
oIy, appear to be rather limited.
t reacts at high temperatures
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with olefins or acetylene in the presence of catalysts to
yield mercaptans, thioethers, thiophene and its derivatives,
and carbon disulfide (109, 154). When hydrogen sulfide is
mixed with methane, ethane, or propare, and the mixture
is heated to 1200° C., both benzene and carbon disulfide are
obtained (169). The salts of hydrogen sulfide, particularly
the sodium salt, have been used as aids in dyeing, as reducing
agents, depilatories, and denitrating agents, and in the manu-
facture of sulfur dyes and lithopone.

The preferential oxidation of hydrogen sulfide to sulfur,
either by metallic oxides or by sulfur dioxide, are well-known
processes and suggest the possibility of high-sulfur petroleum
oils as potential sources of sulfur.

MERCAPTANS

Aqueous solutions of sodium hydroxide and alcoholic
solutions of sodium plumbite (168) or of sodium or potassium
hydroxide (164) have been employed for the extraction of
mercaptans from petroleum distillates. As an industrial
method the use of aqueous sodium hydroxide is probably to be
preferred, and mercaptans may be thus liberated by steam dis-
tillation (7, 112).

Mercaptans have been suggested as pickling inhibitors (21)
and as intermediates in the preparation of dyes. Heated
with phosphorus tri- or pentasulfide, mercaptans yield liquids
which may be employed in ore-flotation processes (42).
The well-known soporific, sulfonal, is the sulfone of the mer-
captole obtained from acetone and ethyl mercaptan. Be-
cause of their penetrating odor, volatility, and insolubility in
water, the lower boiling mercaptans, especially ethyl mercap-
tan, have been used for detecting leaks in gas mains (45, 73,
127, 142, 156). A product designated Cal-Odorant, ap-
parently a mixture of hydrocarbons and sulfur compounds,
is marketed for odorizing natural gas (78). Butyl mercaptan
is said to be a stabilizer for chlorinated hydrocarbons—e. g.,
carbon tetrachloride or tetrachloroethylene (153).

THIOETHERS

Possible methods for the recovery of thioethers include the
formation of addition compounds
with salts—e. g., mercuric iodide
or chloride, titanium tetrachloride,
or platinic chloride—and their ex-
traction from acid sludge. Passage
of mercaptans over metallic cata-
lysts (sulfides of cadmium or zinc,
and aluminum chloride) at 320°
to 350° C. (608° to 662° F.) re-
sults in the formation of thioethers
(139, 171).

Thioethers are solvents for
rubber and for resins such as
abietic acid, paracoumarone, petro-
leum resin, and cresol-sulfur chlo-
rideresins. Ethyl aleohol and ethyl
sulfide, or methyl alcohol and
propyl sulfide are solvents for cellu-
lose nitrate. Ethyl sulfoxide, an
oxidation product of ethyl sulfide,
has been suggested as a plasticizer
for pyroxylin.

SULFONATES

In the refining of mineral oils,
particularly in the production of
white pharmaceutical petrolatum
(vaseline oils), with sulfuric acid,
a certain amount of sulfonation
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oceurs (49). Most lubricating oils contain reactive hydro-
carbons which are partly removed from the oil by agitation
with sulfuricacid. The sludges from such refining operations
contain free acids, polymerized bodies, asphaltic materials, and
oxidized substances together with various sulfonated produets.
The disposal of this acid sludge has long been a problem to the
refiner. The acid is usually separated by the addition of
water and reconcentrated for further treatment of distillates.
The residual material is largely used as a fuel (98).

Numerous methods have been devised for the removal of
the sulfonic acids from sludges and acid-treated oils. In
general, separation is effected by some selective action such
as that of solvents or adsorbents or by salting-out the acids
in the form of their alkali or alkaline earth salts. As is evi-
dent, the sulfonic acids vary with the character of the sludge,
the type of the original oil, and the refining treatment; hence
the methods used for their recovery are generally adapted to a
particular material.

Mineral-oil sulfonic acids, varieties of which are known as
Kontakt, mahogany acids, and green acids, have found
commercial interest. They have been used as detergents,
reagents for hydrolyzing fats to glycerol and acids, and textile
reagents—i. e., wetting, penetrating, cleansing, or lubricating
agents in textile treatment. On some types of dispersions,
mineral-oil sulfonic acids act as stabilizers, but on others
they exert a coagulating effect. In the petroleum industry
the acids recovered from sludges have been used to prevent
emulsification in subsequent refining operations. Various
sulfonated mineral-oil fractions have been employed also in
insecticide compositions. These applications have been so
extensively investigated that to single out one as an illustra-
tion would be unfair to several hundred others.

The sulfonated minerals oils can be considered to consist
largely of sulfonated paraffin and cycloparaffin (naphthene)
hydrocarbons and to be derived from petroleum distillates.
Aromatic sulfonic acids, though they may be formed also in
small quantities in petroleum refining, are largely derived
from coal tar. The petroleum sulfonic acids can thus be
looked upon as by-products, whereas another series of com-
pounds derived from olefins resulting from pyrolysis of
petroleum distillates, for example, can be considered to be
principal products.

When ethylene reacts with sulfur trioxide, a crystalline
compound which melts at 80° C. (176° F.) is formed. This
substance is carbyl sulfate:

HzC—~O—SOz>O
H,C——S0,

It dissolves in water with the liberation of heat and the forma-
tion of ethionic acid, HO;S—C,H,—OSO;H, and isethionic
acid, HO;S—C.H,—OH. Salts of ester-like condensation
products of ethionic acid and fatty acids—e. g., oleic acid
(33), have appeared as Igepons (4?) and have received much
attention as wetting and cleansing agents, especially in textile
treatment. Olefins resulting from the destructive oxidation
of paraffin wax and naphthenic acids have also been sulfonated
to give similar products (5).

Although petroleum sulfonic acids have been known and
investigated for a long period, great technical interest was
not manifested until recently with the development of prod-
ucts of superior detergent quality. The sulfation of olefins,
resulting from the cracking of petroleum, has opened a wide
field for the petroleum industry, and further developments
quite as remarkable are already foreshadowed. >

NAPHTHENIC AcCIDS

Other by-products from the refining of petroleum dis-
tillates are naphthenic acids, which are extracted from dis-
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tillates by the alkali wash required in refining operations,
The acids are obtained in the free state by acidifying the
alkali with sulfuric acid or with sulfur dioxide. Their name
is indicative of the fact that they were first observed in
naphthene-containing crude oils. Later investigations of the
structures and properties of naphthenic acids have shown also
that they bear a chemical relation to the naphthene hydro-
carbons, particularly to cyclopentane.

An interesting application of the heavy metal salts of these
acids, the cobalt, lead, and manganese salts especially, is as
paint and varnish driers (88). Solutions of such salts in
hydrocarbons are known as Soligen driers. Linseed oil var-
nishes, containing 0.14 to 0.29 per cent cobalt naphthenate,
dry in 1 to 10 per cent less time than those containing a resin-
ate drier.

The sodium salts have been suggested as soaps. Their
detergent action and lathering power are inferior to those of
sodium palmitate or toilet soaps of mixed fatty acids how-
ever. A 40 per cent solution of such soaps can be cooled to
0° C. (32° F.) for 30 minutes without effecting complete
solidification, which indicates their possible use in the prepa-
ration of neutral soft and liquid soaps. Much larger quanti-
ties of sodium chloride are required to salt-out sodium naph-
thenates than coconut oil soaps from aqueous solutions (99,

114).
HyproGEN

According to well-known processes, hydrocarbons and
steam react at high temperatures in the presence of catalysts
to give hydrogen and oxides of carbon. With methane this
may be represented by:

CH4 + H,0 —> CO + 3H:
CH4 + 2H20 — CO: + 4H3

and for higher hydrocarbons by:
CuHaqy2 + nH;0 —> nCO + (2n + 1)H;

These reactions are reversible, the equilibrium depending
upon the temperatures and pressures employed. From an
industrial point of view the chief interest in them lies in their
application to the production of hydrogen from gaseous hy_drO-
carbons, as more hydrogen can be obtained from a given
quantity of methane, or other hydrocarbons, in this manner
than by purely thermal decomposition. For example, the
thermal decomposition of one volume of methane yields &0
volumes of hydrogen,

CHg——> C + 2H3

but according to the preceding reaction it is possible to ob-
tain as high as four volumes of hydrogen from one volume 0
methane. :

Application of the above reactions is illustrated in the
preparation of hydrogen from cracking gas and steam by 8
two-stage process (20, 74, 115, 13}).

In the first stage, reaction between the gases takes place
at about 870° C. (1600° F.). The resulting mixture of hydro-
gen and carbon monoxide is further mixed with steam an -
conducted over a catalyst at about 455° C. (850° F.). By
this second step an additional supply of hydrogen is obtamn
by the conversion of carbon monoxide into carbon dioxide ac-
cording to the well-known water gas reaction:

CO + H,0 —> CO: + H:

At the end of these two stages the gaseous mixture Conménf
about 79 per cent hydrogen, 20 per cent carbon dioxide, an! e
per cent of other gases. Carbon dioxide is removed by 'coch
pressing the gases to a pressure of 240 pounds per square mt ;
followed by washing with water and then with aqueous
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ethanolamine. The final product contains more than 97 per
cent hydrogen and can be used in the hydrogenation of oils.
‘The hydrocarbon gases should be free of hydrogen sulfide,
or other sulfur compounds, which poison the catalysts. The
Jatter often consist of oxides of nickel, cobalt, iron, or alumi-
num, to which may be added activators, such as the oxides of
chromium, vanadium, or magnesium (65, 72, 84, 144).

NATURAL GAS

Natural gas, which may be regarded as gaseous petroleum,

consists primarily of methane, together with some ethane and
propane, small quantities of butane, pentane, and other
paraffins up to octane, and smaller proportions of carbon
dioxide, hydrogen sulfide, and (in exceptional instances)
helium, Natural gases are roughly divided into two classes,
“.wet” and ““dry”’ gases, the former containing a large propor-
tx_on of easily liquefiable hydrocarbons. Removal of these
higher paraffins from natural gas by (a) compression, (b) ab-
sorption in oil, or (¢) adsorption—e. g., with charcoal—yields
natural-gas gasoline. Before blending this product with other
motor fuels, it is subjected to stabilization or distillation
under pressure, by which propane and some butanes are ob-
tained. Natural gas is utilized primarily for the large-scale
production of carbon black.
_ It is evident from the preceding discussion that a chemical
industry dependent upon petroleum as a raw material is
becoming well established. With the large number of
possibilities offered by such a multitude of already available
substances, future developments may be even more surprising.
The chemistry of petroleum derivatives has indicated new
sources of hitherto unavailable industrial chemicals and
products.
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Gas FroM BrowN CoAvn Briquets Usep as Moror FuEL IN
GERMANY. Successful tests involving the generation of gas from
brown coal briquets are claimed to have been accomplished in
Germany. Considerable attention has been paid in the Reich
to the ;])ossibilit.y of gropelling motor vehicles with gases from
charcoal, wood, and brown coal briquets. Charcoal and wood,
especially the latter, have been used in Germany for this purpose
for several years. The various systems of apparatus, however,
which can only be applied to heavy trucks and buses, do not
seem to meet a recﬁl\ximments, and are not expected to gain much
more ground since the Diesel engine has entered this field.

The use of brown coal briquets has been considered by the
Rbenish brown coal industry and tests have been carried out by

the Institute for Coal Research. While the possibility of Usé’l‘fg
charred briquets found no more consideration, in view of the i,
ficulty in supplying sufficient quantities, attention was dll‘?c £
chiefly to inventing a system permitting the extraction o' &
from ordinary brown coal briquets. i

All requirements are said to have been fulfilled by the "to iz
struction of an apparatus having a fire zone which is fed from s
sides. This is effected by a main air nozzle and a subsxdlal'y'nrk_
zle, which later is placed on the walls of the fire zone. B{ “Ohsr
ing as an injector, the main nozzle is claimed to suck t efc
vapors and mix them with air, whereby the accumulation 0 Sa &
is prevented. Successful tests are reported to have been
with this apparatus on a 1.5-ton truck.
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Cement Compounds

R. H. Bocue Anp WiLLiaMm LERCH

Portland Cement Association Fellowship,
National Bureau of Standards, Washington, D. C.

This paper presenls the resulls of an investi-
gation on the reactions which take place when the
compounds of cement, individually and collec-
tively, are gaged with waler in proportions similar
fo those used with cements in concrele. There
have been studied the chemical nature of the reac-
tions of hydrolysis and hydration, the rale of the
reactions, the nature of the reaction producls, the
physical structure of the hardened specimens, and
the compressive strengths and other physical char-
acleristics of the malerials. A general theory
has been developed which permits an understand-
ing of the chemical and physical mechanism of the
hardening process. The effects of the aluminales
on the silicales is indicated both in the absence
and in the presence of a refarder.

HEN Portland cement is gaged with a sufficient
amount of water to form a plastic paste, it stiffens
: in the course of a few hours. This phenomenon
is spoken of as the initial set (2). Subsequently it becomes
hard, and more or less rapidly acquires marked resistance to
Tupture by either compressive or tensile stresses. A cer-
tain arbitrarily defined degree of hardness, sufficient to
bear & given light weight without indentation, is spoken of
83 the final set (2).

The hydrolytic reactions of the cement compounds in an
excess of water have been reported (14). In that investiga-
tion the products of the reactions were determined when a
condition of equilibrium had been attained. The reactions
that take place when a cement paste sets and becomes hard
may, however, attain a condition of arrested progress, or
apparent, equilibrium, long before true equilibrium is reached.
During the setting and hardening, several forces compete
for the available water—the physical forces of adsorption and
capillarity, and the chemical forces of hydrolysis and hydre-
tion. Furthermore, the reaction products of one compound
With water may greatly influence the nature or rate of t_;he
reactions of the other compounds with water, or the reaction
Products may themselves interact with other compounds in

€ system,

The chemical reactions which determine the setting and

dening of Portland cement can be more completely under-
stood through the examination of the behavior of the com-
pounds of the cement, individually and collectively, when
gaged with water in proportions similar to those used with
¢ements in concrete. That has been the objective in this
Ivestigation. Seven compounds that may occur In Port-
land cement have been investigated, individually, with and
Without gypsum, and in various combinations. The chemi-

Rorary Cement KLy

cal nature of the reactions of hydrolysis and hydration, the
rate of the reactions, the nature of the reaction products,
the compressive strength and other physical characteristics
of the materials have been studied.

The literature on the reactions of set has been reviewed by
one of the authors in a previous publication (5).

MATERIALS INVESTIGATED

The cement compounds used in this investigation were
those which comprise the major constituents of a well-
burned Portland cement clinker and, in addition, 5-3 cal-
cium aluminate, dicalcium ferrite, and gamma dicalcium
silicate. In the tables, abbreviations are used for the com-
pounds as follows:

Comrounps Nor Normarry Fouxn
1N PorRTLAND CEMENT
C:8 for ¥2Ca0 8i0O:
sA; for 5Ca0-3A1:0;
CsF for 2Ca0-Fe:0s

CeumeNT COMPOUNDS

Cs8S for 3Ca0:8i0:

g C:S for g 2Ca0-5i0:2

C3A for 3Ca0:ALO:

CYAF for 4Ca0-Al:0s-Fes0s

The materials used and the methods of preparation of the
caleium silicates, calcium aluminates, and dicalcium ferrite
were the same as those described in a previous report (14).
The compound 4Ca0-Al:OsFe;0; was prepared by heating
a mixture of calcium carbonate, alumina, and ferric oxide in
the correct proportion to 1350° to 1400° C. (2462° to 2552°
F.) for 3 hours.

‘All materials were ground to pass completely through the
No. 100 sieve and approximately 90 per cent through the
No. 200 sieve.

EXPERIMENTAL PROCEDURE

The compounds and mixtures of compounds were each mixed
rapidly with water. An amount of water equal to 50 per cent of
the weight of the cementing material (except as otherwise noted)
was measured out, and as much of this was mixed with the mate-
rial as was required to give a plastic paste. The paste was then
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placed to a depth of about 1!/, inches in shell vials, 4 X 15/;
inch, and the balance of the 50 per cent of water, if any re-
mained, was placed on top of the pastes in the vials. This total
water was considered from preliminary data to be sufficient to
hydrate completely the compounds present. The calcium alu-
minates, however, required somewhat more than that amount of
water to give a pfnstic paste. In those cases the required water
was used, but none was placed on top of the specimens. The
charged vials were stoppered and sealed with paraffin so that the
reactions with water could proceed unaffected by external in-
fluence, such as evaporation of water at the surface, carbonation
by reaction with the carbon dioxide of the air, or extraction by
storage water. All specimens were stored at room temperature
until tested.

The reactions were investigated by chemical methods to deter-
mine the rate of hydration and hydrolysis, and the composition
of the end products; by microscopic examinations to determine
the progress of the reactions and to identify the reaction products;
by x-ray examinations to assist further in the identification of the
products; and by physical tests to determine the cementing
properties of the various compositions.

Since the terms “hydrolysis” and “hydration’” are some-
times used interchangeably, it is desirable to define each.
By hydrolysis is meant such reactions of a compound (salt
type) with water that a part or all of the compound becomes
decomposed, either completely into the corresponding acid
and base, or incompletely to form an acid or basic salt or a
derivative of the same. Thus the complete hydrolysis of
3Ca0:-Si0; would give:

3Ca0-8i0; + XH.0 = 3Ca(OH). + Si0.-XH,0

The partial hydrolysis of 3Ca0-Si0; could give, for example,
2Ca0-8i0,XH.0, 3Ca0-2810,XH,0, or Ca0-SiO,XH.0
in addition to calcium hydroxide. In this paper the ‘“‘de-
gree of hydrolysis” refers to the percentage of complete hy-
drolysis as indicated in the above equation.

By hydration is meant the direct addition of the elements
of water as:

CaO + Hzo = Ca(OH)z
or 3Ca0-ALO; + XH.O0 = 3Ca0-AlL0;XH.0

The extent of hydrolysis of the caleium silicates studied
was determined by an indirect method. Since the hydroly-
sis of the calcium silicates involves the liberation and erys-
tallization of calcium hydroxide, the rate and extent of hy-
drolysis may be determined by measuring the amount of
calcium hydroxide produced at any given time period. This
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was done by an application of the ammonium acetate method
for the determination of uncombined lime (13). It was
found, however, that the calcium hydroxide crystals were
difficultly soluble in the reagents used. Therefore the cal-
cium hydroxide was converted to the oxide by heating to a
temperature somewhat above 530° C. (986° F.), the disso-
ciation temperature of calcium hydroxide, for one hour. The
hydrated calcium silicate residue was found not to be disso-
ciated by this treatment. The lime resulting from the disso-
ciation of calcium hydroxide could then be determined readily.

The above procedure could not be applied to the compounds
containing alumina. When the hydration products derived
from 3Ca0-AlLO; 5Ca0-3A1,05, or 4Ca0-AlO;Fe0; are
heated to 400° C. (752° F.) or above, they break down with
the liberation of calcium oxide. This has been found to be
due to the formation of tricalcium aluminate hydrate when
any of those compounds are treated with water, and the sub-
sequent breakdown of that hydrate, on heating to 400° C.
to form anhydrous 5Ca0-3Al:0; and lime. The evidence
for the hydration in that manner of these calcium aluminates
will be given later. The decomposition of the tricalcium
aluminate hydrate at 400° C. to 5Ca0-3A1,0; and lime was
demonstrated by both microscopic and x-ray examination,
and the amount of lime formed during the heating indicates
that the reaction proceeds practically to completion (20).

Because of the above reactions the extent of hydrolysis
of the calcium silicates could not be determined in the pres-
ence of any of the alumina-containing materials.

The loss in weight obtained on heating to 1000° C. (1832°
F.) a sample of the material which previously had been pul-
verized and dried at 105° C. (221° F.) for 24 hours is referred
to in this paper as fixed water. The value obtained is not
to be regarded as the total combined water of the sample,
for it is probable that much of the water driven off at 105° C.
is in some form of combination.

In some cases the fixed water of hydration was determined
by noting the difference between the fixed water and the
water of hydrolysis, which in this case is assumed to be the
water combined as calcium hydroxide alone.

The heat treatment at 105° C. for 24 hours is sufficient to
convert the gypsum almost, if not completely, to the anhy-
drous calcium sulfate (16).

Microscopic examinations of the hydrating materials were
made at the end of 1, 3, 6, 12 months, and 2 years.

TaBLE I. Hyprorysis or CALCIUM SILICATES
CoMPOUND 1 Dax 3 Days 7 DAays 28 Days 3 Mo. 6 Mo. 1 Yr. 2 Yr.
CsS CaO in the form of Ca(OH):, % 11.3 15.2 17.2 18.0 18.1 19.3 19.1 19.2
Hydrolysis, % 15.5 20.8 23.5 24.7 24.8 26.4 26.2 26.3
B CS Ca0 in the form of Ca(OH):, % 0.1 0.1 0.2 0.5 0.5 0.3 0.8 0.6
Hydrolysis, % 0.1 0.1 0.3 0.8 0.8 0.5 0.9 0.9
v C:S Ca0 in the form of Ca(OH):, % 0.1 0.1 0.1 0.1 0.1 0.3 0.3 0.3
Hydrolysis, % 0.1 0.1 0.1 0.1 0.1 0.5 0.5 0.5
TasLe II. Fixep WATER oF CEMENT CoMPOUNDS CALCULATED AS PERCENTAGE OF ORIGINAL ANHYDROUS MATERIAL
Coxt- Gypsunm e
POUND AppED 1 Day 3 Days 7 Days 28 Days 3 Mo. 6 Mo. 1Yr 2 YR.
%
CsS 0 Fixed water 8.6 10.3 1205 14.6 15.2 15.0 19.0 18.6
Water in Ca(OH): 3.6 4.9 5.5 5.8 5.8 6.2 6.1 6.2
Fixed water of hydration 5.0 5.4 6.5 8.8 9.4 8.8 12.9 12.4
Same caled. to silicate residue 5.6 6.4 7.9 10.8 116 10.9 15.9 15.4
5 Fixed water 11.7 11.8 12.9 15.0 15.9 15.1 19.2 18.9
8C:S Fixed water 0.8 12 1.7 3.4 8.9 10.8 12.2 12.1
Water in Ca(QOH): 0.1 0.1 0.1 0.2 0.2 0.1 0.2 0.2
Fixed water of hydration 0.7 1.2 137 3.2 8.8 10.7 12.0 11.9
Same caled. to silicate residue 0.7 1.2 1.7 3.2 8.8 10.7 12:1 12.0
5 Fixed water 1.2 1.4 1.8 3.8 7.0 8.7 11.2 11.6
vy C:S 0 Fixed water 0.4 0.4 0.5 1.0 1.3 1.9 2.4 3.4
5 Fixed water 1.0 1.1 1.8 1.5 2.4 3.2 3.9 5.0
CsA 0 Fixed water 30.2 31.4 32.4 34.9 36.7 36.2 36.9 38.5
15 Fixed water 25.8 27.6 29.3 20.6 32.7 32.3 35.5 39.0
CsAs 0 Fixed water 32.5 35.6 35.4 35.5 36.8 37.1 40.7 40.7
15 Fixed water 27.1 29.8 28.4 34.0 36.4 32.8 37.2 37.8
C:F 0 Fixed water 5.7 5.9 5.7 5.8 6.2 6.6 7.1 z:0
5 Fixed water 9.4 5.0 9.2 10.4 11.0 12.7 13.6 14.1
CiAF 0 Fixed water 25.7 28.7 27al, 27.9 28.7 28.8 29.4 30.1
15 Fixed water 22.0 23.5 24.0 25.8 30.4 30.0 31.6 31.9
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X-ray diffraction patterns (powder method) were obtained
and compared with patterns of the anhydrous compounds
which previously had been studied (6). By this proce-
dure it was possible to demonstrate the presence or ab-
sence of unhydrated compounds.

Tests of compressive strength of the neat materials were
carried out as follows:

The glass around the specimens was broken away, the cylinders
were placed in a clamp, and the ends were ground down to give
a cylinder one inch long. These were then tested for compressive
strength in duplicate at the ages of 1, 3, 7, 28 days, 3, 6, 12 months,
and 2 years. Where the values obtained on duplicate specimens

differed by more than 10 per cent, a third specimen was broken.
The results given in the tables have been calculated to pounds
per square inch.

The time of set and soundness (2) were determined with
neat pats of the pure materials and with the same to which
5 per cent of gypsum had been added. The normal con-
sistencies (2) were not determined, but the amount of water
used in each case for these tests was the least quantity prac-
ticable for the preparation of a good pat and is indicated in
the tables.

CALCIUM SILICATES

Hyprovysis, The data obtained on the hydrolysis of the
silicates by measuring the calcium hydroxide produced are
given in Table I. In one day the tricalcium silicate had
become about 15 per cent hydrolyzed (that is, the reaction,

3 Ca0-8i0; + XH:0 = 3 Ca(OH); + Si0»XH:0

had proceeded 15 per cent towards completion) leaving a
hydrated amorphous material of lower basicity than the origi-
nal 3Ca0-Si0,. At 7 days the value of the hydrolysis had
reached 23 per cent, and at 6 months, 26 per cent. After
6 months no further hydrolysis was observed up to 2 years.

The rate of hydrolysis of the dicalcium silicates was ex-
ceedingly slow. Scarcely over 0.1 per cent was hydrolyzed
at one day. The beta dicalcium silicate was still under one
per cent hydrolyzed at the end of a year and had advanced
no farther at 2 years. The gamma dicalcium silicate was
only 0.5 per cent hydrolyzed at 6 months and remained in
that condition up to the 2-year period.

A microscopic examination of the tricaleium silicate hy-
drate at one month showed only a few grains of the original
material, and at 3 months none of the anhydrous silicate
could be found. The products were crystalline calcium hy-
droyide and an amorphous calcium silicate. Some of the
crystals of caleium hydroxide were large enough to be
identified by index determinations, but the greater number
of them were present as extremely fine crystals dispersed
through the amorphous material.

In the case of the hydrated dicalcium silicates, however,
an abundance of unaltered beta or gamma material was
found, even at the end of 2 years, by both the microscopic
and the x-ray methods. Only traces of caleium hydroxide
were found, and no other crystalline phase was observed.

These results on hydrolysis confirmed by further tests
(not here recorded) indicate that the hydrolytic reactions do
not proceed so far in pastes which are allowed to set to he.lrd
bodies as in powdered compounds that are held in suspension
in large excesses of water. Previous studies (14), in which
large excesses of water were used, have shown that the tri-
calcium silicate gives rise to a growth of crystals of calcium
hydroxide within 24 hours and that hydrolysis continues
until the composition of the residue is close to 3Ca0-28i0..
The dicalcium silicates also were found to produce crystals
of calcium hydroxide in 10 to 12 weeks and, somewhat more
slowly than the tricalcium silicate, to approach the same
composition of residue.
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In the cement pastes reported in this investigation, how-
ever, the hydrolyses have advanced only a part of the dis-
tance to the above equilibrium composition. For the con-
version of 3Ca0-Si0. to the composition 3Ca0-28i0,, 36.5
per cent of lime would be released to form calcium hydroxide
and the percentage hydrolysis would be 50. For the con-
version of 3Ca0-Si0, to the composition of 2Ca0-8i0,, 24.3
per cent of lime would be released, and the percentage hy-
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Figure 1. PercentaGE oF Fixep WATER IN CoMBINA-
riox wiTH Pure CoMPOUNDS
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drolysis would be 33.3. The figures obtained (Table I)
show but 19.3 per cent lime as calcium hydroxide, equivalent
to 26.4 per cent hydrolysis, after 6 months with no further
change at 2 years. Thus the tricalcium silicate, in the pastes
used, hydrolyzed to a composition somewhat more basic
than 2Ca0-S8i0»XH:0, an amount only 53 per cent of its
equilibrium value (. e., 3Ca0-2510,-XH,0) based on the
above assumptions. In a similar way it was shown that the
beta dicalcium silicate hydrolyzed to only 3.7 per cent of its
equilibrium value in 2 years.

HypratioN. Thedata on fixed water of hydration are given
in Table ITand Figure 1. The tricalcium silicate has taken up
in some form of fixed combination over 8 per cent of water in
one day and 19 per cent at the end of a year. When the
amount of water combined in these samples as calcium hy-
droxide, shown in the second line of Table II (calculated from
the data in Table I) is subtracted from the total fixed water,
the values given in the third line are obtained. These values
represent the fixed water of hydration in combination with
the calcium silicate residue; they are recalculated in the
fourth line to show the percentage of fixed water of hydra-
tion on the basis of 100 per cent silicate residue. That is,
the lime which has been broken off by hydrolysis, and is thus
combined as calcium hydroxide, is subtracted from the origi-
nal weight of calcium silicate. The difference is referred to
as silicate residue. The water combined with this residue
divided by the weight of the residue, multiplied by 100,
gives the values of the fourth line. These values increase
from 5.6 per cent at one day to 15.9 at one year.

Beta dicalcium silicate hydrated very slowly. At the end
of one month the grains appeared only slightly etched with
an amorphous layer forming around the edges. At the later
periods the amount of amorphous material increased and the
amount of unhydrated beta dicalcium silicate decreased, but
at the end of 2 years there still remained a large amount of
the unhydrated material. Not more than a trace of calcium
hydroxide could be identified in these samples and no other
new crystal phase appeared.

The amount of water combined with the lime in the hy-
dration products of the beta dicalcium silicate is almost neg-
ligible. In the case of this silicate the amount of water ac-
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TasiE III. ComprEssIVE STRENGTH OF CEMENT COMPOUNDS
(Calculated from cylinders /14 X 1 inch)
Gyp- Mix- ToTAL

CouM- BUM ING WATER CompRrESSIVE STRENGTHS (AVERAGE oF Two SpeciMENs ONLY)

POUND AppED WATER Usebp 1 day 3 days 7 days ays mo. 6 mo. 1yr. 2 yr.
% % % Pounds per square inch

CiS 0 35 50 1450 2800 5960 7100 7100 9690 10,300 11,300
5 35 50 1770 2780 5830 6760 6330 8700 9,800 11,300
B8 C:8 0 30 50 0 60 140 910 5160 7560 10,250 14,350
5 30 50 0 90 220 1200 3900 7700 9,800 12,600
v C.8 0 50 50 0 15 15 40 70 100 130 330
5 50 50 0 15 15 40 60 140 190 480
CiA 0 60 60 30 170 250 800 670 890 1,090 800
15 60 60 600 900 1000 1580 1280 1770 1,320 1,330
CsAs 0 70 70 680 930 1620 1900 2000 1910 2,020 1,900
15 70 70 1480 1670 R 1860 1860 1970 2,090 2,000
C:F 0 30 50 0 0 0 0 0 0 0 0
5 30 50 0 0 0 0 0 0 0 0
CiAF 0 50 50 0 300 290 360 380 580 850 720
15 50 50 20 390 440 720 1110 1330 1,420 1,500

tually in fixed combination with the gel was 0.7 per cent at
one day and 12 at one year. Up to ages of 3 months, more
water was in fixed combination with the silicate residue from
the tricalcium silicate than with that from the dicalcium
silicate. But after 6 months the fixed water in the latter
became nearly as great as that in the former.

Gamma dicalcium silicate was only slightly hydrated at
the end of 2 years. This hydration was observed as an etch-
ing of the grains with the formation of amorphous material
along the edges of the crystals.

An examination of the hydrated calecium silicates which
remained following the reactions with water indicated that
they were quite amorphous. The index of refraction was
not constant but appeared to vary with the method of dry-
ing. Since some investigators (7, 18) have reported that
fine needle-like crystals are produced on the hydration of
the calcium silicates, a special search was made for such
crystals, using a paraboloid condenser with a dark-field il-
lumination. The calcium silicates used throughout this
study were examined and also a number of samples especially
prepared on glass slides. These samples, mixed with various
amounts of water, were allowed to hydrate on the slides for
periods of 7 days to 4 months. In no case could any hy-
drated crystalline caleium silicate be found.

The x-ray diffraction patterns of these hydrates showed
no lines to indicate a new crystalline structure of the hydrate
at any age up to 2 years.

AcrioN oF Gypsum oN CArcrum SiuicATEs. When 5 per
cent of gypsum is added to the calcium silicates, the rate of
hydration is somewhat accelerated, especially during the
first few days. This rela-

strengths of the same general order at one year. The gamma
dicalcium silicate remained soft and weak at all ages up to 2
years. These data are plotted in Figure 2.

TasLeIV. TiME oF SET BY GILLMORE NEEDLES AND SOUNDNESS
oF CemeNT COMPOUNDS

Coxm- GypsuM  WATER INITIAL Finan STEAM
POUND ApDpED Usep Ser SET TEest
% % Hours Hours
CsS 0 ' 30 3.7 6.0 0K
5 30 4.2 8.0 0K
C:S 0 22 4.7 24.0 0K
5 5 22 4.5 24.0 OK
v CiS 0 Does not set
5 Does not set
CsA 0 Not determinable it
15 45 2.3 6.0 OIE
CsA 0 45 0.1 0.3 0K
bt 15 45 0.1 0.3 %ka ;
C:F 0 20 0.3 1.0 ake
5 20 0.5 6.0 Oﬁ
CiAF 0 43 0.1 0.3 0
: 15 43 175 2.8 OK

The addition of 5 per cent of gypsum somewhat retarded
the initial set of the 3Ca0-SiO, and improved its one-day
strength but showed no certain effect on the strengths at
later ages.

Tt will be recalled that these specimens were protect_ed
from the air; hence the setting and hardening were not in-
fluenced by the carbon dioxide. Richardson (17) had sug-
gested that carbon dioxide is necessary to the hardening of
beta dicalcium silicate. e

The observations described above bring out some indica-
tions of special interest:

compressive
strglrzgthls:hgevebpeg by the

tion is shown in Table IIL

CEMENTING PROPERTIES. caleium silicates Oé I;g}:‘ljzrﬁ%
The results obtained on the (oogo, girgggtcge%e;rk}; e
coxgxpressive t.fstrengths ind 20001 Giiatithe couoig,,,tl fﬁli;u?s]
other cementing properties silicate hydrate, but ther
of the neat cylinders 8000t iwge iqgication g};;;tt(ruizlgtﬁnel

e ma

(Table_s III and IV) agree sl sgmgvxllmt - tgestrength‘! de-
well with results previously ¢ Foca0si0 ERIST ;
obtained by Bates and & so0o (2) The strength in:
Klein (4). Tricalciumsili-  ° creases_ are not, pr(%pg}r;mﬁ’
cate was found to set in a et ko thes?l‘i’;?ftg;y??r $he 2Ca0-
manner similar to normal § 4000 g‘:g:’ h;rdrolyz’es only sljghgly
Portland cement and to  § up to 1 or 2 years but d&
give good compressive 812000 :jelops high strength in that
strengths at early ages. o 504034405 m(lg) Thestrengthincr?“se?
The strength increased it are ‘ot strictly l:opomonnr
slowly after 28 days. The {000 4Ci0AZ 057505 to the total com _u:uadfvmt 2
beta dicalcium silicate had o = : ‘ orlwater 91f' hﬁ;‘fﬁ%‘:\; l;’; i
- : 7 28 90 780 360 calcium silicates 8
; er{ lo;v strength at 7hdiis, O e preciable change in thete ;

ut after a mont & Ficure 2. CouparisoN oF COMPRESSIVE STRENGTHS OF water or the fixed water

strength increased steadily,
the two silicates having

Cement ComMpoUNDS
(In pounds per square inch)

dration between 1 an
l;jerar:, ivherea.s the strengths,
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especially of the 2Ca0-Si0,, increase during that period. During
the earlier periods, however, there is some similarity between the
rate of development of strength and the water of hydration of the
two calcium silicates.

It seems probable that the strength which may be de-
veloped by the colloidal silicate hydrate is determined by
the structure and the nature of hydration of the gel. The
structure is established by the fineness of the original solid
phase and the amount of water present in the paste at the
time of set. The density will increase and the pore space
of the pasts will decrease as the fineness is increased and the
watu?t content decreased. Greater compressive strengths
result,

Some unpublished data from this laboratory have revealed
something of the nature of the hydration of the calcium
silicate grains. When water comes in contact with the
gramn, a film of hydrated calcium silicate is formed. Further
h)’dra!;lon of the inner portions of the grain can then be ac-
complished only by the passage of water through the mem-
brane or the reaction of the unhydrated, or lesser hydrated,
material with water which already is combined near the sur-
face as more highly hydrated silicate. Thus it appears that
the're may be a gradation in degree of hydration of a given
grain from highly hydrated material at the surface to un-
hydrated crystals or partially hydrated amorphous material
towards the center of the grain. A condition may obtain
between two given time periods during which no appreciable
ch_ange has occurred in the total combined water (water re-
tained at 105° C. or 221° F.) but pronounced changes have
oceurred in the distribution of the remaining water (water
liberated at 105° C.). At the earlier time the water may
have been combined ‘as a highly hydrated product near the
surface of the grain and a slightly hydrated product at the
center. At the later time the water may have penetrated

eeper, leaving the entire grain in a more uniform state of
Ydl‘at.lon. Such a withdrawal of water from the surface
to the interior also would make the bond between grains more
rigid and probably result in greater strengths but would not

Indicated by changes in the fixed water of hydration or
Wwater of hydrolysis,

b Although the data obtained in the present study do not
ear directly on the above hypothesis, it is felt that they
Str?ngthen the viewpoint that the compressive strength
vhich may be developed by the calcium silicates is deter-
Emed by the structure and the nature of the hydration of

e colloidal calcium silicate gel.

CALCIUM ALUMINATES

Tae Paste. Tricalcium aluminate, by itself and with
10 per cent added lime, reacted vigorously with water, pro-
ducing a rapid rise in temperature until the paste was steam-
ing hot. This resulted in considerable drying, owing to loss
of water as steam, and was accompanied by a flash set, but
on the addition of more water and rapid working the paste
became plastic and did not again assume a rapid set (4).
In these cases the amount of water present with the material
when placed in the vials was 60 per cent, as determined by
ignition loss.

Tricalcium aluminate with 15 per cent .of added gypsum
acted very differently; there was only a slight rise in tempera-
ture, the addition of 60 per cent of water produced the de-
sired plasticity, and there was no evidence of a flash set.
The paste worked very much like the calcium silicates.

The 5-3 calcium aluminate required 70 per cent of water.”
This paste stiffened rapidly and gave only a slight rise in
temperature. The addition of 15 per cent of gypsum pro-
duced no noticeable change in the rate of set of this compound.

HypratioN. The aluminates hydrated very rapidly as
shownin Table ITand Figure 1. At one day the fixed water of
the tricalcium aluminate had reached about 30 per cent.
This increased to 35 per cent at one month and 38 per cent at 2
years. The values obtained for the 5Ca0-3A1,0; were of
the same order. In both cases the anhydrous phase could
no longer be identified at the end of one month. The addi-
tion of 15 per cent of gypsum reduced the percentage of fixed
water about 5 per cent with both aluminates at one day, and
a somewhat lesser amount at later ages.

The product of hydration of the tricaleium aluminate was
composed of fluffly aggregates of very fine crystalline grains
of poor definition. These aggregates were isotropic, having
a definite index of refraction of 1.605 = 0.003. XKlein and
Phillips (8) allowed an excess of water to react with tricalcium
aluminate on a microscope slide. Under those conditions
they found the hydrated material to consist of hexagonal
birefracting plates having refractive indices (3) of wp 1.520
= (.003 and ep 1.504 = 0.003. In the neat pastes used in
the experiments reported here, only a few such birefracting
plates were found.

Thorvaldson, Grace, and Vigfusson (20) found that, when
tricalcium aluminate is hydrated in water at room tempera-
ture, or hydrated in steam at 150° C. (302° F.), an isotropic
hydrate is formed having the composition 3Ca0-ALO;-6H-0.
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A hexagonal hydrate containing a larger amount of water
of crystallization could be formed at lower temperatures
but tended to revert to the isotropic form. The hydrate
obtained in this study was identified as 3Ca0-Al,036H.0.

FurnAces FoR THE EQUILIBRIUM STUDY OF
CemenT COMPOUNDS

The chemical nature of the isotropic grains was investigated
by several means. The x-ray diffraction pattern showed a
well-developed crystalline structure indicated by a number
®f strong lines. This pattern did not contain either the
lines characteristic of unhydrated tricalcium aluminate or
5-3 calcium aluminate, or the lines of calcium hydroxide.
However, the pattern obtained with the hydrated tricalcium
aluminate, following heating to 600° C. (1112° F.) for an hour,
showed that it had been converted to anhydrous 5-3 calcium
aluminate and lime.

The absence of aluminum hydroxide in the hydration prod-
uct of tricaleium aluminate was assumed by noting the solu-
bility in dilute hydrochloric acid. The isotropic crystals
dissolved completely. The product of hydration from the
5-3 calcium aluminate, however, gave by this test an amount
of aluminum hydroxide which was nearly equivalent to that
which would be liberated by the reaction:

3(5Ca0-3A1,0;) + XH,0 = 5(3Ca0-Al,05 X H.0) +4AL,0; XH,O

The x-ray pattern obtained on hydrated 5-3 calcium alumi-
nate was identical with that of hydrated tricaleium aluminate
except that the lines of hydrous alumina were present.

Some authors have suggested that, when tricalcium alumi-
nate is hydrated in the presence of a saturated solution of
calcium hydroxide, a tetracalcium aluminate is formed.
Kuhl and Thuring (9) held that view, and Lafuma (10) con-
cluded that in the hydration of tricalcium aluminate two new
hydrated phases are formed—a hydrated tetracalcium alumi-
nate and a hydrated dicalcium aluminate. He believed
these to be formed in equal amounts and to coexist in equilib-
rium with each other. Lafuma considered the hydration
product of 5-3 calcium aluminate to be essentially dicalcium
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aluminate with a small amount of hydrous alumina, in ac-
cordance with the reaction,

2(5C&O3A1203) + XH;O — 5(2CQ.OA1203) + AlerXH:O

but the insoluble alumina, as noted above, greatly exceeds
the amount that would be obtained by this reaction.

The possible formation of the tetrabasic and dibasic com-
pounds were considered in this investigation. A mixture
was prepared of tricalcium aluminate with 10 per cent of
lime. This was somewhat less than the theoretical amount
of lime which would be required for the complete conversion
of the tricalcium aluminate to hydrated tetracalcium alumi-
nate. After 2 years no new phase was found by either mi-
croscopic or x-ray methods, but calcium hydroxide could
readily be observed.

Thus by chemical, microscopic, and x-ray evidence, there
appears to be but one product, crystalline isotropic hydrated
tricaleium aluminate, 3Ca0-AlQy-6H:0, formed on the hy-
dration of tricalcium aluminate under the conditions of these
experiments. The hydration of the 5-3 calcium aluminate
appears to produce the same compound—i. e., hydrated tri-
caleium aluminate, with the additional formation of hydrous
alumina. The amount of this alumina formed is about th.e
amount which would be required for such a reaction but is
greatly in excess of that which would be produced if 2Ca0
AL:O; and hydrous alumina were formed, as suggested by
Lafuma.

Acriox oF Gypsum oN Carcrum AvuvaiNares. The hy-
dration products of the calcium aluminates with add_ed
gypsum contained the isotropic aggregates as in the material
without gypsum. Neither gypsum nor calcium sulfoalumi-
nate was identified by x-ray or microscopic methods. It
has been found difficult, however, to obtain a satisfactory
x-ray pattern of calcium sulfoaluminate in the presence of
3Ca0-ALO; hydrate, and it has been shown (12) that calcium
sulfoaluminate may develop in a submicroscopic form, mak-
ing microscopic identification impossible. In order to &
certain if the latter had occurred in this instance, samples &t
one year were pulverized and placed in distilled water. After
a week the solution was filtered off and found on analysis t0
contain 0.006 per cent sulfur trioxide, a value which repre-
sents approximately the solubility of calcium sulfoalun}mz}te.
The solubility of gypsum is about 0.1 per cent sulfur 1_;r10x1de-
The fact that the tricalcium aluminate, hydrated with gyP-
sum, gave on treating with water a solution with & sulfur
trioxide concentration equivalent only to that of the calcium
sulfoaluminate, indicates that the latter compound Was
probably formed even though its presence could not be dem-
onstrated by microscopic means. Y

It appears that the marked influence of gypsum 1 retard-
ing the set of tricalcium aluminate is due to the de.:velopﬂ}e.ﬂt'
of caleium sulfoaluminate. Because of the high 1nsolul3111t)
of that compound, a large part of the calcium alununaﬁ?
which enters the solution is withdrawn from it. That process
continues until the sulfate ions have been exhausted and s0
delays the development of the crystalline hydrated tricalcium
aluminate. s

The failure of gypsum to retard the set of 5-3 calcium & lt]a
minate may be explained on the basis of the relative AmoUES:
of lime and alumina that enter into solution. It previousy
has been shown (12) that the rate of formation of cz.zlcmﬂ;
sulfoaluminate increases with increasing concentration 0
calcium hydroxide in the solution. But a larger amount Ot
calcium hydroxide (a higher pH) is formed in & solution ?n
equilibrium with 3Ca0-Al,O; than in a solution at Cthb?um
with 5Ca0-3A1,0; (14). Also, the alumina liberated Win
the 5Ca0-3A1,0; may tend to keep the pH of .the solutll‘)’.l o
a sufficiently low range so that the formation of calct
sulfoaluminate will be retarded.
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CeMENTING ProPERTIES. The compressivestrengths of the
calcium aluminates were low (Figure 2). Tricalcium alumi-
nate in the absence of gypsum developed a strength of about
1090 pounds per square inch at a year, while with 15 per cent of
gypsum a strength of 600 pounds was reached in one day and
1770 pounds in 6 months. The 5-3 calcium aluminate de-
veloped slightly greater strengths than the tribasic com-
pound. Without gypsum it rose from 680 pounds at one day
to 2020 pounds at a year. With 15 per cent gypsum the
values were 1480 pounds at one day and 2090 pounds at one
year.

Compounps CONTAINING FERRIC OXIDE

TrE Paste. The dicalcium ferrite required about 30 per
cent of water to form a plastic paste, but no stiffening or tem-
perature changes were observed.

The compound 4Ca0-Al,05Fe,0; required 50 per cent of
water, and the mixture became somewhat granular because
of agglomeration into balls. These appeared to hydrate
rapidly on the exterior with the formation of an impervious
layer which hindered the further penetration of water. There
was a pronounced evolution of heat but not sufficient to cause
steaming. In this respect the compound was similar to the
5-3 calcium aluminate. With the addition of gypsum the
compound still required 50 per cent of water, but the mixture
was smooth and there was no agglomeration. The paste
showed a decided tendency to stiffen rapidly, but the evolu-
tion of heat appeared to be somewhat delayed.

Hypration. The dicalcium ferrite was found to hydrate
only to a limited degree; even after 2 years only 7 per cent
of water had entered into fixed combination with the ferrite,
and a large amount of unhydrated material remained. Both
microscopic and x-ray examinations indicated that the hy-
drate which is formed is amorphous. The refractive index
was found to be about 1.70.

It seems probable that the product of hydration of di-
caleium ferrite is an amorphous dicaleium ferrite hydrate.
The evidence is not direct; but is based on the following con-
siderations: If there were formed some hydrated calcium fer-
rites more basic than dicalcium ferrite, they probably would
be decomposed on heating to the temperature of dehydration
(600° C. or 1112° F.) since no anhydrous calcium ferrites
more basic than the dicalcium ferrite are known to exist (19).
The breakdown of such polybasic ferrites would result in
the liberation of some lime. When the product of hydration
pf the dicalcium ferrite was heated to dehydration and exam-
ned, no uncombined lime could be found. If hydrolysis
oceurred, on the other hand, with the formation of a less
basic calcium ferrite, calcium hydroxide would be formed as
the other end product. Calcium hydroxide could not be
found in the hydration product, however, by either micro-
Scopic or x-ray examinations, or by an uncombined lime de-
termination of the dehydrated material. The molar con-
centration of water contained in this hydrate cannot be de-
termiped at the present time because the reaction, which has

een I progress for 2 years, is still far from complete.

The compound 4Ca0-Al:05Fe,0s hydrated rapidly, and
at the end of one month the anhydrous phase had disappeared.

he compound absorbed in fixed combination about 25 per
cent of water in one day; this increased slightly, reaching
29 per cent at one year (Figure 1).

The hydrated product of the 4Ca0-Al:OyFe:0; consisted
of a crystalline phase and an amorphous phase. The crystal-
line material was isotropic and had an index of refraction of
1.640 £ 0,005, somewhat higher than that (1.605 = 0.003)
obtained for the tricalcium aluminate hydrate. The X-Tay
diffraction pattern, however, appeared to be identical with
the pattern obtained with the tricalcium aluminate hydrate.

t seems from this information that the crystalline hydration
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product of 4Ca0-Al,0;Fe.0; is essentially tricalcium alumi-
nate hydrate since identical x-ray patterns, without shift in
position, indicate identical compounds. The raised indices
are probably due to some of the hydrated, amorphous ferric
oxide-containing material adhering to the surface of the
crystals.

The amorphous phase formed on the hydration of 4CaO-
Al,OyFe,0; has not been identified. The material is of red-
dish brown color because of the presence of the iron com-
pound. If the crystalline hydration product is hydrated
3Ca0-Al0;, the composition of the residue will be one mole
each of lime and ferric oxide. Since no crystalline caleium
hydroxide has been observed in the hydration products of
4Ca0-Al,05Fe;0; and the x-ray pattern shows no evidence
of the presence of hydrous ferric oxide, it seems probable
that the residue consists of hydrated amorphous monocal-
cium ferrite.

Acrion oF GypsuMm oN CompPoUNDS CONTAINING FERRIC
Oxme. The addition of gypsum to the dicalcium ferrite
resulted in an increase in the rate of hydration. The amount
of fixed water was increased at all ages, and ‘the rate with
which the unhydrated material disappeared from the speci-

=%
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mens was accelerated. In the neat pastes, however, no new
compound could be found which might aid in an understand-
ing of the accelerated hydration of the dicalcium ferrite. In
order further to study the reaction, a small quantity of di-
calcium ferrite was placed in a large excess of calcium sulfate
solution. After a year a new crystalline phase was found
to be present which did not occur when the dicalcium ferrite
was placed in water. These crystals were short, broad,
hexagonal, colorless prisms, indices & = 1.486 = 0.003, v =
1.492 = (0.003, parallel extinction, positive elongation, and
uniaxial positive. These optical properties agree very well
with those of the crystals observed by MacIntire and Shaw
(15) to which they assigned the composition 3Ca0-Fe,Oy:-
3CaS0,XH,0. The similar erystals obtained in this study
have not been sufficiently free from other products to war-
rant a chemical analysis, but the similarity in optical proper-
ties suggests that they may be the same as those reported by
MacIntire and Shaw. The above formula was assigned by
those authors by analogy with 3Ca0-Al,0:-3CaSO4XH,0,
but no analyses could be made by them because of contami-
nation with unreacted ferric oxide. Hence the exact com-
position is unknown.

It is probable that this compound, which will be referred
to as calcium sulfoferrite, has formed also in the neat pastes.
It appears, therefore, that the more rapid hydration of the
dicaleium ferrite in the presence of gypsum may be asso-
ciated with the formation of finely crystalline calcium sulfo-
ferrite.

The addition of gypsum to the 4Ca0-ALO;Fe.0; resulted
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in a decrease in fixed water for one month, beyond which time
there was a slight increase. That is about the effect that
would be anticipated if it were postulated that the 4CaO--
Al,O3Fe,0; on hydration broke down into tricalcium alumi-
nate hydrate and a calcium ferrite hydrate. It is recalled
that gypsum retards the hydration of the 3Ca0-Al,O; but ac-
celerates the hydration of the 2Ca0O-Fe,0;. The order of
values obtained when gypsum is added to 4Ca0-Al,OsFe:0;
is intermediate between those obtained with the above two
compounds.

CeEMENTING PrOPERTIES. Dicalcium ferrite stiffened suf-
ficiently to support the needles, indicating an initial and final
set, in a short time. The pat, however, did not harden and
the material failed to develop any appreciable strength at
any age.

The addition of gypsum to the 4Ca0-Al;O5Fe.O; retarded
the initial and final set of that compound. In the absence
of gypsum a compressive strength of 650 pounds per square
inch was obtained at one year, and in the presence of gypsum
the compressive strength was raised at all ages, reaching
1420 pounds per square inch at one year. It appears prob-
able that the increased strength of the 4CaO-AlO;Fe.0,
in the presence of gypsum may be associated with the forma-
tion of calcium sulfoferrite and calcium sulfoaluminate.

MIXTURES

GENERAL ReEvations. The properties of mixtures of the
cement compounds in the absence of gypsum in most cases
represented the mean of the properties of the compounds
which they contained. The addition of gypsum tended
generally to retard the evolution of heat and to reduce the
amount of water necessary to form a plastic paste.

The times of set (Table V) were not materially altered by
the addition of gypsum to mixtures of the silicates or of the
silicates with 5-3 calcium aluminate. The initial set was
retarded, but the final set was accelerated by the addition
of gypsum to mixtures of the silicates with 3Ca0-Al,Os and
4Ca0:Al,03Fe;0;.  The final set was likewise accelerated,
but the initial set was unaffected, by the addition of gypsum
to a mixture of the silicates with 2Ca0-Fe,0s.

A few of the pats from compositions containing ferric oxide
which showed an abnormally slow final set did not pass a
satisfactory steam test. The pats, however, were not un-
sound in the true sense of the term; their condition was due
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rather to the abnormal set (11). The surface of the pats
had dried and carbonated sufficiently to form a dense outer
shell while the interior of the pat had not set. In the steam
test this outer shell chipped and cracked, and the interior of
the pat became honeycombed. With the addition of gypsum
these same compositions gave satisfactory pats.

TABLE V. TimMe oF SET BY GILLMORE NEEDLES AND SOUNDNESS
OF MIXTURES

Compo- Gypsum  WATER INTTIAL FiINAL STEAM

SITION ADDED ADDED Ser ET Test
%o % % Hours Hours

CiS 50} 0 25 3.9 6.3 OK
£C:S 50 5 25 3.9 6.3 OK
CiS 42.5 0 28 1.5 24.0 Flaked
BCsS 42.5
CiAF 15.0 5 26 3.5 5.8 OK
C:S  42.5 0 27 5.5 24.0 Flaked
BC:S 42.5
C:F 15.0 5 27, 5.5 8.0 0K
CisS 42,5 0 32 0.4 6.3 OK
BC:S 42.5
CiA 15,0 5 29 3.0 5.5 OK
CiS  42.5 0 28 0.2 1.3 OK
BC.S 42.5 :
CsAs 15.0 5 26 0.2 1.3 OK
CsS 50} 0 38 5.3 9.3 0K
v C:S 50 5 37 5.0 9.0 0K

The identification of the hydration products from the mix-
tures and laboratory cements was difficult because of the
heterogeneous mixture of crystalline and amorphous mate-
rials present.  In general, the microscopic and x-ray examins-
tions indicated that the reaction products formed by the hy-
dration of the mixtures are the same as would be expected
from the pure compounds present. Crystalline calcium
hydroxide could be identified by microscopic and x-ray meth-
ods in all compositions containing tricalcium silicate. Crys-
talline hydrated tricaleium aluminate could be identified in
the compositions containing large amounts of alumina, either
as a calcium aluminate or as 4Ca0-AlOsFex0s. ;

Compositions containing dicalcium silicate or dicalciun
ferrite still contained some of those constituents in the un-
hydrated condition after 2 years. In most other cases the
original constituents had disappeared at much earlier periods.

The factors which determine the compressive strengths
that are developed in a mixture of materials are not, however,
solely the additive values of the compressive strengths of the
respective constituents. Many cases presented themselves
in this investigation, as shown by the data in Table VI, m
which the strength developed by a given mixture Was not

TaBLE VI. CoOMPRESSIVE STRENGTHS OF MIXTURES
(Calculated from ecylinders /16 X 1 inch)
Gre- Mix- ToTAL
Couro- SUM ING WATER ConmprEsSIVE STRENGTHS (AVERAGE OF Two SpEcIMBENS ONLY) ——— -
SITION Appep Warer  Usep 1day 3 days days 28 days 3 mo. 6 mo. 1yr. 2 yr.
% % % % Pounds per square inch
CsS, 85; CsA, 15 0 46 50 2030 3620 5680 5730 5800 6,740 7,160 ﬁnggg
1S, 85; CsAs, 15 0 49 50 1360 2000 2580 2910 3320 3,030 3,650 3, 00
B8 C:8, 85; CiA, 15 0 50 50 30 100 160 710 1710 2,680 3,090 3'360
B8 C:S, 85; CsAs, 15 0 50 50 170 260 260 350 1140 4,930 5,000 6,
CsS, 50; B C:S, 50 0 30 50 170 830 1530 5440 9280 11,500 11,900 12.338
5 30 50 350 1000 1520 4930 8840 10,900 11,500 12,
C§, 42.5; BC:S, 42.5;} 0 30 50 0 610 1000 2830 7540 9,060 9,300 !1?'11588
CiAF, 15. 5 30 50 380 830 1290 3400 7900 10,200 10,700 11,
Cs§, 42.5; 8C:S, 42,5;} 0 30 50 0 0 1130 2900 7600 9,900 10,200 10,500
o F, 5 30 50 290 9680 1770 5560 8050 9,720 10,500 11,
TasLe VII. Frxep WATER oF MixTURrES, COMPUTED AS PERCENTAGE OF ORIGINAL ANHYDROUS MATERIAL
Grypsum Fixep WATER 2yt
CoMPOSITION ADDED 1 day 3 days 7 days 28 days 3 mo. 6 mo. 1yr. 2
Z i 21.2
CsS, 85; CiA, 15 0 11.4 13.9 15.0 16.5 18.2 18.2 21.3 20'1
Cs8, 85; Cids, 15 0 12.2 14.3 15.0 16.1 18.3 18.5 20.4 18.8
B8 C:S, 85; CsA, 15 0 4.3 4.8 5.1 7.4 12.2 13.9 17.0 18.7
8 C:S, 85; CsAs, 15 0 6.8 6.9 7.4 8.6 9.9 12:1 18.5 15'3
CsS, 50; 8C:S, 50 0 4.8 6.6 6.9 9,9 11.5 13.0 14.9 15.4
5 6.0 7.5 7.9 9.7 10.8 13.1 15.0 i
CsS, 42.5; B8C:S, 42.5; C4AF, 15.0 0 1.8 6.3 6.8 9.5 10.3 12.8 13.3 15'7
5 5.3 6.4 T2 9.3 11.3 13.5 15.2 15'0
CsS, 42.5; BC:S, 42.5; C:F, 15.0 0 1.5 2.3 6.8 9.2 11.6 14.0 14.7 18
5 5.5 7.0 7.6 9.9 11.2 14.4 15.2
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the mean of the strengths of the constituent materials. An
understanding of the underlying bases of these apparent in-
consistencies would furnish an essential link in the interpre-
tation of the strength of cement mixtures in terms of compo-
sition, in the absence of a retarder.

INFLUENCE OF ALUMINATES ON SILicATes. In the first
two lines of Table VI are shown the strengths resulting from
the addition of 15 per cent of 3Ca0:Al,O; and 15 per cent
5Ca0-3A1,0;, respectively, to 3Ca0-SiO,, in the absence of
a retarder. In the third and fourth lines the strengths are
shown resulting from the introduction of the same mate-
rials into B 2Ca0-Si0.. A comparison of these data with the
strengths obtained
on the pure 3CaO-
Si0: and 2Ca0-Si0,
(Table IIT) shows the
following effects:

1. The addition of
15 per cent of 3Ca0--
Al;0; raises the
strengths of 3Ca0-Si0,
and 2Ca0.Si0, for 1
and 3 days but greatly
reduces the strengths
of the calcium silicates
at later ages.

2. The presence of
50&03A 10; has a
similar effect on the
2Ca0-Si0; but lowers
the strengths of the
3Ca0-8i0, at all ages.

_ No difficulty arises
In an understanding
of the increase in
early strength of
2Ca0-5i0; on the ad-
dition of the aluminates, because the latter possess more
strength than the 2Ca0-Si0. for several weeks. But in the
case of the mixture of 3Ca0-5i0. and 3Ca0-ALO; a strength
1s attained at early ages greater than that of either component
compound.

The rapid combination of the aluminates with water de-
creases the amount of water that otherwise could be available
to the silicates. A reduction in the water to cement ratio is
known to increase strengths (1). Since the tricaleium sili-
cate is the chief early strength-imparting compound, it is
probable that a reduction in the water to silicates ratio like-
wise will tend to increase the strengths, especially at early
ages,

The data given in Table VII show that the fixed water of
the mixtures is essentially the algebraic mean of the fixed
water of the constituent compounds at the several ages.
Hence the effect of the calcium aluminates on the compres-
Sive strength of the caleium silicates in the absence of gypsum
cannot be accounted for on the basis of a changed mean rate
of hydration. Neither can it be accounted for on the basis
of retarded hydrolysis, since the strength of the beta dical-
clum silicate, which undergoes only slight hydrolysis, is also
greatly affected by the presence of the calcium aluminates.

A few tests were made to learn if the presence of 15 per
cent of 3Ca0-Al,05 produced an appreciable rise in the tem-
perature of the paste. It was found that, in the small vials
used, the dissipation of heat was sufficiently rapid to prevent
4 noticeable temperature rise because of the presence of the
3Ca0-ALO;. Hence the effect of the calcium aluminates
cannot be accounted for on the basis of differences in the tem-
berature of the pastes. 7

Some observations were made which suggest that the
amount of hydrated tricalcium aluminate formed may be a
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factor in determining the strength of the mixtures. Trical-
cium aluminate on hydrating in water or in calcium hydroxide
solution probably combines directly with water as follows:

3Ca0:ALO; + XH,0 = 3Ca0-ALO;-XH.0

But 5Ca0-3A1:0; hydrates to 3Ca0-Al,03 XH,0 and Al,Oy X-
H,0. The Al:Oy XH,0 combines with lime, when available,
to form an additional quantity of 3Ca0-ALO; XH,0. Hence
in the presence of 3Ca0-SiO (or more specifically, the lime
liberated from the 3Ca0-Si0. on hydrolysis), the hydration
of 5Ca0:3A1:0; proceeds as follows:

5Ca0:3AL0; + 4CaO
+ XH,0 = 3(3Ca0:-
Al,03)-XH,0

Omitting water of
hydration, 100 grams
(3.5 ounces) of tri-
caleium aluminate
will give 100 grams of
tricalcium aluminate
hydrate, whereas 100
grams of 5-3 calcium
aluminate will give
138 grams (4.9
ounces) of tricalcium
aluminate hydrate,
when both are hy-
drated in calcium hy-
droxide solution—
i.e., in mixture with
3Ca0:8Si0;. The
greater reduction in
late strengths of
3Ca0-Si0; obtained
with the 5-3 calcium
aluminate over that obtained with the tricalcium aluminate
suggests that the late strength reduction is a function of the
tricalcium aluminate hydrate formed.

This view is further corroborated by an examination of
the influence of the aluminates on the beta dicalcium silicate.
The dicalcium silicate has been shown to hydrolyze but very
slightly under the conditions of these experiments. Hence,
very little calcium hydroxide is formed. When 5Ca0-3A1,0;
hydrates in water, 100 grams of 5Ca0-3A1,0; will form 77 grams
(2.7 ounces) of hydrated tricalcium aluminate, if the water of
hydration is neglected. Thus, in a mixture of 2Ca0-Si0, with
5Ca0-3A1,0;, it would be expected that less hydrated tri-
calcium aluminate would be formed than from a similar mix-
ture of the 2Ca0-Si0; with 3Ca0-Al;:0;. The data obtained,
as seen in Table VI, show that a greater reduction in the
strength of the dicalcium silicate results from the addition
of 3Ca0-Al,O; than from the addition of 5Ca0-3AL0;.

From the above results it appears that the formation of
the tricalcium aluminate hydrate may bear some relation
to the lowering in the late compressive strengths of the cal-
cium silicates which follows the addition of these calcium
aluminates in the absence of gypsum.

, In explanation of that influence, it is noted that the tri-
caleium aluminate hydrate erystallizes rapidly from the solu-
tion, which is supersaturated with respect fo the hydrate,
forming a fluffy structure of increased volume. A visual in-
spection of the set material shows also a rather open and porous
structure in contrast to the more dense structure of the cal-
cium silicate pastes. In a mixture of 3Ca0-Al,O; with the
caleium silicates, water causes first the hydration of the
aluminate, as it has been shown that this reaction is much
more rapid than the hydration of the silicates. The forma-
tion of the relatively open structure, due to the crystalliza-
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tion of tricalcium aluminate hydrate, in the absence of a re-
tarding material, may be expected to separate the grains of
the silicates and prevent the close contacts which are neces-
sary for maximum adhesion or cohesion per unit of area.
The results will be indicated by reduced strengths.

From the above discussion, it is suggested that the forma-
tion of tricalcium aluminate hydrate produces a structure,
under the conditions of these tests in the absence of a re-
tarder, which tends to reduce the strengths that otherwise
would result from the hydration of the calcium silicates. The
observed increases in strength at early ages may be accounted
for by the reduced water available to the 3Ca0-S8i0, due to
the presence of the more active 3Ca0-ALO;. It has been
noted that the percentage increase in strength due to a de-
crease in the water to cement ratio decreases with the age at
test. Hence the sum of the above two effects would be ex-
pected to increase negatively with age. That is, the in-
crease in strength of the calcium silicates on the addition of
the calcium aluminates might be positive at early ages but
would be increasingly negative at each later age of test.
This effect has been observed in these studies.

These data confirm the findings of Bates and Klein re-
ported in 1917 and add further information which aids in an
understanding of the complex secondary effects which the
cement, compounds have upon each other throughout a long
period of approach towards a condition of equilibrium.

When caleium sulfate is present, the formation of tricalcium
aluminate hydrate will be delayed by the prior formation of
calcium sulfoaluminate. In this case the structure of the
set material appears to be determined primarily by the hy-
dration of the tricalcium silicate, and improved strengths may
be expected to result. A special group of tests was selected
to determine if the presence of gypsum confirmed these pre-
dictions. Mortar cubes of 1 to 3 mixtures of the pure com-
pounds with sand, with and without gypsum, were prepared.
These were mixed with equal quantities of water, cured in
the moist closet 1 day, then stored in water and tested in
compression at ages of 3, 7, 28 days, 3, 6, and 12 months.
The data are given in Table VIIL.

TasLe VIII. CoOMPRESSIVE STRENGTHS OF MIXTURES OF
CeMENT CoMPOUNDS
CoumprEssive Strexaras (Ayv. or Two
Coxmro- Gypsum WaATER SpecrMENs ONLY)
SITION AppEp  UsEp 3 days 7 days 28 days 3 mo. 6 mo. 1 yr.
% % % — Pounds per square inch
Cs:S 85} 0 40 1750 2300 4050 4700 5000 5300
BCS 15 4.3 40 2040 2620 4100 4600 4960 5260
CsS 856 0 40 1700 2900 3700 3900 4100 4300
CsA 15 4.3 40 1720 2650 3850 4200 4600 4950
CsS 85} 0 40 1090 1600 2150 4100 4400 4220
CiAF 15 4.3 40 1600 2450 2900 3500 4300 4600

The presence of the gypsum somewhat improves the
strengths of mixtures of the two calcium silicates at early
ages. An improvement is noted in the strengths of the mix-
tures of tricalcium silicate with tricalcium aluminate, due
to the addition of gypsum, especially at late ages, and in the
strengths of the mixtures of that silicate with 4Ca0-ALO;
Fe,0;, both at early and at late ages. These data, together
with the results of microscopic examinations, tend to confirm
the belief that the gypsum permits the structure of the set
specimens to be determined by the hydration of the tricalcium
silicate. The formation of the tricalcium aluminate hydrate,
which occurs later, then takes place by crystallization in the
interstices of the silicate structure. The direct contacts are
between silicate grains, not between aluminate grains, and
the superior strengths in the presence of the gypsum appear
to be the result of the prior establishment of the structure by
the tricalcium silicate.

INFLUENCE OF FERRIC OxIDE-CONTAINING COMPOUNDS
ON Stuicates.  When the compounds containing ferric oxide
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were added to a mixture of tricalcium silicate and beta dical-
cium silicate in the absence of a retarder (Table VI), reduc-
tions in strength occurred which were greater than could be
due to the diluting influence. The effects differed from those
of the aluminates in that the reductions oceurred at early
ages as also at later periods.

In this case it appears that the amorphous hydration prod-
uct of the ferric oxide may affect the rate of hydration of the
silicates. The data (Table V) show that the presence of the
compounds containing ferric oxide retards the final set and
(Table VII) delays the rate of hydration. For example, the
mixture of equal parts of tricalcium silicate and beta dical-
cium silicate combines with 6.9 per cent of water in 7 days.
The addition of 15 per cent of 4Ca0-Al,05-Fe, 03, which alone
combines with 27.1 per cent of water in 7 days, would be ex-
pected to raise the combined water of the mixture at that pe-
riod to 10.0 per cent. The value obtained, however, was
6.8 per cent. This same effect was found with the 2Ca0-
Fe;0; mixture, more especially at 1 and 3 days.

It isssuggested that the action of the ferric oxide hydration
product in delaying the rate of hydration of the silicates may
be due to a precipitation of the amorphous calcium ferrite
on the grains of calcium silicate. Such an amorphous film
would retard the rate with which water could come in contact
and react with the calcium silicates and thus retard the rate
of development of strength.

It seems probable that the tricalcium aluminate hydrate
which is formed on the hydration of the 4Ca0Q-AlLQyFe:0;
may be equally effective in determining the influence of 4C:_10~
AlO3Fe,0;3 on the silicates as of 3Ca0-Al:O;, in proportion
to the amount of the hydrate produced. A given percentage
of 4Ca0-Al,05Fe,0;, however, does not produce as large an
amount of tricalcium aluminate hydrate as an equal percent-
age of 3Ca0-Al:0;. It would follow that the influence of the
4Ca0-ALOy Fe,0; should be less than that of 3Ca0-ALO; at
the later ages. This was found to be the case.

The presence of gypsum was found (Tables VI and VIII)
to improve the compressive strengths of the mixtures con-
taining ferric oxide compounds, both at early and late ages.
The effect of the gypsum on the tricalcium aluminate hydrate
component, of the hydration product of 4CaQ-Al:OsFe:0s
is probably identical with its effect on the 3Ca0-ALOs hy-
drate formed on the hydration of 3Ca0:ALO;. By delaying
the rate of formation of that hydrate through the prior for-
mation of calcium sulfoaluminate, the structure of th_e set ce-
ment may be expected to be determined by the tricalcium
silicate. Furthermore, the formation of calcium sulfoferrite,
which is crystalline, should hinder or prevent the formation
of the colloidal calcium ferrite hydrate. If the latter is e
sponsible, as seems likely, for a delayed impenetration of
water to the unhydrated grains, its elimination may be ex-
pected to result in a normal hydration and normal develop-
ment of strength. All of the data bear out this deduction,
for both early and late strengths are raised to the order of
their normal values by the presence of gypsum.

CoNCLUSIONS

The outstanding conclusions that may be drawn from this
study are as follows:

1. Results found in the literature are confirmed that “";gsdls
cium silicate and beta dicalcium silicate are the comlg)od e
chiefly responsible for high compressive strength in Portlan
ment, gaged with water to make a plastic paste. : h by hy-

S alalug siate reacts with water rapidly, both by M-
drolysis and hydration; beta dicalcium silicate remains %{ %
tically unhydrolyzed but combines with water to f(ﬁntl)lut e
water of hydration, very slowly during the first mont licate
proaching the hydration value attained by the tricalcium
in a year. ?
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3. The products of the reaction of water on tricalcium silicate,
under the conditions of these experiments, are crystalline caleium
hydroxide and an amorphous hydrated calcium silicate of com-
position approaching 2Ca0-8i0,-XH.0. The beta dicalcium sili-
cate hydrates to approximately the same amorphous hydrated
silicate, but only traces of crystalline calcium hydroxide have
been observed.

4, The rate of development of compressive strength appears
not to be determined by hydrolysis or by the total fixed water of
hydration. It appears, however, to be established by the
structure and nature of hydration of the colloidal caleium silicate
hydrate. The distribution of the water is an essential factor as
well as the total amount of water in combination.

5. The compounds containing alumina react rapidly with
water to form a fluffy crystalline isotropic hydrated calcium alu-
minate of a composition 3CaO-A120;-6HEO.

6. The alumina-containing compounds, mixed with the cal-
cium silicates, in the absence of a retarder tend to raise the
early strength and lower the late strength of the mixtures. It is
suggested that the reduction in the water available to the 3CaO-
Si0;, due to the addition of 3Ca0-AlLO;, may be responsible for
increases in early strength and that the reduction in strength at
late ages may be associated with the development in the paste of
tricalcium aluminate hydrate. The influence of this compound
is attributed to the rapid development of a weak and open struc-
ture by the erystalline tricaleium aluminate hydrate, thus pre-
venting optimum contacts of the hydrating calcium silicate grains.

The 4Ca0-Al,0;-Fe.0; reacts with water to form an amor-
phous hydrate, the composition of which has not definitely been
established, and crystalline 3Ca0-Al,O;-6H,0.

8. The 4Ca0-Al,0;-Fe,0; and 2Ca0-Fe.0;, mixed with the
calcium silicates, in the absence of a retarder lower the compres-
sive strengths of the mixtures. It is suggested that this may be
due in part to the precipitation, upon the grains of the hydrating
calcium silicates, of amorphous CaQ-Fe,0; hydrate, thus retard-
ir_\g the rate of impenetration of water and reducing bonding ac-

ion.

9. Gypsum reacts with the alumina that enters into solution,
with the g(J)rmntion of erystalline calcium sulfoaluminate, 3Ca0--
AL;0;-3CaS04-31H,0. This occasions a delay in the development
of the crystalline hydrated tricaleium aluminate and so retards
the initial set. Slptale

10. Gypsum tends to counteract the influence of alumina in
lowering the compressive strengths of the calcium silicates. It
is suggested that this favorable influence may be associated with
a retardation in the development of the tricalcium aluminate
hydrate, owing to the prior formation of ealcium sulfoaluminate,
thus permitting the structure of the set paste to be established by
the hydrating tricaleium silicate.
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11. Gypsum also tends to counteract the influence of the
ferric oxide-containing compounds in lowering the compressive
strengths of the calcium silicates. It is suggested that this favor-
able influence may be associated with the formation not only of
calcium sulfoaluminate as above but also of calcium sulfoferrite
and the consequent reduction in the amount of the amorphous
fe]rrite hydrate that can be deposited on the grains of the calcium
silicates.
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Transmission of Light by Egg Albumen

H. J. Araquist, J. W. Grvens, anp A. Krosg, University of California, Berkeley, Calif.

phases of the candling appearance of eggs has recently

come under widespread question and investigation.
It has become clearly evident that an elaboration of the
factors which influence the candling appearance of eggs is
greatly needed. One of these is the ability of egg albumen to
transmit light. It is the purpose of this paper to present re-
sults obtained in a study of this property of egg albumen.

I I YHE interpretation which may be placed upon certain

PREPARATION OF SAMPLES

Samples were prepared by breaking out twelve eggs singly on
screens and separating the three layers of albumen, as described
by Almquist and Lorenz (3). The outer liquid, middle gelati-
n0us, and inner liquid layers were each thoroughly mixed.

Ch_ was placed in a 5-cm. cell, and the transmission of light
relative to air determined in a Konig-Martens spectrophotometer
(Franz Schmidt and Haensch). The light source was the yellow
line of helium with a wave length of 5876 A. as obtained from a
belium are. The total percentage of dry matter and the per-
centage of mucin were also determined in most samples. The
latter was obtained by diluting the albumen with five volumes of
water, mixing thoroughly, and allowing to stand for 24 hours.

e precipitated mucin was washed with dilute salt solution
and finally several times with distilled water with the aid of a
centrifuge,

The mucin content of the layers was determined because
it seemed that there was a distinet influence of the quantity
and physical state of this protein on the passage of light. It
has been shown by Almquist and Lorenz (2) and McNally
(4) that the mucin is responsible for the chief structural
differences between firm and liquid white. Mucin differs
from the other proteins in egg white in that it appears to
exist in the form of translucent, long fibers, and exhibits a
marked tendency to separate as a white solid at the higher
hydrogen-ion concentrations of egg albumen. The direct
transmission of light through egg albumen probably is affected
to a large extent by these semi-solid particles or fibers of

mucin.
LigaT TRANSMISSION

The transmission of light in the different layers of albumen
does not change in proportion to the percentage of total solids
in these layers (Table I). On the other hand, the correlation
between the percentage of mucin and the transmission of light
is very striking. The coefficient of this correlation was calcu-
lated by assuming an equation analogous to Beer’s law for
solutions. It is recognized, however, that the effect of mucin
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on the transmission of light is much more complicated than
the effect of a substance in true solution. The equation used
was formulated as follows:

I/l =

I = transmitted light
I, = incident light
K = a constant

d = distance through which the light passes

¢ = percentage of mucin as determined by analysis

10 —Kde

where

The ratio I/I,is defined as the transmission. It follows fromh
this equation that the concentration of the absorbing sub-
stance is directly proportional to the negative logarithm of the
transmission. The coefficient of correlation between the
percentage of mucin and the negative logarithm of the trans-
mission in twenty-four samples of fresh egg albumen was
found to be +0.82 = 0.05, a value which is highly significant.

Of particular interest is the fact that the cold storage of
eggs has a tendency to lower the transmission of light, es-
pecially in the middle and inner layers (Table I). The ar-
rangement of these layers is such that the inner and middle
layers present the greatest depth through which light must
pass when an egg is candled. Since the transmission of
light is an exponential function of the depth of the trans-
mitting medium, the relative effect of these layers on the in-
tensity of light passed through the egg from a candling lamp
is much greater than the transmission values would indicate.
This lowered transmission in the case of stored eggs may ac-
count for the common experience that eggs graded soon after
removal from cold storage often present a better candling ap-
pearance than that of the same eggs when fresh, because of a
less prominent yolk shadow.

TasLe I. MgeaN VALUEs oF LigET TRANSMISSION, PERCENT-
AGE OF MucIN, AND PERCENTAGE OF TOTAL SoLIDS IN SAMPLES
OF FRESH AND STORED ALBUMEN

STANDARD

DEevia- Per-

Layer No. STANDARD TION OF CENTAGE
OF OF DEeviaTiON MvuciN  OF
ALsu- Sam- oF TraNS- PERCENTAGE PrrcENT- ToTAL
MEN  PLES TRANSMISSION MISSION oF Mucix AgE  Sorips
FRESH EGGS (1 DAY OLD)
Outer 8 0.915 4 0.010 0.040 0.145 £ 0.022 0.092 11.70
Middle 8 0.482 == 0.008 0.032 0.591 = 0.049 0.205 12.21
Inner 8 0.808 £ 0.010 0.041 0.227 X 0,027 0.114 12.87
COLD STORAGH EGGS (3 MONTHS OLD)

Outer 5 0.800 £ 0.010 0.046 0.1487 12.40%
Middle 5 0.343 == 0.056 0.187 0.768% 12.84¢
Inner 5 0.590 =% 0.041 0.136 0.250% 13.202

¢ Data from three representative samples only.

The translucency of the mucin fibers appears to be con-
trolled by temperature as well as by the hydrogen-ion con-
centration. At cold storage temperatures and hydrogen-ion
concentrations corresponding to pH values of 6 or 7, the mucin
can be caused to separate as distinet white fibers.  Storing egg
albumen in a carbon dioxide atmosphere for a few days was
found to cause a marked lowering of the transmission of light
(in the case of the middle layer almost to zero) and a more
opaque or cloudy appearance.

Eggs with relative impervious shells, such as the ‘“glassy”
shells described by Almquist and Burmester (1) or very fresh
eggs which have been oil-dipped, retain more carbon dioxide
than do normal eggs and show a marked tendency to develop
a cloudy albumen in cold storage, a fact which may be ascribed
to the low temperature and relatively low pH. If the cloudy
condition has not existed for a long period of time, it will be
found to decrease slowly when the albumen is removed from
the shell and allowed to warm to room temperatures and to
lose carbon dioxide. Cold storage eggs which are regraded
several days after removal from storage often show surprising
differences in comparison with their candling appearance
immediately after removal; this may be aseribed, in part,
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to a decrease in the opacity of the mucin caused by increased
temperature and increased opportunity for the loss of carbon
dioxide. This increased light transmission, and consequent
increased visibility of the yolk, may be the reason, in part,
for the common opinion that cold storage eggs deteriorate
rapidly when removed from storage.

Storing egg albumen in the presence of ammonia gas caused
a marked increase in the transmission of light, especially
in the middle and inner layers. Almost no mucin could be
obtained from this alkaline albumen. It is well known that
newly laid eggs have appreciable amounts of carbon dioxide
in the albumen but that this tends to escape rapidly through
the shell while, and at the same time the albumen becomes
more alkaline (5). In alkaline albumen a slow destruction
of the mucin probably takes place.

The values for the percentage of mucin in the inner layers
are, on the average, greater than those obtained from the
outer layers, a fact which does not agree with the report of
McNally (4) that the inner layer contains only relatively
minute quantities of mucin.

SUMMARY

The transmission of light varies in different layers of egg
albumen, being lowest for the firm or gelatinous layer. The
transmission of light is correlated with the percentage of
mucin in the albumen and varies with the temperature and
pH, which affect the physical condition of the mucin. The
changes in the transmission of light due to these factors cause
differences in the candling appearance of eggs, which are not
necessarily correlated with changes in interior quality.
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from Drinking Water

Rarer H. McKeE Anp WirLiam S. Jornston, Columbia University, New York, N. Y.

HE first reference to mot-

Removal of Fluorides
tled enamel of teeth was

T made in 1901 in a report

by Eager (7). Since then many
articles have been written
on the subject (1, 6, 11, 12,
16-19). However, it was not
until 1931, when Churchill (4)
indicated that fluorine might be
the cause of the trouble, that
this element was determined
in water from endemic areas. The work of McKay (13) and
the Smiths in Arizona (6, 16, 19) has definitely confirmed
the fact that fluorine is the cause of the difficulty.

An article by Boruff (2) is the only one that has dealt with
methods of removing fluorine from water. One criticism that
may be made of his work is that no concentration in excess
of 5.0 parts per million of fluorine was used, and even at this
concentration the removals were not satisfactory. Many
waters from western endemic areas vary from 5 to 8 p. p. m.,
and cases are known in which it is as high as 16.8 p. p. m.,
so that a limit of 5.0 p. p. m. is felt to be low.

Fluorides in drinking

be at a pH of 3 or less.

METHODS OF ANALYSIS

There are several suggested methods of analysis for small
amounts of fluorine (4, 10, 15), but each had some objection-
able features which made it unsuitable for use in the present
experiments. The method outlined by Fairchild (8) and
modified by Churchill (5) was followed in the first part of this
investigation and has proved fairly satisfactory.

Since this work was started, other methods of analysis for
small amounts of fluorine have appeared (3, 9, 20, 21).

In order to obtain satisfactory results with a fluorine range
of 1 to 10 p. p. m., it was necessary to modify Churchill’s
ll}ethod slightly. It was found that the ferric chloride solu-
Flon could be reduced to one-third its original strength—
1.e., t0 0.00533 M—and still give satisfactory results, but that
1o dilution could be made in the thiosulfate solution.

Churchill stated that the flasks should be heated for 30
minutes to complete the liberation of the iodine, but it was
found that this was not important, as variations of from 30
to 60 minutes in the time of heating at 38° C. did not ap-
preciably alter the results. :

_ dince the waters from the American endemic areas are alka-
line, the “synthetic water” used in this work was New York
aty water to which was added the desired amount of sodium
fluoride and which was made alkaline with 0.272 gram of
sodmm acid carbonate per liter, which is an average figure
found in analyses of such waters. This amount of bicarbonate
produced a pH of 8.3 but had no effect on the titration, as
the Increased amount of sodium thiosulfate consumed was
\(;‘lltgln the limit of error of the method, being less than

.10 ce.

All determinations were run in duplicate. Portions (250
ce.) of the synthetic potable water containing fluorine were
measured out, and the required amount of acid and adsorbent
Was added. This gave sufficient volume so that, on filtering
off the adsorbent and rejecting the first portion of the filtrate,
there would still be over 200 cc. left—enough to pipet the two

OO-cc: portions required for the duplicate analyses. Blanks
Were similarly put through but without any adsorbent, and
the difference between the two titrations gave the amount of
fluorine adsorbed.
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to be the cause of mollled enamel on leeth in
America, England, Africa, and elsewhere.
present authors have developed a method of re-
moving fluorides from polable waler by adsorption
by carbon. The process, however, has the handi-
cap that at the time of lrealment the water must

Attempts were first made tore-
move the fluorine with iron and
aluminum sulfates, but neither
was of value. The amount of
iron salt varied from 17 to 165
p. p-m. and the time of contact
ranged from 30 minutes to 48
hours. Inthe case of the alumi-
num salt 83 p. p. m. were added
and left in contact with the solu-
tion for 48 hours. In these ex-
periments the reduction of fluorine was only 0.25 p. p. m. which
was within the limits of error of the method. Boruff (2) showed
that with aluminum sulfate there was a reduction of slightly
more than 1.0 p. p. m. of fluorine at a pH of 8.0. The present
lower removal may be explained by a different type of stirring.
Boruff states that this is important. The authors used only
the slightly alkaline water (pH, 8.3) for these salts, whereas
Boruff varied his pH considerably. It was thought that,
since ferric fluoride is nonionized, it might be more easily
adsorbed. Therefore, a ferric salt was added to an acid solu~
tion of the water containing sodium fluoride. After a few
minutes sufficient sodium carbonate was added to make the
water alkaline again, the precipitate of ferric hydroxide was
filtered off, and the filtrate was tested for fluorine, but there
was no reduction.

The siliceous adsorbents used were two grades of Wyoming
bentonite and one each of fuller’s earth, H.S. C. Celite, and
silica gel. To samples of the synthetic water 0.2 per cent by
weight of adsorbent on the weight of the water was added.
The material was left in the water for 16 hours and shaken
from time to time. The adsorbent was then filtered off and
the filtrate tested for fluorine. In no case was any of the
fluorine removed. In these experiments the adsorbent was
added to the water without changing its pH.

The next step was to add various amounts of acid and ad-
sorbent. The pH of the original water was 8.3 which was
reduced in small steps to 2.5. There was no removal of fluor-
ine until the acidity had reached a pH of 3.6, and at 2.5 ap-
proximately one-half of the amount originally present was
removed. While this was the first promising lead, it was far
from the desired removal.

waler have been shown

The

REMOVAL BY CARBON

The following four different carbons were next tested:
(A) Norit, a commercial carbon produced from the charcoal
of the European pine; (B) the residual carbon discarded by
the soda pulp industry; (C) the same as carbon B activated
with acid (14); (D) a war gas type of adsorbent carbon which
is an anthracite coal activated with hot carbon dioxide
gas.

No fluorine was removed by the A or D carbon. In fact,
with carbon A the blank in all cases gave a higher thiosulfate
consumption than the sample with the carbon. This indi-
cated that something was leached out of this carbon which
reacted with the thiosulfate.

Carbon B removed about half the fluorine at a pH of less
than 3.0. ;

Carbon C showed real promise, and the greater part of the
work was devoted to ifs study. Here, also, there was little
removal of fluorine until the pH had been reduced to 3.6,
and between this and 2.5 the removal of fluorine increased
from approximately 30 per cent to complete adsorption,
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TaBLe I. Runs v THE CONTINUOUS APPARATUS
Ruxn 1, C CarBon Rux 2, C CarBoN Run 3, C CarBox RuUN 4, B Careoxn RuN 5, B Carson Rux 6, B Carsox Rux 7,8 B Cannox
pH P.p.m. pH P.p.m. pH P.p.m, pH P.p.m. pH P.p.m. pH P.p.m. pH P.p.m.
Water 8.3 8.0 5.7 8.0 3.1 8.0 3.0 8.0 5.2 8.0 4.4 8.0 5.4 8.0
FILTRATE
Liters
0-2 6.6 6.0 6.7 6.0 6.4 2.0 6.6 4.0 6.4 8.0 6.7 8.0 6.7 8.0
3-4 6.8 6.2 8.0 3.3 5.7 0.0 6.1 6.3 5.0 6.5
5-6 7.0 8.0 6.1 8.0 3.1 0.5 4.8 0.0 6.0 8.0 6.2 5.0 6.3 6.0
7-8 7.2 6.5 o 3.1 4.5 0.0 5.9 6.1 6.3
9-10 7.3 8.0 5.9 8.0 3.1 1.0 4.2 5.9 6.0 6.1 5.0 6.1 5.0
11-12 7.5 6.7 % 3.1 3.8 5.9 6.1 6.1
13-14 7.4 8.0 5.8 8.0 3.1 3.0 3.5 0.5 5.9 5.0 6.1 5.0 6.3 7.0
15-16 7.4 yfnl 3.1 3.3 0.5 5.9 6.0 6.5
17-18 7.5 8.0 7.3 8.0 3.1 4.0 3.3 5.9 6.0 5.9 5.0 6.4 6.0

¢ Ferric chloride (185 p. p. m.) was added to the water.

using the customary 0.2 per cent carbon based on water
taken.

The efficiency of adsorption in relation to the pH of the
solution is as follows, where 8.0 p. p. m. of fluorine was added:

Per Cenr Per Cent
rH RemovED rH RemoveD
6.90 4 2.53 29
3,567 49 2.38 99
3.16 88 2.28 100
3.01 100

Thus complete removal is obtained at a pH of 3.0 or less, as
the 99 per cent values may be taken as complete removal
of the fluorine.

The efficiency of fluorine removal by the carbon, when only
0.08 per cent by weight of carbon on the weight of water was
used, is as follows:

FruoriNg FLuorINE FLuorINE FruoriNe
ADDED RemMoveD ADDED RemoveDp
P.p.m. P.p.m. P.p.m. P.p.m.

10.0 8.45 5.0 4.60
10.0 7.50 2.5 2.75
7.5 7.05

This shows that 0.08 per cent carbon will remove practically
all the fluorine from waters containing up to 7.5 p. p. m., and
80.0 per cent from water with 10.0 p. p. m. One part per mil-
lion is the maximum that may be allowed in potable water if
mottling of children’s teeth is to be avoided. Since the
majority of waters analyzed from the endemic areas showed
8.0 p. p. m. or less, then 0.08 per cent of carbon C would seem
to be sufficient in most cases. This was confirmed by using
a water containing 8.0 p. p.m. at a pH of 2.25, where 0.08
per cent carbon removed all the fluorine, but 0.04 per cent
removed 76 per cent, and 0.02 per cent only 57 per cent.
The next step was to develop some method of continuous
treatment which might have a practical application:

Tor this purpose a glass tube 40 mm. in diameter and 750 mm.
long was filled to a height of 620 mm. with carbon. For these
tests a sieved material passing a 16-mesh but held on a 30-mesh
screen was used. The water was run in at such a rate that a
constant, slight hydrostatic head was maintained during the
run. Owing to packing of the carbon, there resulted a slight
decrease in the rate of flow during the run. In run 7 there was
a marked drop in the rate of flow due to the iron salt added to
the water.

In order to follow the rate of adsorption of the fluorine, the
effluent water was collected in 2-liter samples which were ana-
lyzed. This entailed a large number of analyses, and the Fair-
child method would have been too slow. The method outlined
by Thompson and Taylor (21) seemed satisfactory on test and
was adopted with slight changes. The solutions were made up as
follows: solution 1, 0.87 gram zirconium nitrate and 100.00
ce. water; solution 2, 0.14 gram alizarin red, 7.50 cc. normal
sodium hydroxide solution, and 100.00 cc. water. The two
solutions were mixed, allowed to stand for 3 hours, and then
filtered. For the analysis 1.0 cc. of the reagent and 1.0 cc. of
5 N hydrochloric acid were added to 50.0 cc. of the water. Stand-
ard fluorine solutions were made up by increments of 2.0 p. p.m.
from none to 10 p. p. m., and 1.0 cc. each of the acid and indicator
was added to 50.0 cc. of the standard. There was a range in
color from pink with no fluorine to a straw yellow at 6.0 p. p. m.
Above this there was no appreciable difference in color. Itp the
unknowns were above 6.0 p. p. m., it was necessary to dilute them
in order that they might be compared to the standards. Tests

showed that acid in excess of the 1.0 cc. added did not change the
color of the standard solutions,

Tasre II.  Rates oF F'Low 1§ THE CONTINUOUS RUNS
Ru~
FILTRATE 1 2 3 4 5 6 7
Liters Minutes
3-4 3 725 TE75 5838 3.75 4 3
9-10 s 8.5 7.75 i 5 5.25 8.5
11-12  6.25 5 655 4.75 2 55
15-16 6.5 8.5 9 I 6.25 6 9
17-18 o % s 5.75 i i

In comparing Tables I and II with the earlier tables in
which the small-scale batch tests were carried out, it will be
seen at once that the results are of the same order in both
cases—namely, that there is little removal of fluorine until
the pH has been reduced t0 3.0. In run 3 the poor removal of
fluorine after the twelfth liter was run through was due to
the fact that the limit of adsorption had been reached.
The same 100 grams of carbon had been used for the first
three runs of 20 liters each. In the fourth run fresh carbon
(B) was taken, and this was effective for the entire 18 liters.
As expected, the first few liters of the acidified water activated
the carbon and made it effective.

In the five runs made on the acid side, in all cases the ﬁ}‘“
2 liters were always more alkaline than the rest, with resulting
low fluorine removal. This is explained by the small amount
of residual alkali present in the carbon resulting from its
method of production. ;

The chief objection to this method of purification is that
such a low pH is required before the flourine is removed.
It was felt that the nonionized ferric fluoride might be more
easily adsorbed. Several attempts were made in the smal-
scale tests to obviate this difficulty by adding ferric chlorlds
to the water. The results were quite inconclusive. InrunT
three times the amount of ferric chloride required to form
ferric fluoride was added, and the water was allowed to stand
for 5 hours before passing through the carbon. Once more,
with the alkaline solution, almost no fluorine was removed.

SUMMARY

This work has indicated that it is possible to remove the
fluorine from water by adsorption. Several different ma-
terials have been tested; of these the carbons were the most
promising and some were more efficient than others. ’_I‘he
chief criticism of this work is that, even with the most efficient
carbon, there is no removal of fluorine until the pH of the
water has been reduced to about 3.0. Attempts to redu'ce to
1p. p.m. or less the fluorine content of the water with a higher
pH have been unsuccessful.
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Formation of Gas Hydrates in Natural Gas

Transmission Lines

E. G. Haynverscamipt, Texoma Natural Gas Company, Fritch, Texas

HE presence of water
vapor in natural gas has
always been a source of

trouble to the natural gas in-
dustry in the measurement
and transportation of the gas.
One of the chief difficulties has
been the interruptions of ser-
vice due to the liquefaction and
subsequent freezing of the
water within the system. The
solid matter which collects in
the pipe line usually resembles
ordinary snow in appearance.
The movementof the gasthrough
the pipe line tends to collect and
compress the snow at low spots
until the line may become en-
tirely plugged. The snow is
honeycombed with small
channels through which the gas
passes before the flow is entirely
stopped. The cause of this

Solid compounds, resembling snow or ice in
appearance, are formed with methane, ethane,
propane, and isobulane in the presence of waler al
elevated pressures and lemperatures. The mell-
ing point of these mized hydrales in a natural gas
mizture depends upon the pressure and varies
from about 34° F. at 110 pounds per square inch
absolute to about 60° at 800 pounds.

The formation of gas hydrates in natural gas
pipe lines depends primarily upon the pressure,
temperature, and composition of the gas—waler
vapor mizture. Afler these primary conditions
are fulfilled, the formation of the hydrates is ac-
celerated by high velocities of the gas stream, pres-
sure pulsations, or inoculation with a small crys-
tal of the hydrate.

At equilibrium condilions the hydrales, be-
cause of their lower vapor pressure, cause more
waler to be removed from the vapor phase than in
the case of liquid waler al the same temperalure

temperatures above the normal
freezing point of water is a
phenomenon that has not been
generally recognized by the gas
industry.

Schroeder (7) has reviewed
the history of the discovery
of gas hydrates: Humphrey
Davy, in 1810, discovered the
first known gas hydrate, a crys-
talline compound formed by
chlorine and water. Wroblew-
ski, in 1882, reported a carbon
dioxide hydrate. Cailletet, in
1878, reported acetylene hy-
drate and was the first to dis-
cover that a sudden decrease in
pressure aided in the forma-
tion of these crystalline com-
pounds. Woehler, in 1840,
reported hydrogen sulfide hy-
drate. Villard and de Forcrand
have worked for more than
40 years on this class of com-

freezing has usually been attrib-
uted to subzero ground tem-
peratures or to a combination of
low temperatures with pressure
fluctuations; the latter causes intermittent liquefaction and
vaporization of the more volatile hydrocarbons, such as pro-
pane and the butanes.

However, it was discovered, during a series of experiments
where natural gas and water vapor were compressed to 800
pounds per square inch, that freezing occurred at higher
temperatures than would ordinarily be expected. Later
the same observation was made on a commercial scale where
the natural gas was compressed to about 600 pounds per
square inch and cooled to 40° F. in a refrigeration unit (7, 2)
which was designed to remove the excess moisture and ol
from the compressed gas.

These observations suggested the possibility of another
and probably more general cause of freezing in natural gas
systems than had heretofore been recognized. Therefore,
the object of this investigation was to determine the causes
Of_ freezing at elevated temperatures and pressures together
with such other factors as might affect the operation of a
natural gas transportation system.

T.he combination of certain gases with water to form crys-
talline compounds (hydrates) at elevated pressures and at

and pressure.

pounds. Villard (6, 9) reported

hydrates of methane, ethane,

acetylene, and ethylene.
Schutzenberger reported the first double hydrate—hydrogen
sulfide and carbon disulfide. Double hydrates are definite
compounds having a definite melting point and are by no
means a mixture of the single hydrates, since the decompo-
sition temperature of the double hydrate may be entirely
different from the decomposition temperature of either single
hydrate. De Forcrand characterized that product, which
was obtained from hydrogen sulfide and aqueous alcohol
(Woehler, 1840) as a mixed hydrate of hydrogen sulfide and
alcohol, and in addition discovered the great family of “sulf-
hydrierten” hydrates whereby hydrogen sulfide could be
united with a great number of halogen-substitution deriva-
tives of the aliphatic series, in hydrate form. Cailletet and
Bordet, in 1882, discovered the double hydrate of carbon
dioxide and phosphine. De Forcrand and Sully Thomas, in
1897, found that acetylene and carbon tetrachloride form a
double hydrate. They also reported double hydrates of
acetylene, ethylene, sulfur dioxide, and carbon dioxide with
the following: ethylene chloride, ethylene bromide, methyl
iodide, methyl bromide, methylene chloride, and methylene
iodide. Hempel and Seidel also reported similar compounds
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Ficure 1. DIAGRAM OF APPARATUS
1. Qasinlet x 5. Pyrex glass tube, 5/5: inch
2. 40 feet of !/s-inch o. d. copper i. d. and ?3/a inch o. d.
precooling coi 2 6. Constant-temperature baths
3. Water supply reseryoir 7. Thermocouple junction
4. Copper tube, 1/3s inch i. d., 8. Millivolt meter
soldered to inlet water 9. Drip
valve at one end and dis- 10. DPressure gage
charging into Pyrex glass 11, Pressure—regucing valve
tube at opposite end 12, Meter

—e. g., carbon dioxide and ether. A gas hydrate of ammonia
also appears to exist. Methyl mercaptan forms a crystal-
line hydrate with water (8).

APPARATUS

A diagram of the experimental apparatus is shown in
Figure 1:

The compressed gas was passed through a length of copper
tubing, 2, which was immersed in a water bath, 6, at the same
temperature as the water bath which contained the Pyrex glass
tube. This precooling bath allowed the passage of gas through
the apparatus at velocities which were comparable to actual
operating conditions in pipe lines, and at any desired tempera-
tures. Water was injected from 3 by gravity flow through the
internal copper tube, 4, at the inlet of the Pyrex glass tube, 5.
The temperature of the gas was measured by means of an iron-
constantan thermocouple, 7, which was inserted in the glass
tube through a stuffing box arrangement. The gas was vented
to atmospheric pressure at 11 through the positive meter, 12.
The pressure was measured with a Bourdon tube gage, 10, which
had been calibrated by means of a piston gage.

The natural gas that was used for these experiments was taken
directly from t-%le pipe line after the gas hadp passed through (a)
an oil absor;ftion plant and (b) a refrigeration system where the
gas was cooled to about 38° F. in order to remove the excess
water and oil vapors. For pressures above 600 pounds per
square inch, the gas was passed through a small motor-driven
compressor, the discharge gas from this compressor being filtered
through a plug of cotton in order to prevent the entrainment of
lubricating oil.

{ " The composition of this pipe line gas does not vary greatly,
as shown by frequent analyses over a 2-year period. Typi-
cal analyses are given in Table L.

TasLe I. ANALYSES OF GASES

GAS FROM

PipE LINE Pree Line
NaTURAL Gas Sxow

% %o %o

Date sampled 6-8-33 §-28-32 1-3-33
Carbon dioxide 0.20 0.00 0.44
Nitrogen residue 7.19 5.11 6.46
Methane 82.50 82.70 56.95
Ethane 5.99 6.68 5.66
Propane 3.26 4.46 24.97
Isobutane 0.30 0.40 4.89
n-Butane 0.49 0.57 0.83
Pentanes, plus 0.07 0.08 0.00
Tota 100.00 100.00 100.00

RELATIONSHIP BETWEEN PRESSURE AND MELTING PoInt
oF GAs HYDRATE

The formation or decomposition of the natural gas hydrate
could be observed in glass tube 5 (Figure 1). The appearance
of the hydrate usually resembled ordinary snow although at
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times transparent crystals resembling ice were separated.
The transparent crystals formed only when there was no agi-
tation of the melt. :

In order to observe the melting point of the hydrate at
various pressures, the flow of gas through the tube was
stopped, and the gas was vented from the system until the
desired pressure was obtained. The temperature of the bath
was then slowly increased until the hydrate began to melt.
The melting point was fairly sharp (within 1° ¥.) and du-
plicate results could be obtained. The temperature as re-
corded by the thermocouple could be checked during the
melting point determinations (i. e., when there was no gas
flow through the glass tube) by means of a mercury thermome-
ter placed in the bath, 6.

The following relationship between pressure and melting
point of the natural gas hydrate was determined from the
experimental data (Figure 2):

Y = 8.9X0.285
where ¥ = temp., ° F.
X = abs. pressure, lb./sq. in.

Primary Causes oF HyDRATE FoRMATION

The formation of natural gas hydrates depends primarily
upon the temperature, pressure, and composition of the gas.
As shown by the melting point diagram (Figure 2), both high
pressures and low temperatures are favorable to the forma-
tion of hydrates. In regard to the composition of the gas,
water vapor is the only component that can be controlled on
a practical basis. However, the removal of the moisture in
the gas will of course eliminate the possibility of any hydrate
formation. It is not necessary that the gas be entirely free
from water vapor since these hydrates cannot form until the
dew point of the gas is reached. As a matter of fact, if the
partial pressure of the water vapor in the gas is less than the
vapor pressure of the gas hydrate, the hydrate will lose water
and decompose. This fact was demonstrated by passing
some relatively dry gas over some gas hydrate in the glass
tube (Figure 1):

The inlet gas had a’ dew point of approximately 30° F. at a
pressure of 600 pounds per square inch. The temperature of the
tube was maintained several degrees below the decomposition
point of the hydrate
or about 47° F. at
600 pounds per &
square inch. he L —
test was continued 3 %
for 5 days. A small
amount of moisture
which was present in
the glass tube with
the hydrate was re-
moved first. Then
the hydrate was
slowly removed from
the walls of the tube.
'Ehéa reml?val of tlﬁe Vi

ydrate began at the R T L0
inlet end of the tube, I e e P s
and there was a sharp
line of separation (be-
tween tllm)e dry tube f
and the hydrate-coated portion) which marked the progress 0
the evaporating hydrate along the tube as the gas was
through.

@ Y
N

-

MELTING POINT, .

e
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800

FicUure 2. MEeLTING PoINT DIAGRAM

SpconpArRY CAUSES OF HYDRATE FORMATION

As stated above, a definite temperature, pressure, and com-
position are necessary before the gas hydrate 18 .for-m :
However, even if these conditions are established, 16 18 by
no means certain that the hydrate will crystallize out. F."Og
example, there was no hydrate formation during a test whic :
was conducted over a 40-hour period while a low flow of gf;a
was passed through the glass tube which contained droplets
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REerFrIGERATION UnITS

Propane is employed as refrigerant in the vertical columns; the horizontal tubes are heat exchangers.

of water. The temperature was maintained between 32°
and 40° F. and the pressure was 600 pounds per square inch
absolute; i. e., the conditions were such that the existence of a
hydrate was entirely possible.

: There are, then, certain other secondary factors which
influence the formation of hydrates. For example, it has
been found that high velocities of the gas stream, pressure
pulsations of the gas stream (due to compressors), or the in-
troduction of a small crystal of the hydrate all hasten the
formation of the hydrate. It has been demonstrated under
actual operating conditions that the high velocity of the gas
m tl.le pipe line furnishes almost ideal conditions for the for-
mation of hydrates, once the proper conditions of pressure,
temperature, and composition are established.

These secondary causes of hydrate formation appear to be
adequately explained by the general behavior of crystal for-
mation as described by Eucken (3): “The formation of a
crystal generally requires a certain arrangement and, above
all, a definite adjustment of the molecules with respect to each
other, the lack of which is characteristic of the liquid phase,
and which cannot always be established at once. In general,
a certain time elapses before the essential number of mole-
pules come together into correct positions by purely accidental
influences. Only after the formation of a small elementary
crystal or crystallization nucleus, which then exercises a
certain directing force on the neighboring liquid molecules
and forces them to join together, does the crystallization pro-
ceed smoothly.” From this, it appears that hydrate forma-
tion should be promoted by any force which tends to mix or
stir the melt, because any such agitation increases the prob-
ability of bringing the essential number of molecules into the
correct, position required for crystallization. Both high ve-
locities and pressure pulsations impart a mixing action to
the droplets of condensed moisture.

DEeprEsston oF Dew PoiNT Axp CALCULATION OF FUGACITY
OF NATURAL GAs HYDRATE

The presence of the gas hydrates in pipe lines causes a
definite lowering of the dew point of the gas. This was
proved by making a series of dew point determinations upon
thf’ exit gas from the refrigeration plant (2). The results of
this dew point survey are shown in Figure 3 and include the
time that the refrigeration unit was first placed in operation
until the accumulation of gas hydrate had caused sufficient
pressure drop across the unit to require a “defrosting” pe-
riod. When the minimum temperature of the refrigeration

unit was maintained at 38° F., the dew point of the exit gas
was 25°; 1. e., it was 13° lower than would ordinarily be ex-
pected. That this depression of the dew point was caused
by the formation of the gas hydrate was proved by raising
the temperature of the same unit from 38° to 60° F.—i. e., to
a temperature where the gas hydrate could not exist at the
operating pressure of 525 pounds per square inch (Figure 2).
In this case the dew point of the exit gas was 60° or exactly
the same as the minimum temperature to which the unit had
been cooled.

The explanation of this apparently abnormal depression
of the dew point lies in the fact that the vapor pressure of
the gas hydrate is less than the vapor pressure of liquid water
at the same temperature. When the water vapor in the gas
mixture is in equilibrium with the gas hydrates, the partial
pressure of the water vapor is less than it would be if the
water vapor were in equilibrium with liquid water. In other
words, less water in the vapor phase is required for equilib-
rium between hydrate and vapor than for equilibrium between
liquid water and vapor.

While this depression of dew point increases the efficiency
of a refrigeration plant whose purpose it is to remove water
vapor from the gas, it is apparent that the same procedure in
the pipe line will hasten clogging.

The fugacity of the natural gas hydrate may.be calculated
from the following observed data that were taken during the
normal operation of the refrigeration plant (1):

Min. temp. to which gas is cooled, ° F. Rl 38
Dew point of outlet gas—i. e., gas that is in equilibrium

with gas hydrate, ° F, 25
Operating pressure, 1b./sq. in. abs, 523

The following relationship has been shown (5):

) 1)

P = total or operating pressure, 1b./sq. in. abs.
f» = fugacity of hydrate at pressure P, Ib./sq. in.
f. = fugacity of water at pressure P, 1b./sq. in.

v = molal vol. of liquid (water)

p = normal vapor pressure of water, lb./sq. in.

From the above data the fugacity of the natural gas hy-
drate at 38° F. is calculated to be fi = 0.0685 pound per
square inch. Likewise, the fugacity of water at the same
temperature and under the same total gas pressure is fo =
0.1157 pound per square inch.

.In Figure 4 the fugacity of water which is under a total
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pressure of 500 pounds per square inch has been caleulated
according to Equation 1 and is represented by the solid line.
The f. curve has been constructed according to the Cox
method where the fugacity is represented by a logarithmic
scale and the
temperature by
32 a  nonuniform
scale so con-
structed that
the resultant
curve will be a
straight line
).
The broken
line in Figure 4
2 was drawn par-
= allel to the fo
s S e num‘.nrmn,ﬂouns' 1 > curve and
through the de-
termined point
fr» = 0.0685 and

= 38% K. 1at
should, there-
fore, represent the fugacity of the natural gas hydrate as
formed from a gas whose composition is similar to that in
Table L.

The data for the single determined point on this curve
(Figure 4) was checked with three separate commercial re-
frigeration units, the same results being obtained in all three
cases. Furthermore, proof that the fugacity eurve for the
gas hydrate is parallel to the fugacity curve for water was
obtained by subsequent additional observations. These
observations cannot be incorporated in the results of Figure
4 because the water in these latter tests was slightly con-
taminated with calcium chloride, and lower dew points were
obtained. However, in these latter tests, dew points were
measured at several different temperatures of the commer-
cial unit—e. g., 42°, 46°, 47°, and 52.5° F.—and the results
when calculated as in Figure 4 produce a straight line which
is parallel to the fugacity curve for water.
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Ficure 3. Resurrs oF DEw PoiNT SURVEY
oF REFRIGERATION UNIT

Broken line, minimum temperature
Solid line, dew point of gas outlet

CoNSTITUENTS OF NATURAL GAs HyYDRATES

A sample of pipe line “snow’” was obtained by venting a
section of pipe line which contained this snow to atmos-
pheric pressure and removing some of the snow to a sample
container where it was allowed to melt; the vapors evolved
were collected for analysis.
While the reduction of the

et pressure over the snow

o 7 ~ during the collection of the
o] ; sample probably altered
E ,, its composition somewhat,
St | the results of the analysis
B of the evolved vapors gave
some interesting informa-

X 1 1 -
o7 m{ et o 7 tloq .regardmg the com

position of the snow. The

results of this analysis to-

gether with typical analy-

Ficure 4. Fucacity CHART

Solid line, fugacity of water at a total
pressure of 500 pounds per square inch

absolute ; ses of the original gas
Brﬁl;_gx:atlene, fugacity of natural gas from the pipe line are

shown in Table I. Both
propane and isobutane are highly concentrated in the sample
of pipe line snow.
A study was next made with pure hydrocarbon gases and
water. The composition of these gases is shown in Table IL
Methane and water formed a hydrate which melted at
54.5° F. and 591 pounds per square inch absolute. This com-
pares with 54.8° on the natural gas hydrate curve (Figure 2).
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Ethane and water formed a hydrate which melted at 57°F.
and 460 pounds per square inch absolute, or 6° higher than
the natural gas hydrate at the same pressure.

TasLE II.

ComposITION OF PURE HYDROCARBON (GASES

METHANE n-BUTANE ETHANE

o o %
Methane 99.9 Isobutane 0.18 Methane 1.0
Ethane + pro- n-Butane 09.21 Ethane 97.0
pane 0.1 Isopentane 0.61 Propane 2.0
100.00 100.00 100.0

IsoBUTANRE HYDROGEN SULFIDE ProrANE
Isobutane 100.00 Hydrosen Ethane Trace
sulfide 99.7 Propane 100,00
Water 0.3 Isobutane Ni
100.0 100.0

Propane was mixed with nitrogen gas in order that the
total pressure on the apparatus could be increased to con-
ditions approaching actual pipe line operation—e. g., 600
pounds per square inch. The mixture of propane, nitrogen,
and water formed a hydrate. The following melting point
data were obtained: ;

M. P. or M. P. oF
Prorans NaruraL Gas
PRESSURE HyYDRATE HypraTe?
Lb./sq. in. LEIA o
620 54.5 55.5
405 50.0 49.2

@ From Kigure 2.

The nitrogen gas was now purged from the system so that
the propane hydrate was in equilibrium with pure propane
vapor and water vapor. The melting point of the hydrate
under these conditions was determined to be 45° F. at 163
pounds per square inch absolute. (While the vapor pressure
of propane at 45° is approximately only 85 pounds per square
inch, a total pressure of 163 pounds was possible because the
inlet end of the glass tube was in communication with pro-
pane that was at room temperature or about 90° F. This
condition necessitated the presence of some liquid propane
in the glass tube.) This melting point is 7° higher than at
the same pressure on the natural gas curve (Figure 2). This
increase in melting point might be explained as follows:
The hydrate exerts a definite vapor pressure. If an inert
gas (nitrogen in this case) is mixed with the propane-water
vapor over the hydrate, the same effect is produced as by
reducing the pressure in an ordinary distilling flask, apd n
this way the partial pressure of the hydrate vapor will be
reduced so that the hydrate will melt at a lower temperature
than if the pure hydrate vapor is in contact with the solid
hydrate. :

Isobutane and water were also mixed with nitrogen gas 1l
the same manner as propane. It was more difficult to ob-
tain a solid hydrate with isobutane than in the case gf meth-
ane, ethane, or propane. The following melting point data
were obtained:

M. P. oF M. P. oF
IsoBuTANE NATURAL GAS
Pressure HypraTE HYDRATE
Lb./sq. in. L R ° F.
833 58 60
617 53.3 55.5

The difficulty in the formation of the isobutane hydrate
in this case may be due to the relatively low vapor pressure
of isobutane. For example, at 40° F. the vapor pressure 9
isobutane is roughly one-third as great as propane. He{"?g
at any constant total pressure of a gaseous mixtu}‘e in whic
propane and isobutane are constituents, the partial pressure
of propane will be about three times greater than 1sob\_1t8ne":
i. e, the concentration of propane will be approxim& s}s
three times greater than isobutane, provided there 1s €xCe
liquid hydrocarbon in contact with the gaseous mmtur:;‘f-
Therefore, the probability of bringing the essential number
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molecules together into the correct position required for
crystallization of the propane hydrate would be about three
times as great as in the case of isobutane.

Normal butane and water were mixed with nitrogen in
the same manner as with propane and isobutane. A hydrate
could not be obtained with normal butane, although the total
pressure was varied
from 500 to 800
pounds per square
inch at 32° F. and at
various velocities of
the gas stream. The
reason offered for the
difficulty with which
theisobutane hydrate
was formed would
also explain the non-
formation of a normal
butane hydrate.
Likewise it might be
reasonably assumed
that all heavier hy-
drocarbons of the
paraffin series do not
form hydrates, at
least under the condi-
tions to which they would be subjected in pipe line operations.

Nitrogen and water, or oxygen gas and water, did not form
a hydrate at pressures as high as 900 pounds per square inch
and temperatures as low as 32° F.

TaBLE III. DatA on Gas HYDRATES
CaLcp.  PROBABLE
T T Q Q ForMULA  FORMULA
FROM DE FORCRAND (7)

A 86 229.2 13.30 6.87 A + 45H.0 4orb
CHy 109 244 16.35 7.32 CH(+ 6.3H:0 6
194.8  251.8 16.16 7.55 ) 6
N:O 185 253.7 16.29 7.61 6 6
C:H, 188 257.6 15.92 7.73 5.7 6
C:He 185 257.2 17.71 7.71 7 7
C:Hy 169 259.8 18.34 7.76 7.4 7
3 188 266.6 16.44 8.00 5.9 6
H.S 211 273.35 16.34 8.20 5.7 6
C:HsF 241 276.7 20.12 8.30 8127 8
0, 263 280 19.83 8.40 8 8
CHiCl 250 280.5 18.83 8.41 7.2 7
12 238.4 282.6 18.36 8.48 6.91 7
rs 332 >273 ? ? 10 10
H:Se 231 281 16.82 8.43 5.87 6

CALCULATED FROM DATA OF THIS REPORT

CH, 265.6 16.73 7.97 6.1 6
C:Hsg 266.9 16.92 8.01 6.2 6
CiHg 267.7 18.19 8.03 7631 7

When hydrogen sulfide and water were admitted to the
apparatus, the glass tube immediately became fouled, and it
was impossible to determine visually whether a solid had
formed. However a sudden pressure drop of 100 pounds
per square inch across the apparatus was fairly conclusive
evidence that a hydrate had formed.

CompLExITY OF THE GaAs HyprATE MOLECULE

Wroblewski (7) determined the complexity of a number
of gas hydrates in an indirect manner by meansof gasvolumet-
ric measurements where he introduced a small drop of water
of known weight into an eudiometer tube which contained
the compressed gas at a definite pressure. After reading the
volume of the eudiometer tube, the small drop of water was
converted to the gas hydrate in which case the same volume
of gas exerted a smaller pressure.

While this investigation did not include a study of the com-
position of gas hydrates, some data were obtained that per-
mit the calculation of several of them according to the method
employed by de Forcrand (7) who obtained the results, shown
n Table III, by means of the following relationships:

Q =Q +1430n (2)
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or (4] = ()
%= 1430 ©)
where
Q' = heat of formation of hydrate (gaseous mol. and liquid
water), Cal.
@Q = heat of formation of hydrate (gaseous mol. and solid
water), Cal.

n = no. of mol. of
water in hy-
drate

1.430 = heat of fusion
of 1 mol. of

liquid water,

Cal. :

T’ = m. p. of hy-

drate at atm.

pressure,
° absolute

T = normal b. p.,
¢ absolute

P, = vapor pres-
sure at 7'y

P, = vapor pres-
sure at T,

From Trouton’s

ratio:

REFRIGERATION Prant witH ConrtroL BuiLpING 1N FOREGROUND

Q/T' = K = 0.030

Gasoline absorbing columns in right rear. (4)

For a value of K = 0.030, de Forcrand claimed an accuracy
of 1/15.

If the observed points on the melting point-pressure dia-
gram (Figure 2) are plotted on logarithmic paper, a straight
line results. If lines are then drawn through the experimen-
tally determined points for methane, ethane, and propane,
parallel to the curve for natural gas hydrate and extended
to a pressure of one atmosphere, the value of 7’ may be read
directly and the value of @ calculated from Equation 4.

Q" may be calculated from known vapor pressure data by
means of the Clausius-Clapeyron equation which has been
integrated by Findlay (4) as follows:

= PIT)
Q' = 4572108 oo (5)
Values of Q' were calculated from data in the International
Critical Tables.

The results of these calculations are shown in Table III
where it may be seen that the formula for methane hydrate
is the same as that calculated by de Forcrand while ethane
hydrate contains one less molecule of water. Since propane
hydrate has apparently never been reported, no comparisons
can be made in this case.

Unfortunately the melting point data for isobutane hy-
drate cannot be used in the above manner because it was
mixed with an indefinite quantity of nitrogen gas prior to
the formation of the hydrate.
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Tower Absorption Coefficients
VI. Absorption of Ethylene Dichloride!

H. B. OsBorn, Jr., Anp C. W. Snmvons, Lehigh University, Bethlehem, Pa.

ECOVERY systems for
R various organic and in-
organic vapors, resulting
from solvent treatments, have
long been under consideration
and development. The cost of
the necessary equipment and the
value of the recovered product
are the determining features
of the feasibility of reclama-
tion.
A rather simple solution of
such a problem is found in a

An 85 per cent recovery of ethylene dichloride is ~ rectification, provides an
accomplished by a counlercurrent absorplion effﬁc‘t‘;}nﬁ mea(rll_slf;)r ,t(i‘e IECOVELY.
system with kerosene, followed by rectification. ~ © V"¢ e e
In practical applicalion, higher yields can be ob-
{ained by providing grealer lenglh of time of con- & i

; APPARATUS. n experimen
lact of carrier and e:c{ractor. ' e to bitailax stoi thabTusedRby

Absorption coefficients for an ethylene dichlo- S}mmcclms and Long 52) w%s em-

1 ) > oyed. A Pyrex glass tower
rzde—ke)."osene syste'm have been.deter"mmed and 19’0 ycm_ l50e i e
vary with flow ratio, as shown in Figure 1. A  side diameter was equipped for

7 v i . 4 countercurrent absorption. The
logarithmic plot will yield a straight line. e R

spheres having an average diame-

PROCEDURE

countercurrent absorption system followed by rectification ter of 1.85 cm. to a filled height of 68.5 cm. The drain-free

volume ratio was determined and checked with previous work

of the extractor. The success of such treatment is dett?rmmed at 0.414, giving a gross volume of 2.83 liters and a drain-free
by the properties of the solvent to be recovered and its rela-  yolume of 1.175 liters. The wash oil used was kerosene of the
tionship to the extractor. Obviously, it is necessary to find following specifications:

an e_:ctltrac;t.or Whécht‘.zﬁl easﬂyt.dlsso}}ve 1;he1 solvent under ﬁer‘wi% at 20° }g SRy 168'808
consideration and at the same time have a low vapor pres- olecular weig!
Vo DORs DLe Universal-Saybolt viscosity (21° C.), seconds 34

sure and a boiling point not too close to that of the solvent.

The use of ethylene dichloride as a solvent in various in- Air was supplied at constant pressure through a wet test

meter, carefully dried in a large calcium chloride tube, Eassed
thylene

dustne.s resg]ts in waste gases 'contammg 22 h 1g.h s 19 DEL through an electric furnace, and finally bubbled through e

cent dichloride. The solvent is a colorless_hquld having & gjchloride. The amount vaporized depended upon the sensible
specific gravity of 1.265 and a molecular weight of 98.95; it  heat of the air. Hence, careful control of the air temperature in
is slightly soluble in water and quite soluble in various or- the heater made it possible to produce any desired concentration

of ethylene dichloride.

ganic liquids. The boiling point is 83‘5? C. : The air mixture was tested for ethylene dichloride before and
A good extractor for such a substance is found in kerosene  4fter serubbing by means of a bleeding system running directly

in which it is miscible in all proportions; the kerosene has a  to a modified Orsat.

low vapor pressure and a boiling point well over 100° C. It The combustion of ethylene dichloride in excess oxygen is repre-
is desired to show that a simple countercurrent absorption Sented by the following equation:
system of kerosene and ethylene dichloride-air, followed by 2C.H,Cl, + 50, —> 4CO, + 4HCI + 2H,0

1 Previous articles in this series have appeared in INp. Exa. CHEM, as A mixture of the ethylene dichloride with air was led into the

follows: I and II, 19, 989 and 991 (1927); III, 22, 718 (1930); IV, 24,301  usual measuring cylinder and ignited in a combustion chamber

(1932); V, 26, 529 (1934).

C:H.Cl:
TEST In Out
%o %o

1 3.5 0.448
2 4.4 0.512
3 6.3 0.913
4 7.4 0.991
5 5.3 0.600
6 4.9 0.519
7 5.7 0.991
8 0.45 0.073
9 5.5 0.871
10 2.6 0.532
11 3.0 0.621
12 4.1 0.639
13 4.7 0.721
14 5.7 0.834
15 5.2 0.761
16 3.4 0.753
17 4.3 0.781
18 2.3 0.932
19 1.0 0.416
20 3.1 0.713
21 3.7 0,762
22 4.1 0.931
23 3.9 0.876
24 1.8 0.312
25 2.0 0.300
26 2.6 0.410
27 4.8 0.760
28 2.01 0.310
29 2.3 0.425
30 1.0 0.210

with excess oxygen; the products of combustion then passed

TABLE I. ABSORPTION OF ETHYLENE DICHLORIDE

MoLe TEMPERATURE OPBRATING Ansonnlt{x
FLow Av. Gas Extractor FREE COEFFICIENT,
EXTRACTOR CARRIER RarTio, f PRESSURE in out Vor. K
Gram-moles per min. Mm. Hg e °.C. Liters
8.58 0.930 9.23 760.15 23.7 29.1 0.967 47.1
9.62 0.975 9.87 760.15 23.7 20.0 0.941 b2
7.54 0.933 8.08 760.3 23.7 29.1 0.992 43.6
6.92 0.930 7.45 760.4 23.6 29.1 1.008 41.6
6.71 0.931 7.21 760.7 23.7 29.1 1.012 41.
9.11 0.930 9.78 760.0 23.5 29.0 0.953 47.%
6.51 0.931 7.00 760.0 23.5 29.0 1.017 39.l
6.72 0.931 7.22 760.0 23.7 29.2 1.007 40.8
7.28 0.930 7.83 760.0 23.6 29.2 1.003 dlis
6.62 1.012 6.53 759.1 23.7 29.2 1.014 38.
6.27 1.000 6.27 759.1 23.6 29.2 1.022 37.%
9.01 1.000 9.01 759.1 23.7 29.1 0.957 et
7.56 0.931 8.13 759.8 23.8 29.1 0.992 e
7.67 0.935 8.21 759.8 23.8 29.1 0.984 820
8.31 0.951 8.75 758.3 23.8 29.1 0.973 :
5.7 0.956 6.00 761.1 23.6 29.0 0.936 S
5.55 0.971 5.72 758.3 23.6 29.0 1,040 §0~7
1.13 0.952 1.19 758.3 23.6 29.0 0.900 34
1.10 0.987 1.11 761.1 23.7 29.0 0.907 %5
1.87 0.930 2.01 761.1 23.6 29.1 1.060 31
5.28 0.971 5.44 758.1 23.8 29.1 1.047 3
4,05 0.971 4.17 758.5 23.6 29.2 1.076 i
3.41 0.971 3.51 758.5 23.8 29.0 1,002 2
5.72 0.930 6.15 761.1 23.7 29.2 1.047 A(h
7.57 0.999 7.58 761.3 23.6 29.1 1.090 A
7.41 1.012 7.31 761.3 23.8 29.1 1.004 22-3
9.24 1.012 9.12 761.3 23.6 29.1 0.950 375
9.46 1.012 9.36 761.3 23.7 29.1 0.939 250
11.90 1.252 9.50 760.0 23.7 29.0 1. 1972
12.05 1.252 9.63 760.0 23.7 29.0 0.931 :
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L e e yalusiand jebecrpaoniccs
SApOrVandithetremainin (290d efficients obtainable from
carbon dioxide was absorbe 55" A the equation of Bennetch
in potassium hydroxide. Bas| P and Simmons (1), are listed
Thisprovided a.quick method & s IA# Table [ Tha . coeft;
dlishA sonn teatibaiin SR s dentsinays been iplogted
the air, as it is easily calcu- i | o—o—| against mole flow ratio in
lated directly from the carbon 2 : L ; - . - - — Figure 1.
dioxide formed. : MOLE FLOW FATIO = £ Rectification of the ex-
In order to determine the Ficure 1. ABsorpTioN COEFFICIENTS For ErnyrEne Di- tractor containing various

accuracy of this method, a
measured quantity of air was
bubbled through the dichlo- !
ride in the bubble tower for one hour. The amount vaporized
was determined by replacement method and the composition of
the air mixture was calculated from these determinations. The
Orsat analyses run on this mixture during the hour remained
substantially constant and checked the determination by the
method just described to two decimals in percentage composi-
tion.

The air supplied through the wet test meter had an aver-
age humidity of 26 per cent at 20° C. and corrections were
made for this in determining the dry volumes used in the
calculations. Each run was in operation for 30 minutes before
any data were taken. These data, together with calculated

CHLORIDE

amounts of ethylene dichlo-
ride produced distillates
with & maximum concentration of 0.02 per cent kerosene
in the dichloride.
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Todine Reducing Value of Orange Juice
Effect of Sodium Benzoate and Heat

M. A. JosLy~ anp G. L. MarsH, Fruit Products Laboratory, University of California, Berkeley, Calif.

biological assay, that sodium benzoate apd varipus other

substances which had a preservative action ggamst gross
fermentation of lemon juice exerted a destructwe‘effect on
vitamin C, two additional papers in which practically the
same conclusion is reached have appeared. Bennett and
Tarbert (1) claim as a result of very limite(‘l investigations
that the use of any preservative which is efficient in prevent-
ing fermentation is followed by a decrease and eventually a
disappearance of the indophenol reducing power of lemon
juice. They conclude that in
untreated juice the reducing
factor is protected from atmos-
pheric oxidation by the action
of an enzyme which, if inhibited
or destroyed by the usual
means, results in rapid loss of
reducing power. Cultrera (2)
presents data based on 2,6-di-
chlorophenol-indophenol titra-
tion and on biological assay in-
dicating that lemon juice pre-
served with 350 p. p. m. of sulfur
dioxide rapidly loses its anti-
§c0r})utic power, thus confirm-
Ing In part the findings of Ben-
nett and Tarbert. Although it
was early shown that vitamin
C is readily destroyed by oxi-
dation, especially at high tem-
peratures and high pH values,
the idea that commonly used
foo_d preservatives, such as
sodium benzoate and sulfites,
actually destroy antiscorbutic

SINCE the report of Williams and Corran (5), based on

available oxygen.

reducing power.

Dala reported here show that the iodine re-
ducing power of orange juices does not diminish
a great deal in storage in the absence or presence
of preservatives and/or heal trealment, provided
oxidation is relarded or prevented from occurring
by such procedures as vacuum-sealing or canning.
In samples exposed lo air the reducing factor is
rapidly oxidized. The amount of loss of reducing
value occurring is conditioned by the amount of

The writers believe that an enzyme prolecting
the reducing faclor from atmospheric oxidalion
does nol exist in fresh orange juice but that such
a prolective agency may be elaborated in fermented
Juice by the causalive organisms.

It is concluded thal the loss in reducing value of
orange juice is due to oxidation and that preserta-
tives of the benzoale type or heal lreaiment in the
absence of air have no destructive action on the

vitamin is novel and, if true, of great concern to the industry.
The results of the above investigators, however, are contrary
to those obtained by Morgan et al. (4) which indicated that
sodium benzoate in concentration of 0.10 per cent was without
effect on the vitamin C potency of sweetened orange juice.
Certain results obtained in the course of this study of the
changes occurring during the deterioration of orange juice seem
to indicate that the destruction of reducing value and vitamin
C contentobserved in preserved juices is due to oxidation rather
than to some little-understood effect of the preservative. Pro-
longed storage studies made to
determine the factors involved in
the darkening of bottled orange
juice indicated that the iodine re-
ducing power of the juice was
more rapidly lost under certain
storage conditions than under
others. Some of the early data
obtained on the rate of loss of
iodine reducing power of the juice
has some bearing on this particu-
lar problem, and it is therefore
presented at this time. Although
the iodine reducing value may
not be as specific a measure of
ascorbic acid content of orange
juice as 2,6-dichlorophenol-indo-
phenol titration, it has recently
been shown that it is fairly reli-
ablein indicatingrelative changes
in ascorbic acid content of
orange juice exposed to air (3)
as in the present investigation.
If this is true, the results re-
ported here indicate thatdestrue-
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TasLE I. ErrFecT oF HEAT AND BENZOATE ON THE DECREASE IN IoDINE TITRATION OF ORANGE JUICE WITH STORAGE
(In cubic centimeters)
DAyYs STORED AT RooM TEMPERATURE —
SAMPLE TREATMENT 0 7 14 28 42 3 178 316 410
A 0.29% sodium benzoate added 23.0 20.0 13.5 12.0 13.5 8.5 15.0 14.0 7.0
B Pasteurized at 79.4° C. for 20 min. 22.5 18.5 15. 11.0 10.0 8.5 9.5 8.5 6.0
C Pasteurized as above, opened, 0.2% sodium benzoate added 22.0 15.0 13.0 14.0 14.5 11.0 8.0 9.5 4.0
D Deaérated, pasteurized at 79.4° C. for 20 min. 22.5 15.5 12.0 5.5 8.0 5.5 7.5 5 5
E Deaérated, vacuum-sealed, pasteurized at 79.4° C. for 20 min. 23.0 22.0 20.0 20.0 19.5 20.0 17.5 16.5 14.5
G 0.29% sodium benzoate adcied. pasteurized at 79.4° C. for 20 min. 20.0 15.0 12.0 11.0 11.0 10.0 8.0 9.0 6.0
H Pasteurized as above, opened, 0.2% sodium benzoate added 20.0 15.0 11.5 11.5 11.0 9.0 7.5 7.0 5
I Deaérated, pasteurized at 79.4° C. for 20 min. 19.5 16.0 14.5 8.0 11.0 9.5 7.0 6.5 4.5
J Deaérated, closed under vacuum, pasteurized at 79.4° C. for 20
min. 21.0 20.0 19.5, 18.5 . 18.5 .20.0 ..18.5 5 18,5 14.5
TasLE II. ErrecT OF EXCESSIVE AMOUNTS OF SODIUM BENZOATE AND OF TEMPERATURE OF HEATING ON THE DECREASE IN IODINE
TITRATION
(In cubic centimeters)
DAys STorRED AT RooM TEMPERATURE
SamMPLE TREATMENT 0 7 4 21 28 42 81 274
L 2.0% sodium benzoate added 28.7 22.2 15.9 12.9 11.0 7.8 5.8 5.2
M Pasteurized at 79.4° C. for 25 min. 27.8 16.5 13.6 8.5 8.0 6.3 3.3 3.2
N Pasteurized at 100° C. for 25 min. 26.5 21.6 13.8 8.5 6.1 45282008275 2.5

tion of ascorbic acid in preserved juices is due chiefly to oxi-
dation.

In studying the effect of pasteurization and sodium ben-
zoate upon the color changes occurring in orange juice stored
in glass containers, the iodine reducing value was determined
on the various samples at periodic intervals throughout the
duration of the test. These values, recorded in Table I,
represent the amount of 0.01 & iodine required to oxidize the
reducing materials present in 50 cc. of orange juice.

The orange juice was extracted from fruit of the Valencia
variety obtained from the Citrus Experiment Station at
Riverside, Calif. Two lots of fruit at different stages of ma-
turity, of the following analysis, were used:

First SECOND

Lot Lot
Total titratable acidity as % citric 0.852 0.656
Balling degree, 20° C. 12.50 12.70
Ratio, Balling/acid S 14.7:1 19.4:1
Original iodine value, ce. 0.01 & I5/50 cc. juice 23.0 21.0

Samples A to E in Table I were prepared from the first
lot, and samples G to J from the second. Samples A, B, and
C consisted of 200-cc. portions of strained juice placed in
225-cc. crown-capped glass bottles. Sample D consisted of
100-cc. portions in 225-cc. bottles. Sample E consisted of
100-cc. portions of juice packed in 120-cc. wide-mouth jars
and sealed with an Anchor closure under a pressure of 15.2
cm. of mercury in a machine designed for this purpose. The
size and style of bottles and the quantities of juice in samples
G to I were similar to those of A, B, and C, while J corre-
sponded to E in these respects. One bottle of juice was
sampled at each time of analysis.

In order to confirm and extend the results obtained in the
first test, a second series of samples was prepared one year
later. In this test 100-cc. portions of Valencia juice were
packed in 195-cc. crown-capped bottles and treated as shown
in Table II. A large amount of sodium benzoate, ten times
that added in the previous test and about twenty times that
ordinarily used for preservative purposes, was added to lot L
in order to accentuate its effect.

In a series of tests conducted to determine the effect of
various metallic ions on the flavor and color of orange juice,
it was observed that certain cations had a marked effect on
color. Some tended to increase the rate of browning and
others exerted an inhibitory effect toward color change.
Chief among those increasing the rate of browning was Fe*
while Sn** protected orange juice from color change for
longer periods of time. The decrease in iodine reducing
values of juices containing 200 p. p. m. of Fe** added as fer-
rous sulfate and 200 p. p. m. of Sn** added as stannous
chloride, in comparison with an untreated sample, is shown in

Table III. The samples consisted of 130-cc. portions of fil-
tered Valencia orange juice containing 0.2 per cent sodium
benzoate, stored in cotton-stoppered 4-liter bottles at room
temperature. The initial iodine titration on all three lots
was 19.4; and the addition of Fe** caused a definite initial
decrease, whereas the presence of Sn** resulted in an increase
due to its iodine reducing effect. A 50-cc. portion was with-
drawn periodically for titration.

The iodine reducing values of a set of experimentally canned
Valencia orange juice samples after storage at room tempera-
ture and at 0° C. are shown in Table IV. The juice, after
deaération, was flash-pasteurized by passing it through an
aluminum coil surrounded by hot water a few degrees higher
than the temperature to which it was desired to bring the
juice. The time of exposure to the various temperatures was
less than one minute; the cans were completely filled with the
hot juice, sealed, and cooled in running water. ;

Since it was noted that the rate of decrease in iodine re-
ducing value, when all other conditions were constant, was
limited by the availability and rate of solution of oxygen, &
detailed study was made of the kinetics of the oxidat'loll of
juice as determined by iodine titration. Fifty-cc. poytlons of
centrifugalized, freshly extracted Valencia orange juice Were
shaken in tightly stoppered 250-cc. Erlenmeyer flasks i a
head space of air and of oxygen in a thermostat at 25 C.
The iodine titrations were made periodically. Care Was
taken to maintain constant conditions of shaking and ex-
posure. The juice for these tests was stored in partly filled
120-ce. containers closed under a pressure of 15.2 to 25.3 cm.
of mereury for a few days at room temperature and aftgrwards
at 0° C. Since only 70 cc. of benzoated juice were I each
container, some oxidation took place. Thus, the lodine tI-
tration decreased from 32.9 to 81.2 in 5 days and remain
constant on 4 succeeding days, after which it was used in these
tests. Storage at 0° C. for 157 days resulted in a further
slight decrease to 29.0. The results obtained are shown 10
Figure 1, based on titrations in duplicate or triplicate. :

A comparison of the decrease in iodine reducing _value 0
freshly extracted navel orange juice, of the same juice m"ter
addition of 0.2 per cent sodium benzoate, and after he.at1ng
at 100° C. for 3 minutes was made in the same manner 2y
shaking 50-cc. portions of the juice with oxygen for 6 hour?-
No marked difference between the rates of oxidation of th&‘he
lots of juice was obtained; the values agreegi within tt'e
experimenal error. Some difficulty was experienced 10 "E
trating the oxidized, strained navel juice in the presencelo
added acid since the end point was green rather than the blue
of the starch-iodine.,

Further tests with samples of benzoates
orange juice stored in completely filled bottl

or pasteurized
es did not give
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any appreciable decrease in iodine titration after a slight
initial decrease, probably because of the oxygen dissolved in
the juice.

DiscussioN oF REsuLTs

The role oxygen plays in decreasing the reducing value of
orange juice in glass is strikingly brought out by a compari-
son of the vacuum-sealed samples of Table I which decreased
in reducing value only 35 per cent after 410 days of storage,
while all other samples except A decreased in reducing value
by approximately 65 per cent after 63 days of storage. The
variations in the titrations noted for A are, as explained be-
low, ascribable to the presence of mold in certain samples.
Slight changes in iodine value occurred in all pasteurized
samples during the heating process, except in those which
were vacuum-sealed. The greatest reduction in iodine value
thereafter occurred during the first 14 days of storage. The
limit to which the loss in iodine reducing value occurred was
- determined by the apparent removal of oxygen from the head
space of the bottle. All the samples sealed at atmospheric
pressure at the time of preparation were under from 2.5 to
7.5 cm. of vacuum when tested on the sixty-third day of
storage. Further evidence that loss in iodine reducing value
is an oxidative process was also furnished at this sampling
period. It was noticed that certain samples of A and C were
lighter in color than other members of the same series. Ex-
amination showed that these samples had considerable mold
growth on the inside cork surface of the crown seal. When
the iodine values of the light colored samples were compared
with those of the dark colored samples they were found to be
considerably higher—e. g., 16.5 for the former and 9.5 for the
latter. The mold in this case had apparently competed with
the reducing factor for the oxygen in the head space, and
this accounted for the observed slower rate of oxidation.

The rate and amount of loss in reducing value was also con-
trolled by the amount of oxygen present—that is, by the size
of the head space. Samples A, B, and C, as already stated,
contained 200 cc. of juice, allowing 25 cc. head space, while
sample D, on the other hand, contained only 100 cc. of
juice, allowing 125 cc. head space. Sample D, which was de-
aérated by subjecting the juice to a vacuum of 73.7 em. for
10 minutes prior to treatment, in order to remove entrapped
and dissolved oxygen gained during the extraction operation,
darkened at a faster rate and to a slightly greater extent than
A, B, or C.

This evidence indicates that decrease in iodine number is
caused not so much by heating or sodium benzoate as
by the oxygen in the head space of the container. In-
creasing the head space increases the rate of diminution of
lodine reducing substances as shown in Table II. Large
amounts of sodium benzoate had no more pronounced effect
on loss of reducing value of the juice than did pasteurization.
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If anything, the rate of decrease in iodine number was less in
the presence of sodium benzoate. Increasing the partial
pressure of oxygen by substituting oxygen for air and main-
taining the juice saturated with oxygen by shaking, increased
the rate of loss of iodine reducing value as shown in Figure 1.

The iodine values of canned orange juices, as shown in
Table IV, remain practically constant even after storage for
one year. The presence of dissolved tin in the juice and the
fact that the tin plate maintains a reducing atmosphere in the
can probably account for this. Increase in iodine number

1= AR
} 2= IN DXOYGEN

WOURS

; : l

s w0 s 20 25 Jo 75 40 43
Ficure 1. RATE or DEcreaseE 1N Iopine ReEpucinG VALUE

oF ORANGE JUICE SHAKEN wiTH AMPLE SUPPLY OF AIR OR
OXYGEN

due to_the presence of dissolved stannous salts is responsible
for the relatively high iodine reducing number of canned
juice packed in plain tin cans. Increase in temperature of
processing had little effect on the change of iodine reducing
value.

Exposure of a large surface to air resulted in a more rapid
rate of decrease in reducing value. Thus, in the data reported
in Table III the presence of a good supply of air resulted in a
more rapid rate of decrease in iodine reducing value, even in
the presence of tin, than was found in Tables I and II for closed
containers.

The previous investigators apparently did not control the
oxidation of their samples during their tests. They do not
indicate whether or not the juices were freed of oxygen and
stored out of contact with air. The fact that their preserved
juices actually decreased in reducing value indicates that
oxidation probably took place. Their use of fermented or
fermented and moldy samples as controls may be criticized
on the basis that the elaboration of reducing principles by
these organisms, the presence of carbon dioxide in the juice,
or removal of dissolved oxygen from the juice by these organ-
isms causes the conditions of oxidation in the control to

TABLE III, ErrECT OF IRON AND TiN CATIONS ON DECREASE IN JoDINE REDUCING VALUE OF ORANGE JUick i OPEN CONTAINERS

(In cubic centimeters)

TREATMENT
Clarified, 0.29% sodium benzoate added
Clarified, 0.2 % sodium benzoate plus 200 p. p. m. Fe** added
Clarified, 0.2%, sodium benzoate plus 200 p. p. m. Sn+* added

DAys StorEDp AT RooM TEMPERATURE
3 5 )

TapLe IV. CHANGES IN [oDINE TITRATION OF CANNED ORANGE JUICE

(In cubic centimetérs)

Bamrre No. TREATMENT

Deaérated, flashed at 85° C.; plain tin cans

Deaérated, flashed at 79.4° C.; plain tin cans

Deaérated, flashed at 73.9° C.; plain tin cans

Deaérated, flashed at 85° C.; ordinary enamel cans
Deaérated, flashed at 85° C.; charcoal plate cans

Deaérated, flashed at 85° C.; dark colored citrus enamel cans

@ Val b fter th
detinned‘: ues may be high; about 2 hours elapsed after the

Values in parentheses indicate samples stored at 0° C.;

O O GRS

0 1 17

19.4 16.5 12.0 6.5 3.0 2.5 2.5

17.0 13.0 9.5 5.5 3.5 2.5 2.5

29.0 24.0 18.0 12.0 7.0 3.5 2.5

Days STORED
0 9 15 367

40.5% 33.5 33.5 (34.0)% 39.0 (36.5) 37.0(37.0)
34.0° 33.0 36.0 (33.0) 40.5 (36.0) 42.0 (37.5)
35.5% 34.0 36.0 (34.0) 41.5 (36.5) 46.0(38.0;
31.5 30.0 27.5 (29.0) 27.0 (31.0) 26.0(31.0
32.0 33.0 30.0 (29.5) 32.5 (36.0) 30.5(32.5)
30.0 29.0 26.0 (28.0) 28.5 (30.5) 27.5(30.5)

opening of the cans and the iodine titration, during which time the plain tin cans became markedly

jui 1ass as soon as the tins were opened.
In all subsequent tests the juice was removed to g n:u others were stored at room temperature.
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differ from that in the preserved samples. The presence of
these organisms and spoilage of juice merely inhibited oxida-
tion which was allowed to occur in the preserved samples.
The authors have also observed the loss of reducing value in
fermented orange juice exposed to oxidation after the dis-
charge of the carbon dioxide by filtration by suction.

In the presence of reducing substances more readily oxi-
dized by air than ascorbic acid, destruction by oxidation of
vitamin C is inhibited until these are used up. From pre-
liminary data it would appear that Sn** and sulfites at cer-
tain concentration behave in this way. Experiments are now
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under way to determine the extent and nature of their protec-
tive action.
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Countercurrent and

Multiple Extraction

Taeopore W. Evans, Shell Development Company, Emeryville, Calif.

Easily accessible graphical methods exist for the calculation of theoretical efficiencies in both
mulliple and countercurrent extraction. These methods vary as the solvents can or
cannol be constdered immiscible, being simpler in the former case.

XTRACTION processes in the past have received con-
E siderable attention because of their utility, and at
present are coming still more to the foreground in
various industries. There are two general methods of opera-
tion—multiple extraction, in which the solution to be ex-
tracted is contacted with successive lots of fresh solvent, and
true countercurrent extraction. It is generally recognized
that of the two the latter is by far more efficient but, at the
same time, more difficult to realize. Thus, equipment for
multiple extraction is relatively simple, the minimum re-
quirement being only an agitator which can also serve as a
settler and separator, so that the solution may be easily
treated any number of times in the one piece of equipment.
For countercurrent extraction, on the other hand, an exten-
sive outlay is required to convey the layers from mixer to
mixer, as well as a mixer for each stage. While towers can
be substituted for mixers, they seem in general to be equiva-
lent to a relatively small number of perfect plates or mixers.
Consequently, in order to balance the relative merits of the
two methods, it is

© desirable to have
5 some simple and
35 rapid means by
beiny P . .
5 ) which, knowing
S e the feeds and equi-
R e libria involved, the
53 effects of a definite
S8 (7 %
BN . A number of stages
2 of both multiple
S N and countercur-
GRS SKUTE FER GANTT J%Lrﬁ.,"rﬁ rent extraction can
S il eds be calculated. In
Figure 1. MurtipLe ExtracTiON FOrR  this way the rela-

IdMISCIBLE SOLVENTS tive results and

efficiencies to be

expected can be estimated and a decision made as to which
will be preferable in practice, or whether either will be feasible.
The literature in this field is widely scattered. The prob-
lem for multiple extraction in case the solvents are immiscible
and the partition law holds has been explicitly solved for some
time, as well as the corresponding countercurrent situation
(1, 3, 4, 5, 8, 9). For partially miscible solvents, or in case
the partition law does not hold, explicit solutions are appar-
ently not available, although Friedrichs (2), Sanders (7), and
Walker, Lewis, and McAdams (10) treat these cases with

certain restrictions. The analogy between distillation and
extraction has been extensively developed by Saal and van
Dyck (6) in one of the most important papers in this field.
They show that similar methods of computation can be em-
ployed in both processes. Their methods have recently been
discussed by Hunter and Nash (5).

Because of the importance and utility of the subject, it
seems worth while to collect in one easily accessible place the
various methods of solution. As a start in this direction, the
following graphical methods of treating present the different
situations. These methods are independent of the form of the
distribution curve but require a knowledge of the eqm_llh'
rium distribution curve for the system under consideration.
The case in which the solvents can be considered immiscible s
probably of greatest interest, since many practical systems
can be so considered for purposes of preliminary calculation.
By making this approximation, the results are obtained
rapidly, and in any case they can serve as tentative figures.
The multiple extraction method developed here seems to be
novel, while the countercurrent extraction method is a gen-
eralization of the work of Sanders (7).

For the sake of completeness the corresponding cases of
partially miscible solvents are also considered. The mul-
tiple extraction here is but a statement of the elementary
properties of the triangular graphs, while the countercurrent
extraction is a somewhat detailed exposition of the meth
outlined by Saal and van Dyck (6). These more involved
methods may be used when greater precision than can be
obtained by the foregoing approximations is desired.

MurripLE EXTRACTION, IMMISCIBLE SOLVENTS

In this method of operation the solution to be e:ctrach?fi
is treated with a portion of the extracting solvcnf;, the ex-
tract removed, and the resulting extracted solution again
treated with fresh solvent, ete. : j

In Figure 1 let curve I represent the distributional equ-
libria existing between solutions of a common solute 1n solvents
A and B, the compositions being taken on the basis of gr?{“?
solute per gram of solute-free solvent. Suppose an ‘mtli‘e
solution of a grams of solvent A containing zo grams of solu

per gram of solvent A is to be extracted three times, ei‘;lf
time with b grams of pure solvent B. Denoting the c:}?:ith

trations in the two phases at equilibrium at the en_d of .
extraction by (z:, ¥:), the material balance equations are:
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ary + by = axo
azxy + by = ax
azx; + bys = az,

From these equations we have by rearrangement:

To—x b

U a
or, generally Ticy — %

Ys

SRS

By means of these relations we can easily determine the
composition of the solution at each step as follows: Referring
to Figure 1, the point (2, 0) on the z axis gives the composi-
tion of the initial solution before extraction. The point
(21, 1) (which is temporarily unlocated) represents the com-
position in the solution (z;) and extract () at the end of the
first extraction of the solution by pure solvent B. Since
these two phases are in equilibrium, (z;, 71) lies on curve I.
Assuming for the moment that the location of (z1, 7)) is
known, drayw the line from (zo, 0) to (z1, 1), making the angle ©
with the perpendicular at (zo, 0) to the z axis.

Still referring to this construction, it is seen that, from the
definition of the tangent of an angle, the tangent of angle ©
is given by (zo—21)/y. Bub (xo—21)/y1 = b/a,andband a
are known under the conditions of the problem. Hence © can
be determined from trigonometrical tables. Consequently,
to locate (z;, 1), a line is drawn through (zo, 0) such that
tangent © = b/a. The intersection of this line with I will
give (z1, 1), since this point (zy, 1) will satisfy all the condi-
tions imposed on it by the problem—namely, that it lie on
I, and that (zo — 2) /7 = b/a.

Proceeding similarly from the point (z;, 0), the next point
(%2, 2) is secured, ete. In case different amounts of solvent
are used in the different stages, then the ratio b/a varies from
point to point, and with it the angle ©, but the relation tan-
gent © = b/a will always hold for each point.

It may happen that, instead of using pure solvent B to ex-
tract the solution in A, recovered solvent B, which is not
entirely solute-free, will be employed. Suppose this to be
the case and that solvent B contains m grams of solute per
gram of solvent. In this case the material balance equation
becomes

azr, + by = ary + bm

Zo — 1
Y=

SRS

or

S

By precisely the same reasoning as before it is readily seen
that the only effect this has on the geometrical construction
18 to replace the z axis as the starting line by a parallel line
located m units higher—namely, the line y = m. In other
words, instead of the first line being laid off through the point
(2o, 0), it is laid off through (zo, m), still making an angle ©
such that tangent © = b/a with the perpendicular at that
point.

The foregoing argument tacitly presupposes that the same
scale is used on both z and y axes. This is, of course, not al-
Ways convenient. Suppose, for example, that 1 cm. on the
Z axis corresponds to 0.01 gram of solute per gram of solvent
4, whereas 1 ¢m. on the y axis corresponds to 0.02 gram of
solute per gram of solvent B. The relation (zo — 2:1)/1h =
b/a still holds, in that to compute zo — z; the numerical value
of , is subtracted from that of 22, etc. On the other hand,
looking solely at the graph, the ratio (zo — 1)/y1 as deter-
mined by dividing the distance in centimeters between the
points (z, 0) and (zy, 0) by the distance in centimeters be-
tween (zy, 4,) and (zy, 0) will evidently be twice that deter-
mined in the true fashion by considering the magnitudes of
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the points. In other words, the angle © must now be taken
such that tangent © = 2b/a. A similar formula is obvious
for any other ratio between the two scales.

The above process is also easily reversed; that is, given a
solution of a certain concentration, the amount of extracting
solvent required to reduce it to any desired concentration in
one or more steps can be readily determined. To illustrate
this, suppose it is desired to reduce the concentration of the
solution in Figure 1 from zy to z; in one step. To calculate
the mass of extracting solvent required per unit mass of
solute-free solution, it is necessary only
to join the point (20, 0) on the z axis
to the point (z3, ¥5) on the equilibrium
curve. If this line makes an angle ¢
with the perpendicular to the z axis at
(0, 0), then, using the previous nomen-
clature and similar reasoning, b/a =
tangent ¢. The solvent required per
unit mass of solute-free solution is
given by letting @ = 1, or b = tan-
gent ¢. In case it is desired to reach
73 by two successive extractions, a line
is drawn from (zo, 0) to an interme- i
diate point (1, 71) on the curve, and l' Y%

X

7

Xr
Y

1&4L1F >

then from (21, 0) to (z3, 3). By meas-
uring the angles these lines make with

the perpendicular, the amount of ex- F: 2t
. IGURE . CHE-
tracting solvent needed at each stage e

is determined.

In case the equilibrium curve is a
straight line, it has been shown that maximum efficiency is
achieved by taking this point (2, #2) so that equal amounts
of solvent are used in each step; there is no reason to sup-
pose that a similar rule holds if the equilibrium curve is not
a straight line. In this case only trial and error can decide
which is the most favorable division of the solvent.

CURRENT TOWER

COUNTERCURRENT EXTRACTION, IMMISCIBLE SOLVENTS

In Figure 2 is shown a schematic diagram of the apparatus.
For simplicity three plates are considered. It will be clear
that this is no restriction. Assume a solution of L grams of
solvent, containing y; grams of solute per gram of solute-
free solvent, is extracted with U grams of another solvent con-
taining x4 grams of solute per gram of solute-free solvent.
In case pure solvent is used, then z4 = 0. Similarly let z.
be the grams of solute per gram of solvent at equilibrium
in the extracting solvent in the nth mixer (the solution to be
extracted enters the first mixer), and 7. the corresponding
figure for the solution being extracted. With this nomen-
clature the necessary and sufficient conditions for the opera-
tion of the apparatus are: (1) At every stage z and y satisfy
the experimentally determined equilibrium relations; (2)
the material balance equations are:

Lys + Uzy = Uz + L for the first stage
Ly, + Uzs = Uz, + Ly for the second stage
Lys + Uz = Uzs + Ly, for the third stage

Rewriting the last equations:

Llyo — 1) = Uz — z2)
Ly — y2) = Uz — z3)
L(ys — y3) = Ulzs — zy)

If now, for convenience, we use the notation (X., ¥») =
(s, Yn~1) 1t is seen from the last set of equations that the
points (X, ¥») fall on a straight line of slope U/L, since we

have:
h—-Y, Y.—-Y, Y:—Y4=g

5 €IS A TE 5 ETS T Tl Ty
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Now, in Figure 3, let  and X, y and ¥ be plotted on the
same axes. Let curve I represent the experimentally deter-
mined equilibrium relation which exists between z and 7.
(If the familiar distribution law holds, I is a straight line.)
The analyses of the feeds, y and =z, are shown. The only
thing left to determine is the locus of (X, ¥). It is known
to be a straight line of definite slope, but so far its position
is not fixed. To locate if, a trial and error method is em-
ployed. Inasmuch as its intersection with y = #, gives the

34
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Ficure 3. CoUNTERCURRENT EXTRACTION FOR
InnasciBLE SOLVENTS

point (X, ¥3) = (z1, %), this intersection must lie somewhere
to the left of the intersection of I and 7 = 7, This is readily
seen to be true since z; is the concentration of the extracting
solution as it leaves the apparatus, and z; can never exceed
the equilibrium value (zy) corresponding to %, in the solution
to be extracted; i. e., 2; must be less than the value of z on
curve I (zo) corresponding to the value 7o on this curve. As
a first trial, assume A is the correct line. From its inter-
section with y = 3o, 2; is determined and hence 7; by dropping
to curve I, since (z;, 41) by definition lies on /.

Now by crossing to 4 on y = 1, (X, ¥») and hence z. are
secured, ete. If A is the correct line, we should arrive at the
true value of 24 by this process. As it is, we do not but end
far to the left on line 4 for the point (Xi, Yi) = (x4, ¥3).
Hence in choosing A, it was placed too far to the left. Now
try B. It, on the other hand, proves to be somewhat to the
right of the true value. Hence the true line lies between A
and B. Consequently the value of z—i. e., the composi-
tion of the extract from the apparatus—lies between the
values of = corresponding to the intersections of A and B
with the line ¥ = %. Now by drawing a line C midway be-
tween A and B, line C' will similarly be found either too far
to the right or left. Assuming it too far to the left, then z; is
restricted to the region between the intersections of ¢ and B
with ¥ = 7; In other words, its range has been cut in half.
Similarly, placing a line midway between C and B again
restricts it farther, ete. Thus the value of z; is rapidly es-
tablished to as narrow a range as desired. Thus, supposing
A and B initially determine that z; lies between 10 and 20
grams of solute per 100 grams of solvent (i. e., z; = 15 = 5),
then C will cut the variation to = 2.5 at the most, and the
next line to = 1.25. This assumes the most unfavorable
case—namely, that the successive lines have been spaced
equally without attempt at judging the most likely position
for the succeeding lines. At first sight the method may ap-
pear a bit cumbersome, but in reality it is rapid. By means
of several large graphs of curve I with only two trial lines on
each graph, a high degree of accuracy can be reached in a
few minutes.

MurripLE EXTRACTION, SOLVENTS PARTIALLY MISCIBLE

In Figure 4 let A and B represent the composition of solu-
tion and solvent, respectively, and let 74 and ms be their
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masses, Assume three successive extractions are to be made,
For the first operation m.4 grams of solution of composition
4 are mixed with m» grams of solution of composition B, and
the mixture is stratified and separated. To establish the com-
position of the resulting phases, the following fundamental
properties of these triangular graphs are employed:

(1) When two solutions are mixed, the point representing
the over-all composition of the mixture lies on the line joining
the points representing the compositions of the original solu-

tions (7). Its location is so related to the masses of the solu-
tions taken that, denoting it by C, in the present example;
ACe. s
CB =~ mi

where AC and CB represent the distances from A to C and C
to B.

These distances are to be taken in the sense of directed
lengths; that is, if we agree to call the direction from A to
C positive, then AC is a plus length, whereas CA is a minus
length (AC = —CA). With this same convention that the
direction from A to C' is positive, then CB is a positive dis-
tance if, in going from C to B, one travels in the same
direction as from A to C; if one travels in the opposite direc-
tion, then CB is a negative distance.

(2) In case point C represents a composition which cannot
exist as a single phase, then the mixture separates into two
conjugate phases whose compositions are given by the ex-
tremities of the tie line passing through C.

In the present case then, point €, lying on AB, is located
either by direct calculation of the over-all composition of the
mixture of m4 and ms, or from the fact that AC/CB =

Pure component 3

i o0
- z
3 2
= =3
2 E
: g
= @
2 2
g A
Ficure 4. MuLTiPLE EXTRACTION FOR PARTIALLY
MiSCIBLE SOLVENTS
mp/ma.  Once C is located, the tie line through it 15 drawn,

thus securing D and E. For this first operation, then, t‘E)
solutions are secured, the one an extract of composition D,
the other the partially extracted solution of composition

The masses of these solutions are obtained from the relations:

mp + mg = ma -+ mz
mp i EC
mg ~ CD
The mp grams of solution of composition D are th;“

treated exactly as the original m4 grams of composition teci
etc. The final products are, therefore, a residual extrac 5
solution of composition J and mass ms, and the three €
tracts of composition E, H, K, and masses mz, m#, M
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It should be noted in passing that property 1 is somewhat
more general than is indicated here. Since this property
is derived by algebraic processes, it applies equally well to
subtraction of solutions as addition; i. e., in place of adding
ma grams of A to ms grams of B, we may consider the effect
of subtracting m4 grams of A from mp grams of B (that is,
adding —ma grams). The statement in property 1 still holds
for this case—namely, that the point representing the over-
all composition of the mixture lies on AB, and at such a
point that AC/CB = ms/—mas. However, interpreting
this geometrically, it is seen that, while in the addition of
the solutions C lies between A and B, in the case of subtrac-
tion €' must lie beyond either 4 or B to make the ratio AC/CB
negative. Thus in the following line the ratio AC/CB is
negative (note AC = —CA, etc.) since AC and CB are meas-
ured in opposite directions:

(4] 4 B

In the systems under consideration it may even happen that
C falls outside the triangle. This is readily explained, how-
ever, by the fact that these “solutions” are in reality only
formal mathematical means of arriving at the ultimate physi-
cal solutions. Thus, the result of subtracting 200 grams of
a solution of composition (50, 10, 40) from 100 grams of a
solution of composition (40, 50, 10) is —100 grams of solu-
tion containing —60, +30, and —70 grams of the three con-
stituents, or, —100 grams of a solution of composition 60,
—30, and 70 per cent of the three components. The practical
utility of this will be evident in the next section.

COUNTERCURRENT EXTRACTION, SOLVENTS PARTIALLY
MISCIBLE

The case of three mixers or plates will be considered. It
will be evident that the choice of three imposes no limitations.

In Figure 5 let A represent the composition of the solution
to be extracted, B that of the extracting solvent. If the sol-
vent is pure, B coincides with the corner of the triangle. Let
m4 grams of solution A be fed into the apparatus (to mixer
one) along with mz grams of B (to mixer 3). Let F, H, E
and D, I, G represent the compositions of solution and ex-
tract at equilibrium in the three mixers. In relation to Fig-
ure 3 we have the following correspondence: 7 and 4, (z,
%) and (D, F), (zs, y2) and (I, H), (25, ¥3) and (G, E), z. and
B.  Let the masses of the solutions be mp, me, ete., the end
products are then mp grams of extract of composition D and
mz grams of extracted solution of composition £.

As before, the conditions for a steady state of the apparatus
are: (1) F and D, H and I, etc., are conjugate phases; (2)
the material balance equations are:

maA + m;I = mpF -+ mpD for the first stage
mpF 4+ mgG = mygH -+ mI for the second stage
mgH + mgB = mpE -+ mgG for the third stage

Rewriting this set of equations;

maA — mpD = mpF — mil (1)
mEF - 77111 - 'm"H s 'InaG (2)
myH — meG = mgE — mpB (3)

or  muA — mpD = mpF — m;I =
2 Fm;,—H i mgG = mgE — mgB  (4)

To locate these points, a trial and error method similar to
that previously used is employed. Let point C represent the
over-all composition of the mixture of ma + ms. The tie
line through ¢ would evidently give the compositions of the
product from a one-stage apparatus by virtue of the proper-
ties previously given. In the present case we have a thret_e—
stage apparatus; hence, the extract must be richer than it
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would be from a one-stage process. Therefore D must lie
somewhat above the tie line through C. As a first choice let
us arbitrarily choose it as is shown in Figure 5. From an
over-all material balance mad + msB = mpD -+ mzE.
Since m4A4 + msB gives a ‘“‘solution” of composition C,
so must mpD + meE. Therefore £ must lie on the same
line as D and C, since otherwise a mixture of Z and D could

Pure component 3

Pure

Pure
component 1

component 2
Ficure 5. COUNTERCURRENT EXTRACTION FOR
PartiaLLy MiSciBLE SOLVENTS

not give . But D also lies on the equilibrium curve. Hence
it is given by the intersection of the curve and the line DC.
Now from D and E the points F' and G are immediately: lo-
cated as the extremities of tie lines (shown as broken lines),
since D and F, E and G are conjugate phases.

To locate the remaining points, recourse is had to the
material balance equations. The left side of Equation 1
(maA — mpD) is equal to the right side of Equation 3
(meE — msB); i. e., in case of any number of mixers, con-
sider the first and last of this set of equations. Let J repre-
sent the composition of this “solution” represented by maAd
— mpD. By the fundamental properties of these diagrams
J must lie on the line DA, and it must also lie on the line BE.
Hence J is given as the intersection of these lines. Having
located J, we are now able to locate the other points easily.
By the first equation, meF — mil also gives a solution of
composition J. Hence J, F, and I lie on the same line.
We know J and F; hence [ is given as the intersection JF
with the curve. Knowing I, H is immediately given as the
extremity of the tie line through I. By drawing JH we ob-
tain the next point, etc. In the present case this next point
represents the composition in the final mixer, G!. But we
have already fixed this point G in fixing D. Hence, if D
has been chosen properly G and G* coincide. If they do coin-
cide, then obviously D represents the correct solution of the
problem, and mp and me can be calculated, since

my + mp = mp + mg
mp  EC
me  CD
In the present case, however, G* does not coincide with G
but falls below it. This means that in choosing D we have
placed it too low on the curve. Therefore we next try a
new D at a point somewhat above our first choice. This
will, in general, be chosen sufficiently high so that now the
new G will fall above the new . Therefore the true value
of D will be between these first two choices. By taking a
third point midway between these two points, the location
of D is restricted to half its former range, and by continu-
ing this process it can be located to as high a degree of pre-
cision as desired.
Tt will be observed that only one calculation is required—
namely, the location of € a point dependent solely on the
feeds of the apparatus. Once C is located, a few trials in-



864

volving only the drawing of certain lines will fix D as closely
as desired. Hence the method, while not so rapid as for the
immiscible solvents, is nevertheless reasonably rapid and
easy of application.
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Studies in the Drying Oils

XVIII. Specific Heat and Features of Heating Drying Oils

J. S. Long, J. B. REYNoOLDS, AND JosEpH NAPRAVNIK, Lehigh University, Bethlehem, Pa.

RYING oils are heated in
D kettles to produce oils

thickened or bodied to
various extents for use in paints,
varnishes, enamels, coated fab-
rics, inks, and other materials.
Certain features of a rather ex-
tensive study of this process are
presented here. Calculation of
the quantity of heat actually ab-
sorbed by the oil involves knowl-
edge of (a) the quantity of oil,
(b) the temperature, and (¢) the
specific heat of the oil. Despite
the fact that many millions of
gallons of oil have been heat-
bodied, data could not be found
in the literature on the specific
heats of the drying oils that are
most generally heated. Accord-
ingly the specific heats of these
materials have been determined over most of the temperature
range employed.

The shape or design of kettles in which to heat the oils has
also been somewhat neglected. Certain standard shapes
which have developed on the basis of expediency or which are
convenient to handle have been widely adopted, often with
very little consideration of the mechanism of reactions occur-
ring in them, as influenced by kettle design or method of heat-
ing. It should be kept in mind that the heat-bodying of dry-
ing oils involves chemical reactions.

The variety of objectives for which oils are heat-bodied
precludes the advisability of attempting to design one ideal
kettle. This paper will attempt to show that by the applica-
tion of ordinary mathematics it is possible to calculate de-
signs to fulfil desired objectives. The particular case chosen
is that of maintaining a constant ratio of oil volume to the
area of oil exposed to the air. In heat-bodying oil for patent
leather, it has been customary to cook small batches of 30 to
50 gallons, and it was believed that, when larger batches were
cooked, a product was obtained which had very different
properties. In tackling the problem of cooking large batches,
due consideration has been given to the viewpoint of the
past, and, instead of simply increasing the size of a batchin a
kettle with, for example, vertical sides, a large kettle has been
designed to maintain approximately the same ratio of air sur-
face to volume of oil, irrespective of the quantity of oil put in

lity of oil in the kellle.

aggregation.

T'he specific heals of linseed oil, China wood oil,
and soy-bean otl have been delermined over much of
the temperature range employed in heating them to
make indusirial products.

Mathemalical design of a kellle is given lo
maintain substanlially constant ratio of air-oil
inferface to volume of oil, irrespective of the quan-
The matler of keltle de-
sign for specific objectives, which has been some-
what neglected, is indicated.

Heat-bodying of drying oils over hot direct
fires with liltle agilation yields products which
are not homogeneous but which are dispersions of
highly associated molecules in liquid containing
molecules in much lower state of association or

the kettle. In cases considered
up to the present, it has been un-
necessary to adhere rigidly to the
strictly theoretical shape of the
kettle. Shapes approximating
this on the basis of practicability
of fabrication usually fulfil the
objective.

The literature on the heat-
bodying of drying oils is volumi-
nous. The process is broadly
considered as polymerization or,
more accurately, molecular
association. This is a progres-
sive process and passes through
a series of degrees of association.
The highly associated molecules
are relatively insoluble in the
matrixliquid. The bodied prod-
uct contains molecules of
various degrees of association.
The molecular weight figure represents an average. 2

When a large kettle of oil is heated over a hot fire, it 18
likely that the oil in contact with the sides of the kettle will
be heated to temperatures considerably higher than those
shown by the thermometer immersed in the oil. The associa-
tion or polymerization reactions are a function of temperature
and are therefore facilitated at the hot walls and bottom of the
kettle. Convection currents lead to some degree of motion
of the oil, even in an unstirred kettle, but in many cases it 18
largely a matter of chance rather than design, if the oil diffuses
rapidly enough to prevent local overassociation at the hot
bottom and sides. What might be called the “high poly-
mers” or more highly associated molecules thus produc
diffuse and disperse in the rest of the oil at first, but as time
goes on the entire mass of oil is also bodying at the tempers-
tures used, and the molecules are building up progressively 1o
size and weight. These larger molecules undergo further local
overheating at the hot sides and in the face of decreased mo-
bility as their weight increases. It is quite logical, therefores
that particles are formed locally on the bottom and sides
which become insoluble in the remainder of the liquid pefort;
it has reached the desired body or viscosity. This I, ot
course, particularly true in unstirred kettles over very ho
fires and at high temperatures. The insoluble particles thus
produced are not necessarily very large. They often escape
detection except by later laboratory tests or abnormal
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age of them reaches
the open-air surface
of the oil, is chilled,
and sets to a gel or
skin. Some data
are given laterin the
paper to bring out
this point, and it is
felt that considera-
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of oil-bodying with
consequent (a)
general lowering of
temperatures,  (b)
agitation where
possible, and (c)
changes in kettle

sutarion: design, will lead to
improvement in the
FiGure 1. ApparaTus ror Seecrric  quality of bodied

oils and decrease in
the abnormalities
arising from this source. Indirect heating by circulating hot
petroleum oils, diphenyl, and other liquids is indicated for some
cases and will probably have a place in the development of the
next decade.

Specrric Hears or DryiNg O1Ls (Cp)

_ Procepure. The apparatus (Figure 1) consisted of a well-
insulated thermos flask of such size as to contain 150 to 200
grams of oil and leave an air space of approximately 200 cc. above
the surface of the oil. A three-holed cork stopper was used to
seal the fiask. Through the center hole was fitted a glass stirrer,
which was driven by an electric motor. A thermometer, with
the bulb immersed midway in the body of the oil was inserted
through another hole, whiye the third hole contained the leads
of a platinum-wire resistance heater which was totally immersed
in the oil. The heater had a resistance of approximately one
ohm and was heated with direct current from storage batteries.
A voltmeter was connected across the terminals of the heater.
In series with the heater were a rheostat and an ammeter.

HeAT DETERMINATIONS

\
§
3
§
N
N
; Hearine Preod \7;
Time
Ficure 2. Heating CUrvVE For SpeciFic HEAT
DETERMINATIONS

A sample of oil weighing from 150 to 200 grams was placed in
the flask, and the stog pexg, fitted with stirrer, heater, and ther-
mometer, was inserted. The stirrer was then started and cur-
rent a;g)lied to the resistance heater. When the temperature had
reached a value several degrees above the desired point, the heat-
Ing was discontinued anf the rate of cooling was determined.

eat was then applied for one or more minutes, the time being
accurately measured by a stop watch, to produce a temperature
rise of 1° or 2° C. The heating was then discontinued and an-
other rating period obtained. fteadings of temperatures during
the entire run were made at one-minute intervals, and rea@mgs of
current and voltage were taken at regular intervals during the

ting period.
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MetHOD OF CALCULATIONS. The rating periods were ob-
tained before and after the heating, and averaged. Points
T, and T, (Figure 2) were selected on the constant-slope por-
tions of the rating periods before and after heating. Then,
(t X average cooling rate) — (T, — T) = actual tempera-
ture rise, due to heat energy supplied. The heat input was
then obtained by the equation:

volts X amperes X seconds
4.182 joules per cal.

Heat input =

From this was subtracted the product of the heat capacity
of the apparatus in calories per degree and the actual tempera-
ture rise. This value gave the heat input to the oil, in calo-
ries. Dividing this value by the product of the weight of the
oil and the number of degrees gave the heat capacity of the oil.

SAMPLE CALCULATION OF SpECIFIC HEAT OF APPARATUS

Data —
Time Temp. L E CALCULATION
%O Amp. Volts 5
Av. rating period before heating =
0.9° C./min,

0 135.9 Av. rating period after heating = 0.9°

1 135.0 C./min.

2 134.1 Total av, = 0.9° C./min.

3 133.2 Take the time interval from 3 to 13

4 132.3 min., a 10-min. interval. With-

5 131.4 out i:eatlng. the temp. drop would

6 130.5 4.05 4.79 be 10 X 0.9° = 9° C. Actually
Heating begu it was 133.2 — 1290 = 42°C. 8o

7 131.3 4.05 4.79 the actual temp. rise due to heat-

8 132.9 4.05 4.79 ing was 9.0 — 4.2 = 48° C. Total
Heating discontinued heat input =

19 132.? 4.05 volts X 4.79 amp. X 120 sec.

0 131. 182 § 3

}g i?,gg S es c:l'. 8 Joulee/.cnl

11 19801 Heagmput to apparatus = 17 X 4.8

cal.
Then 556 — 82 = 474 cal. = heat in-
put to oleic acid

Heat capacity of apparatus = 17 cal./° C.
Oleic acid sample = 167 grams

474 cal.

S i), = sp. , cal. 2:C;
167 grams X 48°C. 0.591 = sp. heat, cal./gram/° C

Then

SampLE CALCULATION OF HEAT CAPACITY OF APPARATUS

162-gram sample of dg:henyl
Temp. of run = 94° C,

Sp. heat of diphenyl at 94° C, = 0.442 cal./grsm/° C.
Actual temp. rise due to heating = 8.04° C. (see above)
Current = 4.753 amp.

Time of heating = 2 min.

Yoltees =33 4.753 X 3.9 X 120 sec
A % o4 i - . E32
Electrical heat input GrdnRe oules /oA i 532 cal.

Input to diphenyl = 6.04° C. X 162 grams X 0.442 cal./gram/° C. = 432
cal

Input to apparatus = 532 — 432 = 100 cal.
Hel))at capst‘:)ixt,y of apparatus = 100/6.04 = 16.6 cal./° C.

Av. of several determinations was 17 cal./° C.

Data on the specific heats of several oils are shown in Table
I and Figures 3 to 5.

DesiGN oF A KETTLE

The object of the first part of this section is to discover
what form of vessel will give (a) an approximately constant
ratio, (b) an exactly constant ratio between the volume of
liquid contained and the surface to the air, or (c) a constant
ratio of heated surface to volume. Let the constant ratio be
k; thatis:

V = kA )

This means that the volume of liquid at any time is equiva-
lent to that of a cylinder of base A and of height k£ when A is
the area of the exposed surface of the liquid.

(a) Let the surface of the vessel be formed by the revolu-
tion of the curve ¥ = f (z) about the Y axis (Figure 6), which
is assumed to be vertical. Let AV be the volume added by

increasing the depth from y to y + Ay. Then, approxi-

mately,
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TasBLE 1.

ALKALI-REFINED Sov-Beax O1n

INDUSTRIAL AND ENGINEERING CHEMISTRY

Yol. 26, No. 8

Seecrric HEaTs oF Drying O1Ls

Raw Linseep O1n Cuina Woobp O

Linseep O1nL (IopiNe No. 134, OLEerCc Acip (IopiNeE No. 194 (IopiNe No. 156.7,
(IopiNe No. 181.3) Acip VaLue 2.3) (IopiNe No. 89.9) Acip VALUE 1.535 Acip VaLug 3.1)
Temp. Sp. heat Temp. Sp. heat Temp. Sp. heat Temp. Sp. heat Temp. Sp. heat

20: KT 0 L SO ) > 2O S Fe $1C: ey
75 167 0.504 75 167 0.568 27 80.6 0.460% 80 176 0.470 69 156.2 0.516
89 192.2 0.499 85 185 0.579 29 84.2 0.483 99 210.2 0.498 70 158 0.510
89 192.2 0.474 130 266 0.582 31 87.8 0.450 110 230 0.510 79 174.2 0.518
95 203 0.502 140 284 0.591 38 100.4 0.487 120 248 0.529 85 185 0.534
98 208.4 0.504 140 284 0.606 38 100.4 0.477 130 266 0.541 91 195.8 0.528
102 215.6 0.493 151 303.8 0.589 39 102.2 0.451 140 284 0.600 98 208.4 0.542
121 249.8 0.498 159 318.2 0.596 132 269.6 0.580 150 302 0.625 98 208.4 0.546
142 287.6 0.513 161 321.8 0.597 141 285.8 0.592 160 320 0.670 129 264.2 0.595
152 305.6 0.540 171 339.8 0.603 151 303.8 0.630 170 338 0.682 135 275 0.596
162 323.6 0.539 181 357.8 0.623 171 339.8 0.664 189 372.2 0.725 146 294.8 0.630
172 341.6 0.563 190 374.0 0.640 180 356 0.662 220 428 0.710 155 311 0.644
190 374 0.605 193 379.4 0.630 201 393.8 0.699 230 446 0.722
200 392 0.627 220 428.0 0.618 210 410 0.684 239 462.2 0.739
219 426.2 0.664 230 446 0.655 210 410 0.670 252 485.6 0.740
255 491 0.663 240 464 0.681 222 431.6 0.880 265 509 0.751
256 492.8 0.660 250 482 0.682 242 467.6 7.20 276 528.8 0.756
276 528.8 0.680 250 482 0.698 250 482.0 0.700 289 552.2 0.736
290 554 0.665 280 536 0.759 252 485.6 0.718
287 548.6 0.765 258 406.4 0.709
260 500 0.710
271 519.8 0.748
285 545 0.776
285 545 0.799

8 International Critical Tables, Vol. II, p. 210, gives the specific heat of oleic acid (Cp) between 20° and 30° C. as 0.475 cal./gram/° C.

AV = 7x2Ay 2)
where z = the radius of the vessel corresponding to a horizontal
section through the point (z, ) on the curve y = f(z).

Let A4 be the increase in the area of the exposed surface,

AA = x[(z + Az)? — z?] (3)
From Equation 1 we have:
AV = kAA (4)
Equations 2, 3, and 4 lead to the approximate relation,
722 Ay = kx[(x + Az)? — 22] = kr[22Az + (Az)?]
which yields the exact differential equation,
x’g—z=2kzor‘%=2d§ 5)
Upon integrating we have:
%=l%x’+0 (6)

where C is a constant to be determined.

For Equation 1 to hold, V and A must be simultaneously
zero and hence the curve y = f(z) must pass through a point
where z = 0. This condition cannot be met by Equation 6
since log 0 = — ». However, we can obtain a ratio of V to

Suppose z = a when y = 0, then by Equation 6, C = —loga*
and:

2
% = log 2—-2 (7)
or z2 = q%v /k )

We wish now to see how nearly V/A = k for a vessel formefi
by revolving Equation 8 about the ¥ axis. The volume is
given by

V==n Y 2y = 7 : a’ev/k dy = wha’e [k
or V'= rka(’) (ev/k — 1) ()
where 4 = depth of liquid in the vessel
Now we have
A = 712 = ra%ev/k (10)

so that by Equations 9 and 10
V

. (1)

k(1 — e~v/k)

If the range of y is from 1.6k to 5k, the range of V/4 is
0.80% to 0.99k. The shapes of the vessels for & = 1, 2, and 3,

A that is nearly constant, especially for considerable volumes. and @ = 3 are shown in Figure 7.
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Ficure 3. Spreciric Hear-TeEmPErATURE CURVES FOR LIn-
sgep O1Ls

HINA
Ficure 4. Speciric HEAT-TEMPERATURE CURVES FOR C
Woobp anp Soy-Bean O1iLs
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# The shape of & ( Y )
%\ /r—-/"‘/ vessel best for Zimlkioos \op B 18)
§ )/' zm; s ag;:l lv :E The constant, C, is determinable by Equation 18 as soon as
refees /' p i the radius, r, of the base of the vessel is decided upon, for this
N Ol fcid o Sl gives the value of # for y = 0, and hence C' = cosh~1(r/2k).
i{ 'J/ upon the range ; LT
& at ST If a vessel of tl}xs shape is uniformly heated over the cu_rvgd
S 5 ¢ liauid likel surface, the ratio of the heated surface to the volume of liquid
4t 2 AR A go bqul 4 €Y will remain constant for different depths of liquid. Figure
= - be urls‘% : G 10 shows a possible scheme for accomplishing this. The full
Ficure 5. Semcrric HEAT-TEMPERATURE ,( ) Theratio o/ oss plotted for k = £ and C' = 0; the dotted one fork = %
Cunve ror Orerc Acio II)/;. é fa c?ly];ai?sn and C = 0. The curve is easily plotted for any values of &

fied by adding to the bottom of the vessel as pictured in Figure
7 a cylinder of radius a and height &; with this addition the
volume V’ will become V’ = V + wka? (Figure 8).

By Equation 9,

V' = wka%e/* (12)

and, as before, in Equation 10, A = ma%"/*. Hence:

V!  xka?ev/®

A ixaial

Thus, if the vessel is always used with the surface of the liquid
at or above the top of the cylindrical portion, the ratio of the
volume to the exposed area will always be & and the desired
conditions will be met.

It does not matter what shape the addition made to the
bottom of the vessel is given, provided only that its capacity

is 7ka®. Other shapes might be more convenient for heating
than the cylindrical

Y one.
= [ e (¢) Finally, the

shape of vessel will
be discussed which
will give a constant
ratio, %, of the

a X volume to the
e (59 curved surface
Ficure 6 which is supposed to

be exposed to heat.
Let the vessel be in the form of a surface of revolution
generated by revolving the curve ¥ = F(z) about the Y axis
which is assumed vertical (Figure 9). Let the surface gener-
ated be S and the volume V; then it is required that:

V =kS
aV = kdS

(13)

whence (14)

Now, dV = mz?dy and dS = 2rads, so that by Equation 14:

s P I A |
72'dy = 2x2ds = 2rz\/dz? + dy = 2’”:\/1 2 (g—z) &

zg—g=:cp=2k\/1 T (15)
d
wh = —y
ere p )
Then, z2p? = 4k + 4k%p?
(z? — 4k%)p? = 45
dy 2k
Bod i e
2kdz
BT = -
and upon integrating, we have
oshoL ) S a7

2k 2k

and C' by means of a table of hyperbolic functions, C being de-
termined by the width of the bottom of the vessel which must
not be less than 4k, Nearly the same purpose as that served
by the heat chamber could be accomplished by having gas
jets distributed uniformly under the curved surface and using
only those up to the height of the surface of the liquid.

SkINNING OF Linseep O1L upoN HEATING

No Driers PreseNT. Three hundred cubic centimeters of
alkali-refined linseed oil were heated by direct fire in a monel
metal beaker to 300° C. (572° F.) in a half-hour and held at
this temperature until skinning appeared. The oil was not
stirred.

Skinning began 2 hours and 20 minutes after reaching 300°
C. A sample of the oil was taken as skinning started. The
skin was pulled off with a pair of forceps, dipped for about 10
seconds in ether to wash it free from adhering oil, and then put
in an oven for 10 seconds at 100° C. to drive off the ether.
The dry skin was then put in a vial and an ultimate analysis
run on it immediately:

c H (0]
% % %
0il 77.3 10.6 12.1
Skin 77.0 10.8 12.4

Driers Present. Two hundred and fifty grams of alkali-
refined linseed oil were heated with no agitation to 293° C.
(560° F.) in a half-hour in a monel metal beaker with the fol-
lowing driers incorporated: 0.5 per cent lead as linoleate,
0.05 per cent cobalt as linoleate, 0.05 per cent manganese as
linoleate, and 0.5 per cent iron as linoleate.

a=3 ;
FiGure 7. APPROXIMATE DESIGN To SATISFY V=FA

The oil was held at 293° C. until a skin appeared. Samples
of skin were taken from the side and center of the beaker and
a sample of the oil was taken when skinning occurred. The
oil skinned about one hour after reaching temperature. The
skins were washed in ether, dried, and analyzed as before:

C H (o}
: %o % %
Skin from center 77.2 10.4 12.4
Skin from edge 7.2 10.7 12.1
Oil 77.6 10.4 12.0

Discussion oF Resuvnrs

The curves show that the heat capacity is a linear function
of the temperature in the lower ranges of temperature from
70° to about 170° C. There is then a sharp increase in heat
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capacity and subsequently a flattening out of the curve. The
accuracy of the heat capacities at the higher temperatures is
doubtful, because of the fact that the radiation increases con-
siderably in that range, and the cooling rate is no longer linear.
This influences the method of calculation of results. Since
the heating period is only 2 minutes, and the temperature rise
3°or4° C., an error of 0.2° C. in
calculating the temperature rise
means an error of 15 or more per
A cent in the heat capacity. In the

Yy lower ranges, however, the results
are reasonably correct. This is
Ve somewhat confirmed by the agree-
ment of the authors’ data for
oleic acid with that given in In-
ternational Critical Tables for the
same temperature range.

China wood oil gelled rapidly when held for a time above
230° C., and also became bodied when heated at lower
temperatures.

The value for the heat capacity of the apparatus was ob-
tained by using the known specific heat of diphenyl, and mak-
ing runs similar to those using oils. The specific heat of di-
phenyl was checked using water at temperatures below
100° C.

The rather sharp rises in the specific heat curves of linseed
oil at temperatures between 140° and 200° C. suggest that at
these temperatures heat is being absorbed to start chemical
reactions, and at higher temperatures the reactions become
exothermic and cause the curves to flatten out. This sug-
gests more exact and detailed repetition of this work in an
attempt to obtain information on the reactions occurring at
the various stages.

——url

Ficure 8. Exact DEsien
TO SATISFY V=FkA

A most interesting case for

Y * studyin connection with kettle

design is that of maintaining

£ 4 constant heating rate, irre-

/4 spective of the volume of oil in

s the kettle. This does not re-

A duce simply to maintaining a

constantratio of heating surface

X to volume unless the heat can

be distributed uniformly to the

surface. The design would

include consideration of differences in the heat gradient at

different levels on the heating surface, and would depend on

the source and manner of heating. Simplifying assumptions

may be introduced in order to obtain simpler equations and
yet have a design that substantially meets the objective.

The percentage of oxygen in the skins formed is only slightly

higher than that of the oil in the interior. The phenomena of

skinning on the surface cannot, therefore, be ascribed to oxi-

dation. This holds, whether or not driers are present. The

skin forms as a result of the chilling of thin films of the oil in

the form of bubbles at the air interface, after the oil has been

bodied to a considerable extent.

Ficure 9

INDUSTRIAL AND ENGINEERING CHEMISTRY
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Repeated tests on a large number of commercial batches of
linseed oil heat-bodied over direct gas fires have shown that
the thick and apparently smooth oil is a dispersion of highly
polymerized particles in a fluid oil which has undergone much
less development. Striking differences exist between the
separable parts of the heavy bodied oils. For some purpose
this may be desirable or at least not strongly harmful. For
others this nonuniformity or nonhomogeneity is definitely
objectionable and should be rectified. This work, as far as
it has been carried, shows that if we simply heat drying oils
over a hot direct fire with little or no agitation until a certain
viscosity is attained as measured by some simple test, the
product is a mixture or dispersion containing highly and
slightly associated molecules. The properties of the product
will be affected by this fact and some of the effects are unde-
sirable for certain uses. Skinning, livering, and settling are
features somewhat involved in this process. More indirect
heating with lower temperature gradients and also oil-bodying
at lower temperatures are of real help in achieving a higher
degree of uniformity in the product. Agitation where feasible
is another obvious advantage. Where for some reason gel
lumps in a liquid matrix are desirable, high temperatures over
hot, direct fires will accentuate this effect.

0Oil mixtures
such as China =

wood with linseed, & i 7
perilla with soy- N
bean, China wood Moot A [ Chomber

with soy-bean, and
others, contain in-
gredients whose
molecules at best
associate or poly-
merize at different
rates’ when heat-
bodied and there- D
fore lead to nonhomogeneity of the final product. Thisisac-
centuated by the conditions in use of high temperature, over-
heating at the kettle surface, and poor agitation mex}tloned.
Films made from bodied oils which contain any considerable
proportion of gel in relatively thin liquid matrix are not 8s
tough as those made from oils in which the degree of associa-
tion is more nearly the same throughout the oil.

7

= Outlet

Ficure 10. Omn-Hearing FuRNAcE

wiTH HEATED SURFACE OF OIL ALWAYS

PROPORTIONAL TO THE VOLUME OF OiL
HEATED
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EXPORTS OF AMERICAN PHARMACEUTICALS AND PROPRIETARY
MepiciNes INcreasE. Exports of American medicinals, par-
ticularly proprietary medicines, pharmaceuticals (both liquid
and dry) and staple household remedies in small packages, were
valued at $3,430,000 for the first four months of 1934 (not count-
ing those to Alaska, Hawaii, and Puerto Rico), an increase of 6
per cent over the foreign sales of $3,250,000 during the corre-
sponding period of 1933. This represents the best general upturn
in the foreign trade that has been noted for many months. The
858;)11; value was more than five times that of the imports (8645,-

Increases were recorded in thirteen of the twenty-four different
classes of medicinals exported. While decreases were registered

in eleven classes, in three of them the decreases Wcreslsl;%%t:
) il

Making up the export total were proprietary medicines
000, orgSIS0,000 nxl%re than during the first four months gfh%) lgi:
official and nonofficial galenicals and pharmaceuticals an Ly
hold staple drugs $1,000,000, an increase of §7l,§00 ov s
corresponding period; biologicals (serums, antxtognni",t_ﬂsﬂg3
cines) for human and animal use $553,000, a reduction fJ 311,
and castor oil and white mineral oil $85,000, which was #1%4
more than during the first four months of 1933. Is, hav-

Germany is the world’s principal supplier of m'edms?; it
ing exported $20,500,000 worth in 1932, The United o
second, with $11,500,000; France, third, with $9,920,000;
the United Kingdom a close fourth, with $9,280,000.

1}



Freezing
Orange
Juice

J. H. SHRADER AND A. H. JoENSON

National Dairy Products Corp., Inc.,
Baltimore, Md.

has been endeavoring to pack fruit
juices without impairment of their
natural qualities. Chief among these have
been the pineapple and citrus industries.
While they have been struggling to produce
satisfactory products, the tomato juice pro-
ducers have stepped in and made the nation
tomato-juice-minded in a short time. Al- o
ready much of the market that used to be- I
long almost exclusively to the citrus indus- :
try has now been taken over by the tomato
juice industry, and other fruit industries are
endeavoring to secure footholds. The only
recourse for the citrus industry is to intensify
its effort to produce a satisfactory product.
More fundamental research is the first re-

I i‘OR a score of years the food industry

D E F
Photo by Food Industries
DEAREATING FREEZING PLANT

quirement. Since McDermott (10) pointed i :
1 i 1dati A. Orange juice storage tanks D. Container cap sealer
?(i_t ttﬁle lmx)k(i);tan?e O}f).p ﬁeventll,ng oxidation Frto gupply treezers E ‘C{untm?er filler v
€ pa B. . Vapor trap in vacuum line from
pag B oSl qua lty ol A Gs C;ehezﬁelli:r freezers to vacuum pump G

juice, a long period elapsed before the citrus
mdu.stry recognized that in the newer refrig-
eration technology it had found an opportunity to take the
next great step forward toward the goal of producing a
satisfactory preserved orange juice. A better juice is pro-
duc_ed by freezing preservation than by any other method
wh§ch we have seen. However, the product is not uniformly
satisfactory and never tastes just like fresh orange juice. The
very fact that the citrus industry is still struggling toward
th}s goal is eloquent testimony that the reward for its at-
tainment is considered to be large.

CHEMICAL AND PHysI-
CAL OBSERVATIONS

We may consider
that the orange con-
sists of an outside rind,
the flavedo, an inner
layer of a white pithy
substance, the albedo,
and a mass of cells and
cell walls, the pulp.
The flavedo contains
most of the essential
oils which, when pres-
ent in an amount
greater than 0.05 per
cent, impart a strong

markets.
during slorage for a year.

The published work and the commercial developments in the
field of the preservation of orange juice by freezing are re-
viewed. The several melhods used and the resulls of commercial
experience with them are discussed. In brief, the vartety of orange
may be a more imporlant consideralion than the effect of the
process used. From the manufacturing standpoint, the greatest
difficulty lay in securing uniformity of stock. In the markeling
of the frozen orange juice, price consideralions were the dominant
factor. Almost equally importanl was the requirement of the
housewife for the juice lo be in usable form for breakfast.  De-
livery from milk wagons was practical and feasible in some
The frozen juice did nol lose its vitamin C slrength
Excellent flavors were found when
the frozen juice was stored for over lwo years.

terpene flavor to juice. The presence of 0.01 to 0.03 per cent
improves the flavor and does not leave an unpleasant “after-
taste” in the mouth. The albedo is rich in pectin which
tends to stabilize the emulsion, but it may impart a somewhat
bitter flavor to the frozen juice. The pulp also contains a
bitter constituent which may be released into the juice during
storage or when the pulp is finely comminuted in a colloid
mill or triturated with juice in a mortar. The pulp also con-
tains much of the characteristic flavor of the orange.

In the commercial
production of orange
juice for freezing, the
problem therefore con-
sists in keeping those
substances out of the
juice which might tend
to impair the quality
of the frozen juice dur-
ing storage. Flavedo
and albedo must be
largely eliminated from
the juice and pulp, and
orange oil must be
kept so low as not to be
objectionable.

In addition to the
actual constituents of

869
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the orange which might affect the quality of the frozen juice,
certain treatments of the orange and extraction practices were
investigated in their relation to the keeping quality. Thusno
material difference was observed between green and ethylene-
ripened fruits in regard to taste, flavor, or acidity of the frozen
juice. Juices which were extracted in the dark, in diffused
sunlight, in direct sunlight, and in electric light were of about
equal keeping quality.

The extent to which oxygen can be removed from the juice
or prevented from entering it during expression and freezing
is an important factor in determining the keeping quality of
frozen juice. In this connection it is of interest that, accord-
ing to preliminary experiments, there are in the orange distinet
zones where a reducing effect is prominent and other zones
where an oxidizing effect prevails. In the freshly filtered
juice the oxidation is absent. The reducing effect appears to
be associated with the pigment. The extracted pigment
itself has no reducing power, but, when dissolved in an
aqueous acidified solution of monosaccharides, a strong reduc-
ing effect is produced, similar to that in orange juice.

Investigations at the plant laboratory of this company in
Tampa, Fla., indicate that the dissolved gases in orange
juice can be removed only by subjecting the juices to high
vacua for considerable periods of time. Thus it was found
necessary to subject the juice to a vacuum of 29.6 inches
(75.2 em.) for 36 minutes in order to remove a practical
maximum of the dissolved gases. Under these conditions
39.8 and 51.5 cc. of gas were removed from liter satples of a
freshly burred Valencia juice and from a pressed juice, re-
spectively. In the case of the latter juice only 79 per cent of
the total gas was removed
on evacuating for 20
minutes. The gases re-
moved from freshly ex-
pressed juice contain con-
siderable quantities of car-
bon dioxide. As the expo-
sure of the juice to air is
increased, the carbon di-
oxide content decreases and
the air content (oxygen and
nitrogen) increases.

Conditions of freezing
orange juice also affect its
properties. Thus when
orange juice is slowly
frozen, there remains a vis-
cous fraction called the
“metacryotic” liquid. Its
composition is fairly con-
stant at 8 per cent acid and
64 per cent carbohydrates.
It has no definite freezing
point. At —20° C. it is
liquid, at —28° C. it is
gummy, and at —95° C. it
is still plastic. By suitable
quick-freezing methods, the amount of this metacryotic mate-
rial can be reduced to negligible amounts. On freezing orange
juice, the volume increases to the extent of about 7.5 per cent.

Mi1croBIOLOGICAL CONDITIONS

That the danger of spreading disease through orange juice is
negligible is generally known, but it was considered desirable
to study the viability and growth of Escherichia coli in orange
juice because this organism was the best index organism whose
reactions would be a dependable guide as to what pathogenic
bacteria would do. Cultures of Lactobacillus acidophilus
and a member of the Bacillus subtilis group were also in-
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cluded. These three organisms were unable to multiply in
orange juice at any temperature; the death rate of the three
organisms was most rapid at 37° C., was slower at 25° C,
and was still slower at —12° C. It was concluded that or-
ganisms of the coli type would fail to survive longer than 2
weeks in frozen orange juice but that spores would probably
remain for a long time in frozen orange juice. There are
strains of yeasts which will grow slowly at 0° F. (—17.8° C.)
and will grow rapidly at 32° F. (0° C.). Experience in the
commercial pack showed that, when frozen juice was stored
at about 5° F. (—15° C.) the yeast, in general, died off to the
extent that at the end of about 6 months the counts dropped
from several thousand down to several hundred. Total
mixed bacteria counts on standard media likewise decreased
on 6-month storage at 5° F.

INDUSTRIAL METHODS OF OBTAINING JUICE

Although several different methods have been used to ex-
tract the juice from the orange, the one most generally used is
that of burring with a rotating grooved extractor or burr, using
a combination of pressing and tearing (7). This process does
not require that the fruit be peeled. By regulating the pres-
sure with which the halved orange is held against the burr, the
amount of juice and the amount of orange oil can be regulated.
Of course, this introduces a large amount of hand contact with
the juice.

Another commercial method utilizes the Skinner plunger
press which cuts the oranges in two and squeezes the juice
from the halves, resulting in the introduction of a larger per-
centage of orange oils in the juice than by the so-called ex-
peller method.

By this latter method the
juice is expressed continu-
ously by a horizontal rotat-
ing screw of the expeller
type, allowing the juice to
flow through screens in the
bottom of the press.and
forcing the so-called rw.dual
rag out through an adjust-
able opening. In the
Florida operations of this
company the chilled fruit
was first closely graded by
size and then placed by
hand on vertical Coons
citrus peelers whichremov:
most of the peel. The
peeled fruit was distributed
into Allegheny metal boxes
from which it was pick
up by hand and the remai-
der of the peel removed with
Allegheny metal hand
knives. The peeled fruf
was then fed through
Allegheny metal troughs
into Enterprise expeller presses whose screws were made 0'
monel metal and whose barrels were made of Alleghe?{‘
metal. The operation was continuous and could be Sl;
justed to vary the yields. The juice then passed throug!
screens to remove such material as the coarse pulp and seed&
A later improvement consisted of an attachment on _the d‘l’"
charge end which facilitated the delivery of a juice .Wlth or; \
about one-tenth as much pulp, as well as to the del}\'gr)' oi
drier refuse, thereby greatly increasing the yield of juice.

The juice was conducted through sanitary piping to t};
gheny metal surge tanks where gas was remove from
juice by evacuation.

Photo by Food Industries
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During the first half of the season, these were operated on
only a 20-inch (50.8-cm.) vacuum, but during the remainder
of the year their performance was stepped up to a regular
operation of 27 inches (68.6 cm.).

TNDUSTRIAL METHODS OF FREEZING JUICE

Several methods have been used commercially to freeze the
juice. In one of these the juice was frozen into large cakes
which, immediately before delivery, were
ground to a slush and packed as such. This
procedure did not yield a very good product.

The methods which were most successfully
used in Tlorida were the freezing of the pack-
aged orange juice by submersion in a brine
bath, and the freezing to a slush in an ice cream
freezer and then packaging into final containers
for subsequent hardening by cold air. These
processes are well discussed and illustrated by
Burton (2) and Joslyn (7). In the Tampa
plant of this company the deaérated juice was
dropped out of the evacuated surge tanks
into evacuated, vertical, ice cream freezers.
Here the juice was frozen to a slush and then
forced out by positive nitrogen pressure into
the fillers which discharged the slush into the
cartons. The cartons were filled and closed,
leaving scarcely any head space. They were
then conveyed to a sharp freezer where they
were subjected to temperatures of about —10°
F. (—23.3° C.) and then stored at tempera-
glres of about 0° to 10° F. (—17.8° to —23.3°

28

FACTORS AFFECTING QUALITY

Quanity oF Frurr. The Florida orange
packing season covers the production of sev-
eral varieties of oranges which ripen at successive periods.
Chief among these are the Pineapples in the early part and
the Valencias toward the end. Each of the varieties exh.il?it»s
packing characteristics of its own. The chemical composition
varied during the season as follows:

VARIATION
Total solids, % 7.63-16.92
Reducing suga‘:'s, % 2.20-6.87
Nonreducing sugars, % 2.680-5.77
Total saccharides, % : 5.92-11.37
Nitrogenous matters (calcd. as protein), % 0.35-0.73
Acid_(about 0.5 per cent of total acid is
volatile) as citric, % 0.53-1.61
AlkaliZity of ash as CaO, % 1603‘;3;2'83
alinity of ash as CaO, % . .
P:0s in ash, % 4.28-14.59
Specific gravity 1.0310-1.06

Pectin, %
Freezing point of juice, ° F. (° C.)

0.001-0. 1

28-28.5-(—2.2-—1.9)

The nature and condition of the fruit exert dominant effects
on the quality of the juice. During the operations the fruit
was irregular in quality and often arrived at the plant sporadi-
cally, making it necessary occasionally to shut down. Such
conditions make it essential to develop packing procedure to
suit the variability of the stock. Therefore, the conditions
under which the authors operated were not conducive to the
production of uniform quality of juice. Joslyn (7) dcscrlbgs
the quality of juice made from immature and overripe fruit
as being stale and flat, respectively. Copeman (6) states that
Insecticide sprays markedly affect the composition of the
orange. Nelson and Mottern (11) showed that trees sprgyed
with lead arsenate produced oranges with a lower vitamin C
content than that from similar unsprayed trees. Fruit that
is warm may be too soft to hold its form on the peelers, thus
precluding clean peeling. Dirty fruit, of course, must be
given either a special processing or be rejected. In the
light of all of these cumulative factors which influence the
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quality of juice, it is clear that to obtain a reasonable con-
stancy in quality, a method must be worked out to mix the
fruit or to blend the juices. If only one variety of fruit is
handled, then the packing facilities must be enormously ex-
panded in order that the whole pack may be completed in the
very short period that the given variety is available.
CLEANLINESS OF MANUFACTURE. Orange juice is par-
ticularly susceptible to spoilage by yeast fermentation and by

PSR ?
A Photo by Food Industries

Macuine For Reaming Our THE ORANGE HaLves, A, AND

Paper-ConTAINER CAP SEALERS, B

bacterial growth of mixed flora. No pockets, dead ends, or
other such places where juice can accumulate should exist
anywhere in the plant. It was noticed that on rough places
in the equipment, corners, COVers, and other places where
splash could accumulate or where there was no constant cur-
rent, or where the juice moved slowly as in vertical piping,
there was formed a hard, greenish yellow scale. This scale
was so tenacious that, although the entire plant was frequently
dismantled and the various units were soaked in alkali solu-
tion, scrubbed, and rinsed with hypochlorite solution, the
scale was found to adhere even after this drastic procedure.
It could be loosened by tapping the pipes with wooden mallets.
The passage of grapefruit juice through the lines for about 16
hours removed any scale which had previously formed.
The surface of the Allegheny equipment in contact with this
scale became roughened. A determination of the metallic
content of the scale indicated that it was associated with cor-
rosion of the monel and Allegheny metals.

Tt is absolutely essential that all of the equipment be made
of sanitary construction so that it can be dismantled and thor-
oughly scrubbed as carefully as any milk plant. There should
certainly be two clean-ups every 24 hours. The neglect of
such sanitary precautions leads to high microbiological con-
tent of the packaged juice with attendant early development
of off-flavor.

ConteNT oF Pure. When orange juice is filtered clear of
suspended pulp, the flavor is fair. On the other hand, too
much pulp is organoleptically distasteful. If the pulp be-
comes very finely comminuted so that the flavor constituents
and the cell walls diffuse into the juice, a somewhat bitter or
otherwise unpleasant flavor obtains.

MeTan ConrTAMINATION. Blount and Bailey (1) have
reported that Duraloy (29.5 per cent chromium, 70.5 per cent
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iron) was the most resistant of numerous alloys to the action
of boiling orange juice. They made no flavor tests. Joslyn
(7) reports that aluminum and stainless steels have been
found superior to other metals for the handling of orange
juice, whereas copper and iron exert deleterious effects.
The writers’ own experiments confirm Joslyn’s findings.
They found that copper and iron imparted off-flavor when
present to the extent of 5 p. p. m. Chromium spoiled the
flavor at 30 p. p. m. Tin exerted uncertain effects over a
range of 15 to 60 p. p. m. Aluminum and nickel did not im-
part any flavor.  Piping troughs and tanks of Allegheny metal
(8 per cent nickel, 18 per cent chromium, 74 per cent iron)
were satisfactorily resistant to corrosion, although this
metal was slightly roughened where scale formed.

DEeGrREE oF DEAERATION. During the first half of the
season, the vacuum system was only strong enough to impart
a vacuum of not more than 20 inches but thereafter new equip-
ment yielded regularly a 27-inch vacuum. Furthermore, the
juice was exposed to this reduction of pressure for the rela-
tively short periods of time required to fill the three 30-gallon
(113-liter) Allegheny surge tanks which emptied in staggered
rotation. According to Joslyn and Marsh (8) deaération is
not effected until a vacuum of at least 27 inches is reached.
Therefore, the juice in the present experiments was not
effectively evacuated. In these experimental packs, no ad-
justed degree of evacuation of juice or temperature of freezing
was found to exert any beneficial effects on juice which was
packed in cartons, whereas such treatment did make slight
differences in juice which was frozen in cans. In the latter
series, it was evident that deaérated juice kept better than
juice which was not deaérated. Moreover, deaérated juice
could be packed under atmospheres of carbon dioxide, nitro-
gen, hydrogen, oxygen, and helium with, substantially,
equally good results. On the other hand, deaérated juice,
charged by bubbling these gases through it, held up in the
following order of excellence: hydrogen was best; then
helium and nitrogen of equal quality; followed by carbon
dioxide and oxygen. When different degrees of evacuation
were applied to the freezers, no appreciable difference was
noticed in the quality of the frozen juice.

In spite of the precautions taken to keep oxygen from t}xe
plant-run juice, certain experimental batches of juice which
were prepared by bubbling oxygen through them were better
than more carefully prepared juice, because, presumably, they
contained some constituent which rendered them less sus-
ceptible to oxidation. Chace’s finding (4) was conﬁrn}ed
that the charging of a juice before freezing, or the packing
of it after freezing in an atmosphere of carbon dioxide, does
not exert an appreciable influence to improve the product.

PackAaGEs. Generally, packaging in cardboard cartons
was found satisfactory for short-time storage, but during
long storage the contents deteriorated markedly. Packaging
in tin cans, plain or enamel, exhibited good quality even
for as long as 3 years. Cans showed no signs of corrosion
and were not even spangled.

QuALITY AS PRODUCED

Viravay C. In this laboratory, Conn and Johnson (5)
showed that frozen orange juice, kept in storage for 5 months,
does not lose any of its original vitamin C potency. SU
stantially all of this vitamin occurs in the filtered juice, a0
therefore the presence of pulp in juice adds nothing to the
latter's vitamin C content. Nelson and Mottern (12),
found that frozen orange juice packed with no precautions to
exclude air maintains its original vitamin C content unim-
paired for at least 10 months. Buskirk, Bacon, Tourtellotte,
and Fine (3) report that frozen orange juice retains it full
vitamin C potency when stored for 20 months. ;i

In this connection it might be interesting to call attention
to the work of Maslow, Shelling, and Kramer (9) who I
radiated orange juice for 3 hours and imparted sufficient
vitamin D potency for definite cure of rachitic rats. In
personal communication Shelling states that in the t}pPhca‘
tion of this work to children, they readily took the juice, a1
it was clinically effective. The work was not continued b
cause of the development of viosterol. (They quote ?ﬂ.“*
that irradiation of lemon juice for 8 hours did not impair!
antiscorbutic potency.) ¢

Fravor. In general, practically all the juice which “:3?
packed before April 15 possessed good flayor and has mait
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tained it for 3 years in storage. On the other hand, almost all
the juice packed after this date was of unsatisfactory quality
and appreciably deteriorated in storage. The period of best
juice coincided with the Pineapple season and the application
of only 20 inches evacuation, whereas poorer quality of frozen
juice was produced with Valencia oranges and the application
of 27 inches evacuation. Juice which was good immediately
after packing remained so during storage. No involved
packing procedure has succeeded in making a poor juice into a
good one.

APPEARANCE. Frequently there is associated with spoilage
an unsightly coagulation on the pulp. On defrosting, this
settles out, leaving a perfectly clean supernatant solution.
Sometimes this coagulation is accompanied with a browning
of the color. Often it is accompanied with off-flavor.

DEFROSTING. Just as much care is necessary to defrost a
frozen orange juice properly as was originally expended in
preparing it for freezing. Attempts to hurry and defrosting
by placing the carton in hot water, or otherwise by rapidly
heating it, will hurt the flavor. Slow defrosting by allowing
the juice to sit in a household refrigerator overnight yields the
best product. An intermediate quality is obtained by
allowing the package to defrost at room temperature, which
may require several hours.

REFREEZING. If a carton of frozen orange juice is slowly
defrosted to the extent that there still remains a small amount
of ice, the package may be returned to the sharp freezer and
refrozen without deleteriously affecting the flavor. A repeti-
tion of this treatment definitely impairs the quality.

Such refreezing in an air blast is a relatively slow procedure.
It results in the development of the so-called metacryotic
fraction. This may ooze or leak out of the carton or cup and
impart a sticky unsightly appearance to the package.

MARKETING EXPERIENCES

Attendant upon the widespread acceptance of the teachings
of the newer knowledge of nutrition, the demand for orange
juice at breakfast became very great. Attempts to prepare a
bottled juice preserved by chemicals or heat treatment had
not met with success. None of these products tasted like
fresh (or even near fresh) orange juice. Accordingly, several
attempts were made to preserve the juice by freezing it and
delivering it to the householder every day. The failure of
such efforts was attributed to poor quality of product and
faulty marketing procedure. Inasmuch as the diaryman had
built up an extensive delivery system to handle highly perish-
able milk every morning, and since orange juice was properly
considered as being complementary to milk in the diet and
preponderantly used at breakfast, it was thought that the
milk wagon would be the ideal means for delivering frozen
orange juice.

Every morning the householder would find a package of
frozen orange juice on his doorstep, along with his milk and
cream. He would not have to go to the expense of buying
oranges, half of which was wasted in pulp and peel and freight.
He would not have to bother with the messy squeezing of the
oranges. A simple defrosting would give him fresh orange
Juice quickly. It all sounded so plausible that numerous
dairymen embarked on the enterprise.

It never had a chance to succeed. There were se_veral
causes for failure, any one of which was great enough it itself.
In the first place, the economies of the plan was unspund.
The country was suffering from the depression, the price of
fresh oranges was low, and the alleged economies to the
11'0useholcler were not convincing. A falling market was no
tupe to inaugurate the distribution of a new, relatively high-
priced product. -

Moreover, the housewife found that the proposition was
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not labor-saving or convenient. If the package of frozen
juice was taken indoors soon after delivery, the problem was
to melt it down for breakfast. To hurry matters, the pack-
age was heated, thereby impairing the flavor. If the juice
was delivered too early on a hot morning, it was all melted
when taken indoors. Some bought the juice one day and
left the package in the refrigerator to defrost slowly for use the
next day. This was the correct method. But, in general, it
was found that customers cannot be educated overnight to the
use of a new product which must change their buying and
culinary habits.

Furthermore, high-pressure salesmen unloaded large quanti-
ties of the juice on delicatessen and other store dealers who did
not have the facilities for keeping the juice in the proper condi-
tion. This brought an inevitable result of dissatisfaction and
adverse criticism.

To meet the customer’s complaint of not wanting to bother
with the defrosting job, the frozen product was removed from
cold storage 24 hours before delivery to allow it to thaw to a
mushy condition at the time that it was put on the wagons.
Accordingly, when the customer was ready to use it, the juice
was in a liquid state but still cold. However, returns could
not be sent out again.

Then too, the milk wagon drivers were not properly in-
structed or interested. Many reacted strongly against having
to handle the orange juice in their deliveries. The drivers
always had to take out more than they were expected to sell,
with the result that the returned cartons were in all stages of
defrosting.

Also, it was almost impossible to deliver a product of con-
stant quality. From the discussion above, it is seen that
the uncontrolled irregularity in the quality of the fruit oper-
ated to produce juice which varied markedly in its composition
even from hour to hour. Of course, such a situation brought
complaints. Uniformity of quality is a prime requisite for
successful marketing.

TFinally, the frozen orange juice was not equal in quality to
that which is freshly extracted from the orange. Some
batches have maintained an excellent quality in storage for
3 years whereas other batches soon became unsalable. Spoil-
age embraced molding, yeast growth, discoloration by brown-
ing, coagulation of pulp, loss of flavor, development of ter-
pene flavor, etc. A juice must closely match the fresh product
if it is to find favor in a large way.

However, in spite of the above difficulties, frozen orange
juice is still being marketed by several firms who handle the
product in bulk and sell it to institutions, schools, restaurants,
manufacturers of orange juice soft drinks, and similar busi-
nesses. Many persons, especially children, like to eat it in the
form of & slush something like the so-called snowball. Asa
matter of fact, present stocks of frozen orange juice yield
better juices than much of the alleged fresh juice which is now
served at good restaurants.

With regard to the future, it is clear that some of the fore-
going difficulties are correctable. The depression will not
last forever, and accordingly the question of prices will again
become significant. The education of the salesman and
consumer are matters of time and intelligent effort. Two
difficulties remain, and they await the attention of further
research effort. These are constancy in quality of product
and an improvement in quality to equal more nearly that of
freshly expressed juice. When these two problems are
solved, the market for frozen orange juice will increase.
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Phase Equilibria in Hydrocarbon Systems

IV. Solubility of Propane in Two Different Oils!

B. H. Sage, W. N. Lacey, anp J. G. ScHaAFrsma, California Institute of Technology, Pasadena, Calif.

fluence upon the solubility of the gasin a hydrocarbon

liquid. Previous experimenters (I, 3, 4, 8) have pre-
sented results which indicate that variations of the composi-
tion of the gas may have a much larger effect than variations
of the composition of the liquid upon the changes resulting
when the two are brought to equilibrium with each other.
In a study of the effect of gas composition on such equilibria,
it seems desirable to make measurements using, in a pure
state, each of the several constituents found in natural gas
and thus lay a foundation for correlating and predicting the
behavior of mixed gases. Such studies are being made as a
part of the work carried on under Research Project 37 of the
American Petroleum Institute. This article presents the
results of measurements of the solubility and resulting changes
of properties when pure propane gas is brought to equilibrium
with each of two oils at various temperatures from 70° F.

THE composition of a hydrocarbon gas has a large in-

ATMOSPHERES
12

One of the oils used was a highly refined, water-white
material known as crystal oil. It was chosen for this and
other studies as a stable liquid of moderately high viscosity
and relatively narrow range of composition and of boiling
point, with practically no constituents likely to vaporize in
the range of temperatures included in these studies. The
other oil consisted of a blended sample taken from Santa Fe
Springs Field, Calif. The properties of these two oil samples

are as follows:

SanTA FE Sprines

CrysTaL OI1L Crupe O

%p. gr. (100°/39.2° F.) 0.8665 0.8339
ravity, © A. P. I. (60° F.) 29.1 35.1
Viscosity at 200° F., millipoises 40.5 12.0
Mol. wt. 337.5 199.

Since all the temperatures involved in the work here pre-
sented lie below the critical temperature of propane, it wil
be seen that the maximum pressure at which a gas phase
would exist would be the vapor pressure of propane at the
particular temperature prevailing, when the oil itself has no

4 18 20 .
| ; | | I appreciable vapor pressure, as in the case of the crystal 0}1-
! e i Where the solvent has an appreciable vapor pressure, as Il
a0 SREIET the case of the Santa Fe Springs oil sample, this maximun
E ¥ 33/8/ K 7 B total pressure would be greater than the vapor pressure 1?1
S, RESRES iyl A4 propane. In both the propane—crystal oil system and the
3 i / / \}'\vz’ I propane-Santa Fe Springs crude oil system the temperature
B L 4 /S range studied was below the critical temperatures of bo}h
2 7 U d / constituents involved, and so there would be no tendency for
& ; // / ,’/ /"’ ?5/’ transfer of the solvent to the vapor phase, beyond that due
33 oy / 7 7o v to the vapor pressure at the existing temperature, as the
2 e }/; / / ATMOSPHERES 3
4 4 8 12 16
g | 7 iz [ ||
S ) 1 1 B
§ 21 17/ /// / 7 n( ! e
/ :;// Bt — CRYSTAL oOIL Lok f 7
/ ., - ! 7/ £
I/ / STTA FE lSPRINGSI CRUDE 5 Y IF /’
30 80 120 160 200 240 280 I L4 9 S f—F
PARTIAL PRESSURE OF PROPANE POUNDS PER SQUARE INCH - " r b- %
Ficure 1. SorusiLity oF PropAnE IN Two OiLs § ; / 7 b
e r B
(21.1° C.) to 200° F. (93.3° C.) and at pressures up to ap- s o /, 7 >
proximately 70 per cent of the vapor pressure of propane at Y120 | L/ Vs / e R
each temperature. 3 / /
SOURCE OF MATERIALS AND METHODS OF PROCEDURE ; 116 _// Lt
The supply of ¢. ». propane for this work was obtained from <
the Philgas Company. Their careful analysis by special Yiosl— ———t—
methods showed no appreciable amounts of other hydrocar- -
The purity was also verified by excellent

bons to be present.
constancy of vapor pressure throughout complete isothermal
condensation.

1 For Parts I, II, and III, see literature citations 10, 11, and 4.

40 80 120 160 200 240
PARTIAL PRESSURE OF PROPANE POUNDS PER SQUARE INCH

Ficure 2. VOLUME OF SATURATED SOLUTIONS Cox-
PARED TO VOLUME OF ORriGINAL O1L
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TaBLE I. ORIGINAL DATA ON PROPANE-CRYSTAL OIL SYSTEM.

(P = partial pressure of propane, pounds per square inch absolute; S = propane dissolved, cubic feet per pound of crystal oil;

VL = volume of liquid phase,

cubic feet per pound of erystal oil)

At 160° F.

ATSTO" F, AT 100° F.

At 140° F.
S

———AT 200° F.
P 9

13 VL 75 S VL ) |47 I% S VL S VL

0.0 0.0 0.01823 0.0 0.0 0.01845 0.0 0.0 0.01879 0.0 0.0 0.01891 0.0 .0 0.01926
33.4 0.4002  0.01956 20.7 0.2223  0.01916 40,1  0.2043  0.01962 56.4  0.2502 0.01981 51.8 0.1557 0.01978
45.3 0.6135  0.02030 53.5  0.4652  0.02000 75.6  0.4464 0.02040 101.0 0.5131 0.02077 97.0 0.3225 0.02042
55.8 0.8441  0.02106 72.4 0.7022 0.02092 105.3 0.6918 0.02133 138.1 0.7789 0.02176 137.6 0.4914 0.02106
64.9 1.066 0.02180 87.2 0.9340 0.02169  130.7 . 0.9391  0.02225 168.2 1.039 0.02274 174.6 0.6645 0.02172
72,8 1.308 0.02258 100.4 1.175 0.02254 152.6° 1.198 0.02320 194.7 1.312 0.02379 208.5 0.8388 0.02239
79.7 1.541 0.02343 111.6 1.419 0.02351 172.0 1.461 0.02415 217.8 1.592 0.02489 240.6 1.025 0.02314
85.2 1.766 0.02419- 121.2 1,668 0.02429 189.4  1.733 0.02510 237.8 1.871 0.02571 270.5 1.214 0.02391
90.1 2.007 0.02502 129.5 1.906 0.02512

94.4 2,241 0.02586 136.4 2,144 0.02604

amount of propane and the pressure were increased. The
effect of total pressures, such as those encountered in this
work, upon the vapor pressure of the liquids used would be
negligible. In these systems, therefore, the only process
oceurring when propane is added to the system in increasing
amounts, with consequent increases in pressure, is a simple
dissolving (4) of increasing amounts of propane in the liquid.
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Ficure 3. Sprciric GRAVITY OF SATURATED
SoLuTIONS

It has been assumed, in the case of the propane-Santa Fe
Springs crude oil system where the oil has appreciable vapor
pressure, that Dalton’s law of partial pressures was appli-
cable and therefore that the partial pressure of propane in the
system at any time could be obtained by subtracting the vapor
pressure of the crude oil for the temperature existing from the
total pressure as measured. Any uncertainty in the solu-
bility values caused by this assumption would be small in
this case since there would result only a small error in the
amount of gas in the gas phase, which was in turn only a small
fraction of the total gas added to the system, the rest being
in solution in the oil.

The solubility measurements were made with the appara-
tus and by the methods described by Sage and Lacey (10).
Air was removed from the solubility cell before addition of
propane by cooling the cell and contents to the temperature
of solid carbon dioxide, evacuating to remove the air, closing
the valve, and then bringing the cell to the temperature at
which the measurements were to be made. Cooling the
liquid prevented any appreciable loss of the constituents of
the oil during evacuation. The viscosity determinations
were made by means of the apparatus described by Sage (9).
The specific gravity of propane gas at 60° F. and 14.73 pounds
per square inch absolute pressure was found by experimentfal
measurements to be 0.001889 compared to that of liquid
water at its maximum density as unity. :

The method used consisted in expanding a caref ul!y weighed
amount of liquid propane from a special light-weight bomb
into an accurately calibrated, mercury-filled pipet in a thermo-
stat. The volumes used for each determination were ap-
proximately 300 cubic inches (5 liters), and the final cqndl-
tions are mentioned above. The value thus obtained differs
from that taken from the literature (2) for use in a previous
article of this series (11).

ResuLrs OF EXPERIMENTS

The experimental results obtained from the study of the
propane-crystal oil system are shown in Table I. Corre-
sponding tabulation has not been made for the propane—
Santa Fe Springs oil system because of the belief that the
results could be shown graphically to as great an accuracy as
the reproducibility of the oil sample would justify. The
values of solubility of propane are given in terms of volumes of
propane dissolved in unit volume of original oil, both being
measured at 60° F. and 14.73 pounds per square inch absolute
pressure.

In Figure 1 is shown the variation of solubility as a function
of the partial pressure (absolute) of propane for equilibrium
at each of a series of different temperatures. The points
shown were calculated directly from the experimental observa-
tions. The curves for both oils are shown on the same figure
for purposes of comparison. To convert the solubility values
to cubic feet of gas per barrel of original oil, multiply by the
factor 5.615.

The relative volumes of the liquid phases as compared to
those of the original oils (at 60° F.) are given as functions of
the partial pressures of propane for saturation at several
temperatures by the curves of Figure 2. The fact that the
curves do not start at the origin is due to the thermal ex-
pansion of the oil on heating from 60° F. to the temperatures
at which the determinations were made. Both the solubility
curves of Figure 1 and the relative volume curves of Figure
2 would be expected to approach infinity as the partial
pressure of the propane in each case approached the vapor
pressure of pure propane at the temperature of the run.
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Figure 4. APPARENT SpECIFIC GRAVITY OF
DissoLvED PROPANE

Figure 3 presents the variations in the specific gravities of
the liquid phases with changes in the partial pressures of
propane at equilibrium. The specific gravities given in this
paper are the ratios of the weights of unit volumes of the
liquids to the weight of a unit volume of liquid water at its
maximum density. Each curve of Figure 3 would end at a
point corresponding to the vapor pressure and the specific
gravity of pure liquid propane at the temperature to which
the curve applies. The more rapid reduction of specific
gravity of the liquid for the lower temperature is due to the
greater solubility under these conditions.
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Ficure 5.

If the change in volume of the liquid phase, as propane dis-
solves, is assumed to represent the volume of the dissolved
propane, the apparent specific gravity of the latter may be
directly calculated from the experimental data. This would
not be the same as the partial specific gravity (6) of propane
since it takes into account the total change from zero pressure.
Figure 4 shows the results of such calculations. The values
are considerably higher than the corresponding specific
gravities of pure liquid propane in equilibrium with propane

gas. They would approach the latter values as the partial
pressures approach the vapor préssures of propane.
The average
_ ' |, _l,, molecular weights
= of the samples of oil
§320 were determined by
b “F°  measurement of the
Fid 4 freezing pointlower-
2 F|32ing of benzene. As-
g o summg.thls method
2 ~'°§ to furnish a correct
g measure of molecu-
® 80 s lar weight, as it
< o= L i would in the case of
2 :‘ﬁ:’gf—-——"“—_ ideal solutions in

the benzene and no
formation of solid
solutions, the molal
compositions of
the liquid phases may be calculated for each of the experi-
mental points. Figure 5 shows a plot of molal composition
vs. pressure. Comparison of Figures 1 and 5 shows that,
although the solubilities in the two oils differ substantially
for a given pressure and temperature, the correspond-
ing molal compositions of the liquid phases are not greatly
different. In Figure 5 each iostherm would reach 100 mole
per cent propane at the vapor pressure of pure propane
at the given temperature. The divergence of these curves
from the straight line predicted by Raoult’s law is small.
Since the molecular weight of the Santa Fe Springs oil is
nearer that of propane, it would be expected that the di-
vergence would be smaller in its curves, and this is found
to be the case. It is surprising that the curves should cross
the Raoult-law line and this may point to small errors due
to the method used in determination of the molecular weights
which would cause the curves to pivot slightly about the
origin. Considering the wide difference in properties of
the two oils used, the similarity of the curves for them
indicates the possibility of satisfactory correlations of pro-
pane solubility data by means of this type of plot.
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Ficure 6. ToraL EquiLiBrium Pres-
SURES ABOVE SOLUTIONS
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Total pressure curves for mixtures of fixed composition
are shown in Figure 6. The points shown were taken di-
rectly from a graph similar to Figure 5 except that in this case
the total pressure on the system was employed rather than the
partial pressure of propane. The lowest dashed curve shows
the variation with temperature of the pressure exerted by the
Santa Fe Springs oil itself.

The effect of dissolved propane upon the viscosity of the
liquid phase is shown in Figure 7. The more rapid decrease
in the viscosity of the Santa Fe Springs crude at 140° F.
results from a greater solubility for a given pressure at the
lower temperature. Curves of similar appearance are ob-
tained when viscosities are plotted against molal composi-
tions of the liquid phases. Viscosity measurements at the
lower temperatures were precluded by the requirement of
large amounts of propane due to high solubility and the rela-
tively large volume of the viscometer.

The ratio of the mole fraction of propane in the gas phase
(y) to its mole fraction in the liquid phase (z) is commonly
used in calculations relating to petroleum equilibria. Values
of this ratio (y/z) for propane in the propane-crystal oil
system are shown in Figure 8. These curves agree fairly
well with corresponding values predicted by Souders, Sel-
heimer, and Brown (12) on the assumption of ideal solutions.
The values of y/x for propane in Santa Fe Springs crude ol
could not be calculated with the same certainty because the
molecular weight of the vaporized portion of the crude oil
was unknown.

Little information has been published on the heats of solu-
tion of gaseous hydrocarbons in other liquid hydrocarbons.
The experimental data described above, when combined
with a knowledge of the specific gravities of gaseous propane,
also obtained in these studies, permit the accurate calcula-
tion of the partial heat of solution of propane gas in 11(1}11d
crystal oil for any temperature and pressure combination
within the ranges studied. In this connection the partial
heat of solution is considered to be numerically equal (but of
opposite sign) to the heat required to vaporize one pounfi of
propane from a solution in crystal oil under equilibrium
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conditions at a given composition of the
f the solu-

process would be approached when the amount o
tion was large compared to the quantity of propane Vapors
or when one considered conditions at a fixed point in a 0%
tinuous process where the temperature and pressuf_e_mmf_““t‘he
constant with respect to time. The above dgﬁmtmn 1 -
same as that of the partial heat of solution given by Lex
and Randall (6).

The conditions specified make directly
Clapeyron equation (?):

applicable the



August, 1934

(.g _ AH
8T ). = TAV
AH in this case is the partial heat of solution of one pound of

propane in a solution in crystal oil. The change in volume,
AV, is the difference between the change in volume of the
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FiGure 8. VALUES OF y/z FOR PROPANE IN THE

ProrPANE-CRYSTAL O1L SYSTEM

solution due to dissolving in it one pound of propane (i. e.,
the partial specific volume of propane) and the specific volume
of gaseous propane at the specified temperature and pressure.
AV was, therefore, directly obtained from the experimental
data. Values of (5P/sT)- for each set of conditions were
determined from the slopes of the constant composition-
total pressure curves of Figure 6 by graphical interpolation.
The values of the partial heat of solution at constant
pressures are shown as functions of the temperature in Figure
9. To avoid the plotting of negative values, they have been
expressed in terms of heat evolved in place of heat absorbed.
These values can be applied to a process where the pressure
and temperature are changing, if the path is known. For
isothermal conditions where equilibrium is maintained, the
path may be predicted from the data corresponding to Figures
1 and 2. For these isothermal conditions the heat absorbed,
when the equilibrium partial pressure of propane is increased
from zero to some given final pressure, P, has been calculated
in the following manner: The partial heat of solution in
Figure 9 may be written (8H/sW)r where W is the weight of
propane dissolved. The slope of the solubility curves may
be written as (37 /sP)r per pound of crystal oil, proper con-
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Ficure 9. Partiarn HEAT oF SoLuTION OF PRO-
PANE 1IN CrysTAL OIL

sideration being given to the conversion of the units of
V.O!ume to units of weight. The product of these two quan-
tities gives the rate of heat absorption as the partial pressure
of propane is increased, expressed as B.t.u. per pound per
square inch for one pound of crystal oil. It should be under-
stood that the propane must be added to the system at the
same pressure and temperature at which it is dissolved in the
solution. Graphical integration of the quantity,

72
(), ()5
0 W )z \oP Jr

for constant temperature gives the heat absorbed when one
pound of erystal oil is saturated with propane at a given tem-
Perature by a reversible isothermal process of solution, in
which the partial pressure of propane is gradually increased
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from 0 to P, each increment of propane dissolved being
furnished at the then existing partial pressure.

The results of such calculations are shown in Figure 10.
For convenience in avoiding negative quantities, these results
are expressed as heat evolved rather than heat absorbed.
As the vapor pressure of pure propane is approached, the heat
evolved approaches infinity since an infinite amount of pro-
pane must be dissolved in the one pound of crystal oil in order
that the equi-

librium partial ATMOSPHERES
pressure shall T T '|2 '|°
h the v. ] “
reach the vapor | ! i
pressure of pure ¢ 3 /’ H 4
propane. 520 7 =7
v L
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The follow-t =222 e
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regarding the ¢ / s
> [ +
behavior of & , Ea ]
mixtures of 5
propane and g ,

two petroleum
oils have been
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Ficure 10. Hear EvoLveEp WHEN THE

reached: ToraL AMOUNT OF PROPANE NECESSARY TO

1. The solu- SAaturATE ONE Pounp oF CrysTAL OIL AT
bility of propane A Given Pressure Is DissoLvep At Con-
in an oil in- STANT TEMPERATURE

creases rapidly

as its partial pressure approaches the vapor pressure of pure pro-
ane,

: 2. The apparent specific gravity of the dissolved propane is

greater than that of pure saturated propane liquid at the same

temperature.

3. The molal composition of the liquid phase for a given tem-
perature and given partial pressure of propane is almost the same
for each of the solvents in the range investigated.

4. 'The laws of ideal solution appear to apply to propane rather
closely when dissolved in crystal oil.

5. The heat of solution of propane in crystal oil is compa-
rable to the heat of condensation of propane at the lower part of
the temperature range investigated but is much larger than the
heat of condensation as the critical temperature of propane is
approached.
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Small-Plant-Scale Liquid-Phase Hydro-
genation under High Pressure

Hydrogenation of Furfural

GEORGE CALINGAERT AND GRAHAM EDGAR

HIS paper describes a

I small plant for the hydro-
! genation of furfural to
furfuryl alcohol. The process
uses a method deseribed by
Adkins and Connor (1), employ-
ing liquid-phase hydrogenation
under high pressure in the
presence of a copper chromite
catalyst. In this relatively new
field little information is avail-
able in the literature on the factors governing successful opera-
tion on a manufacturing scale. The experiences acquired in
this particular instance are reported here in the hope that they
may be of some value to those interested in similar problems.

Laboratory experiments readily confirmed the report of
Adkins and Connor but made it also apparent that the process
could not be transferred to plant scale without certain modifi-
cations. Three main difficulties became apparent at once:
(a) The decomposition of the complex copper chromate is
exothermic and self-sustaining, yet the temperature must
be kept below certain limits; otherwise the product formed
shows only very slight, if any, activity. This can be done
fairly readily on small batches in the laboratory, but the
suggested procedure must be considerably modified if it is
desired to produce regularly several kilograms a day of
catalyst of a uniformly high activity. (b) The hydrogena-
tion reaction is also exothermic, and both furfural and fur-
furyl alcohol are somewhat sensitive to high temperature,
tending to polymerize. To obtain a product of high purity,
it is necessary, therefore, to employ a catalyst of sufficient
activity to induce a high rate of reaction at a moderate
temperature, and to remove the heat of reaction rapidly
enough to prevent a substantial rise in temperature during
the hydrogenation. (¢) Efficiency of stirring is an important
factor in liquid-gas reactions, but the method of stirring used
in the laboratory (rocking autoclave) was not very adaptable
to plant-scale operation, and no data were available on the
relative efficiencies of different methods of stirring. Other
minor problems arose as the development work progressed,
and various solutions were tried until a process was finally
evolved which appeared satisfactory. This final process
will be deseribed here, only passing reference being made,
when relevant, to procedures which were tried and later
discarded. While the plant operated smoothly and eco-
nomically, the authors have no doubt that further experi-
mentation might result in further improvements and greater
economy.

As explained below, the process proved to be even more
attractive than was indicated by Adkins and Connor. Under
the proper conditions a catalyst was prepared which would
hydrogenate furfural in less than 30 minutes instead of 2
hours, as reported by these investigators. Another ad-
vantage is that the product obtained is of high purity, being
light in color and remarkably free from tetrahydrofurfuryl
alcohol, methyl furane, and pentanediols, which are usually
present when a nickel catalyst is used.

A

chromite calalyst.

Furfuryl alcohol of high purily has been
prepared in a small-scale plant by hydrogenation
of furfural around 175° C. under 50 to 100
almospheres pressure in the presence of a copper

given of the delicale preparation of a highly and
untformly aclive catalysl, as well as of the design
and operation of the hydrogenation plant.

, Ethyl Gasoline Corporation, Detroit, Mich.

It must be remembered that
practically no experience was
obtained with the hydrogenation
of any substance other than fur-
fural. Some of the details of
operation were no doubt made
necessary by the characteristics
of the two materials involved—
furfural and furfuryl alcohol.
It seems likely, however, thatin
the main (and particularly in
what relates to the preparation of the catalyst and the type of
autoclave used) the experience reported here is substantially
directly applicable to any similar hydrogenation process.

delailed description is

PREPARATION OF CATALYST

Bastc CoppEr Annionrum CHROMATE. As indicated by
the amounts of materials reacting, by the yield, and by the
analysis of the product, the copper chromate intermediate 1s .
precipitated in accordance with the equation:

2CUSO| + Nﬂgcl'201 + 4NH3 + 3H20 =
2Cu(OH)NH,CrO; + Na.S0¢ + (NH():S0:

In a 400-liter earthenware crock fitted with a monel
stirrer, 250 gram moles of powdered commerecial CuSO- 5H:0
and 125 gram moles of commercial Na,Cr:0;-2H.0 are
dissolved in 300 liters of water. To this solution are then
added slowly, approximately 500 gram moles of ammonid
in the form of the commercial concentrated aqueous solution.
The exact end point is reached when the addition of & few
drops of ammonia solution to a filtered or decanted sample
of the solution no longer gives any precipitate. (An exces
of ammonia causes the solution to turn deep blue and results
in a lower yield of precipitate.) The slurry is filtered through
a filter press, and the cake is washed until the wash water s
practically colorless. The cake is then dried by blowing
with air, removed and dried in an air oven at 110° C. The
yield is nearly theoretical, the product analyzing close to
CU(OH)NH4CI'04.

This material is fed in the form of friable lumps to a pow!
mixer in which it is mixed with enough water (about 10 per
cent) to give a powder moist enough to cohere when squeezct
in the hand without, however, becoming sticky. This I
then fed to a granulator fitted with 12-mesh screen (abf’“t,5
mesh per em.), and the granulated material is again dried in
the oven. The final product contains about 80 per cent qf
granules and 20 per cent of fines. Material of this type 1
handled satisfactorily by the roaster deseribed below, but,
when the product contains enough fines to interfere with the
operation of the roaster, these fines are sifted out and
back to the powder mixer.

Copper CHrOMITE. As stated in
decomposition of the complex chromate is induc
but is exothermic and self-sustaining. Assuming the fo
given above to be correct, the reaction can be written:

2Cu(OH)NH,CrO; —> Cr:0: - 2Cu0 + N + 5H:0

der

the introduction, the
ed by heat
rmula
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The problem is, then, to raise the material to a temperature
sufficient for the reaction to start and to keep it there while
removing the heat as fast as it is evolved. The type of equip-
ment finally adopted was a continuous rotary tube furnace,
heated electrically, in which the chromate is fed from a
hopper by means of a screw feed. This furnace is illustrated
in Figure 1.

The granulated chromate in hopper A is fed by means of the
serew feed, B, into roasting tube €. This is a copper tube
7.5 em. in diameter and 1 meter long, fitted by means of
bushings into the two stationary end assemblies. The tube is
supported by two ball bearings, D, and is rotated at about
15 r. p. m. by means of the sprocket wheel, E, and a motor
and reducing gear (not shown). The tube is heated by means
of a resistance wire, F, wound around it on a thin coating of
alundum cement, in two circuits with terminals at G, H, and
I, connected to posts J, K, and L, to which the current is
supplied by means of the rotating disk collector, M. Both
circuits are controlled independently by means of suitable
theostats. In the first half of the tube the heating wire
remains uncovered while the second half is lagged with
asbestos tape 7. The bearings are protected from heat ra-
diation from the winding by the baffle plates, N. Short stem
thermometers, O, of range 200° to 400° C. are inserted
through seven holes along the tube in such manner that the
bulbs come in contact with the granules passing through the
tube. A strip of 12-mesh copper screen (5 mesh per cm.),
about 1 meter long and 7.5 cm. wide, is held inside the tube
by friction. This screen acts as a scoop and picks up and
mixes the granules at each revolution of the tube. The
. brogress of the granules through the tube is facilitated by the

tilt of the tube. The roasted catalyst is discharged into
header P and is received into a suitable container at Q.
The back of the header remains open at R for inspection and
sampling, and a hand-type vacuum cleaner is connected at S,
drawing air through R and creating a slight suction inside
the tube. This is essential to keep dust from seeping out
through the joints
and also to prevent
the water formed in
the reaction from con-
densing in the cold
feed and causing it to
cake and clog the

X
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remove some of the copper oxide without causing an increase
in the activity of the material. Also, on sifting, 80 per cent
of the product passed a 200-mesh screen (80 mesh per c¢m.),
and the unsifted material was just as active as the portion
which passed the screen. |

HYDROGENATION

EquipmenT. The autoclave (Figure 2) was built by the
Blaw-Knox Company of Pittsburgh. It follows the general
design of a first and smaller unit, the later model embodying
several improvements which suggested themselves from the
experience obtained with the earlier one. This autoclave,
of the vertical cylindrical type, comprises a forged steel
shell, A, with bolted lid, B, and equipped with a vertical
shaft, C, fitted with two turbine-type mixers comprising
rotors D and G and stators E and F. The cover of the auto-
clave is made tight by means of a gasket of monel metal
confined in a narrow groove. The autoclave is designed
for normal operation at 100 atmospheres and is operated up
to 120 atmospheres. The stuffing box is equipped with Gar-
lock Chevron metal packing and is water-cooled. A 1 horse-
power motor and reducing gear assembly (not shown) operates
the stirrer at 325 r. p. m.

The autoclave body is approximately 40 cm. in diameter
and 80 cm. deep, with a total capacity of 100 liters and a
working capacity of 80 liters. The level of the top turbine
is adjustable and is placed about 3 to 5 cm. below the liquid
level. This creates a vortex which sucks hydrogen into the
liquid and causes very efficient mixing. The cover of the
autoclave is fitted with several openings: a gas outlet and a
connection for the pressure gage (not shown), a liquid inlet,
H, and a thermocouple tube, J. This latter is welded into
the cover but is open and threaded at its bottom and is
fitted with a cap. The thermocouple, similar to the one
described by Dykstra and Calingaert (2), is immersed directly
in the charge, thus avoiding any lag in reading the true
temperature of the liquid. The hydrogen inlet, K, and the

tube. S
The heat on the two s\ =\ v

N

coils is so controlled B i : &
that the middle ther-
mometer reads be- ]

Q/

tween 320° and 340° a
C. With the proper f

adjustment of heat
and lagging, the tem-
perature along the
tube rises rapidly to
200° C. in the first 20 cm., then to 320-340° in the middle,
and decreases slowly to 250-220° at the discharge end of the
tube. Under normal operation a tube of this type will produce
about 2 kg. per hour of roasted material. The product ob-
tained is homogeneous in composition and uniform in quality
as long as the temperature is controlled carefully. It has the
appearance of black granules, somewhat velvety or lustrous
like soot, and with a faint brownish cast. Underroasted
material is decidedly brown, while overroasted granules are
grayish or dull black with chrome-green specks.

'Ijhe granulated material is pulverized by passing through
an impact mill. The powdered catalyst is ready for use or
may be stored in closed containers for several days without
loss in activity. [Washing with acetic acid was found to

FiGure

1. Caravyst Roasting TuBe

discharge opening, L, are at the bottom of the autoclave.
All gas connections are fitted with Vogt high-pressure needle
valves, and both liquid inlet and outlet with high-pressure
Nordstrom Merco lubricated valves. In spite of the fact
that the liquids handled always contained suspended solid
matter, no difficulty was ever encountered in making the
valves close tightly.

The autoclave is surrounded by a heating and cooling
jacket, M, tested at 10 atmospheres hydrostatic pressure.
The jacket contains a spiral baffle, N, welded onto the shell
but without making a tight joint with the outer shell. The
purpose of this baffle is to increase the efficiency of cooling
by causing the cooling water to circulate at a high velocity
in the spiral space. Suitable connections to the jacket permif
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heating by means of steam at 7 atmospheres (175° C.) or
cooling with water.

7

HYDROGENATION AUTOCLAVE

Ficure 2.

The auxiliary equipment comprises a hydrogen manifold
with two banks, each capable of handling eight cylinders,
and a preheating and feeding tank located above the auto-
clave. This latter is equipped with a high-speed stirrer, an
immersion electric heater, and a thermocouple. While one
charge was being hydrogenated, the next one was preheated
to about 100° C. and was mixed with the catalyst just before
charging.

MareriaLs. The furfural used was the “refined” com-
mercial grade regularly supplied by the Quaker Oats Com-
pany. Later it was found that, if a material practically free
from furoic acid is used, the result is a slightly higher rate of
hydrogenation and a product which is only slightly colored.
The hydrogen was electrolytic hydrogen received in standard
192-cubic-foot (5500-liter) cylinders, under 2000 pounds per
square inch (137 atmospheres) pressure. The batch process
used made it necessary to vent the residual hydrogen after
each run so that there was no danger of accumulating oxygen
if a trace of it should happen to be present in the hydrogen
as received.

About 20 grams of dry slaked lime per liter of furfural
were also added. F. N. Peters of the Quaker Oats Company
recommended the use of magnesia to reduce acidity (3), but
runs in the authors’ laboratory showed the superiority of
lime for that purpose. In the absence of a neutralizing
agent, the rate of hydrogenation is decreased and the product
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is dark in color, probably because of a partial polymeriza-
tion of the furfuryl aleohol.

Procepure. The stirrer is started, and a charge of 80
liters of refined furfural containing 40 grams per liter of
catalyst and 20 grams per liter of dry slaked lime, usually
preheated to 100° C., is charged into the autoclave. The
free space is flushed two or three times with hydrogen at 3
atmospheres, and the pressure is then raised to 100-120
atmospheres. Steam at 10 atmospheres is admitted into the
jacket, and, when the temperature of the charge reaches
140° to 150° C., hydrogen absorption begins as evidenced by a
drop in pressure. The steam is then shut off and the autoclave
is maintained close to the specified operating temperature by
regulating the hydrogen input and the cooling water. In2or
3 minutes the rate of reaction reaches a fairly constant
figure, which maintains itself until the hydrogen absorbed
corresponds to about 95 per cent of that calculated for the
reaction. The rate then drops sharply, and the absorption
stops, practically completed, with an accompanying drop in
temperature, when 100 to 103 per cent of the theoretical
hydrogen has been used.

The choice of a proper operating temperature is a matter
of importance in this process. As mentioned before, both
furfural and furfuryl alcohol are sensitive to heat, and time
is an important factor in determining the maximum allowable
temperature. Using a given amount of catalyst of a given
activity, it was found advantageous to raise the temperature
in order to decrease the time of reaction. Thus a better
product (lighter in color and lower in gum) is obtained if
hydrogenation is completed in 10 to 12 minutes at 180° to
190° C. than if it takes 30 to 40 minutes at 150° to 160° C.
Operating around 175°, the time elapsed between the first
drop in pressure and the temperature drop, which indicates
completion of the reaction, varies from 11 to 30 minutes,
depending on the purity of the furfural and on the agtth
of the catalyst, and averages usually around 18 to 22 minutes.
During the run the hydrogen pressure used is Jowered
from an initial pressure of 100 atmospheres to a final pressure
of 50 atmospheres at which the cylinders are returned to the
supplier for refilling. 5

After hydrogenation, the charge is cooled down to 100 C,
the hydrogen is vented off, and the furfuryl alcohol is dis-
charged into a storage tank equipped with a stirer anfi a
cooling coil. This alcohol is filtered as soon as convenient
through a closed-delivery filter press, using filter paper and
Sil-O-Cel filter aid. A small Nitralloy pump, manufactu{ed
by the Northern Pump Company, was found very effective
in handling this abrasive mixture. The filtered product 5
colored from light yellow to light brown and is practically
free from furfural, furoic acid, tetrahydrofurfuryl alcohol, and

gum. :

The plant described above (including two catalyst roasting
furnaces) was in operation for several months and fgnctlo? :
steadily without breakdowns, leaks, or major .dlfﬁcultxea,
turning out, whenever required, as many as eight to te?
batches (a total of 800 to 1000 kg.) of hydrogenated produe
per 7-hour day.
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Viscosity of Esters of Saturated Aliphatic
Acids

Relation to the Synthesis of Fine Lubricating Oils

Auvcustus H. GrL Anp Forest P. DEXTER, JR., Massachusetts Institute of Technology, Cambridge, Mass.

years for the oiling of the finest and most delicate

machinery—i. e., timepieces. Its lack of change in
air, low viscosity, and high lubricating power especially adapt
it for this purpose. It is, however, expensive, costing at
times $60.00 per gallon. A synthetic substitute is to be pre-
dicted. Gill and Tucker (2) found the oil to be composed of
about 60 per cent isovalerin, 6 per cent tripalmitin, 4 per cent
triolein, 3 per cent free isovaleric acid, and 27 per cent dodecyl
isovalerate.

The synthesis of the glycerides would not be easy and the
palmitin and the olein could well be omitted on account of the
instability of the latter. The artificial preparation of the oil
resolves itself practically into that of the liquid wax, dodecyl
valerate. In fact, it is believed that a satisfactory substitute
could be made solely with this latter compound, or one of an

PORPOISE jaw oil has been used for about a hundred
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equal molecular weight, and a saturated free fatty acid.
Dodecyl valerate, C;HyCOOOC:Has;, which makes up more
than a fourth of the oil, would seem to be necessary, but its
synthesis from dodecyl alcohol would be expensive since 1t 15
a chemical curiosity. The question arose as to whether this
valerate was actually necessary, or whether any similar ester
of the same number of earbon atoms, e. g., CsHuCOOQCsHU,
or any other arrangement of CjsHa could replace it. In
other words, is the viscosity of ACOOB practically the same
as the viscosity of BCOOA? If this is the case, a synthetic
substitute is nearer and less expensive.

The viscosities of the various esters from methyl acetate to
amyl valerate were determined at 25° C. by the Ostwald
viscometer, This was cleaned with chromic acid, washed
with alcohol and ether, and standardized from 0° to 45° C.
by water according to the procedure recommended by Bing-
ham (1), taking the viscosity in centipoises from the Inter-
national Critical Tables (3). The esters used were as pure as
could be obtained from the Eastman Company, or were care-
fully prepared in the laboratory from the normal alcohols and

acids. Their viscosities are shown in Table I, which values
agree with many of those in the International Critical Tables.
They are charted in the semi-logarithmic Figure 1.

TasLe I. Viscosrry or ESTERS

BoiLing N Viscosiry
ComPouND Point AT 25° C
2.0 Poises

1. Methyl acetate (C2) 57.5 0.003503
2. Ethyl acetate 77 0.004158
3. Propyl acetate 101-102 0.006389
4. Butyl acetate 125 0.006714
5, Amyl acetate 148 0.008528
6. Methyl propionate (Cs) 79 0.005082

7. Ethyl propionate 99 0.005045%
8. Propyl propionate 122.4 0.006104
9. Butyl propionate 144 0.007618
10. Amyl propionate 164 0.009355
11. Methyl butyrate (Ci) 102 0.005259
12. Ethyl butyrate 119.9 0.006127
13, Propyl butyrate 143 0.008319
14. Butyl butyrate 165 0.009766
15. Amyl butyrate 176 0.012558
16. Methyl valerate (Cs) 127.3 0.006227
17. Ethyl valerate 144.5 0.007623
18. Propyl valerate 167.5 0.008875
19, Butyl valerate 186-187 0.013479
20. Amyl valerate 204-207 0.018153
21. Methyl caproate (Ce) 150 0.008096
22. Ethyl caproate 166.6 0.000881
23. Propyl caproate 185.5 0.012864
24, Butyi caproate 204.3 0.017250
25. Amyl caproate 224 0.022707

4 Checked several times, probably impure.

Considering the different esters containing the same number
of carbon atoms, their viscosities are seen to be fairly close to
ench other; it appears safe to conclude that, in aliphatic esters
of normal carbon chain of high enough molecular weight to
be practical for a lubricant, there will be interchangeability
of compounds of the same molecular weight well within 0.05
centipoise. Also, in case thereis a difference, or in compounds
of lower molecular weight, the alcoholic methylene group
gives a greater viscosity than the acidic methylene group.

It would seem likely, when it is feasible to make synthetic
ester lubricants and when the molecular weight is the factor
to be considered, that, as far as viscosity is concerned, it
makes little difference what the groups concerned are;!
comparisons must be made, however, with groups of the same
constitution—that is, normal with normal esters, iso with iso-
esters, and hydrocarbons with hydrocarbons. Substances of
the same molecular weight do not necessarily have the same
viscosity.

The subject is being still further studied.
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Electrodeposition of Shellac

N. NARASIMHAMURTY AND M. SREENIVASAYA, Indian Institute of Science, Bangalore, India

lously toward solutions of

alkali carbonates. Elec-
trometric titrations carried out
by Gardner and Whitmore (1)
point to the conclusion that the
acid components of shellac cor-
respond in strength to weak or-
ganic acids such as benzoic,
laurie, glutaric, and cinnamic.
A clear aqueous solution of the
alkali soap of shellac has been
described by Gardner, Whitmore,
and Harris (2) which can be
made to pass completely through
a membrane found to retain gold
sol. The soap solution, there-
fore, does not possess true col-
loidal characteristics. Nagel
and Kornchen (5) have observed
that shellac can be easily esteri-
fied with methanol, and that an
alcoholie solution of shellac acts
upon metals such as copper,
zine, etc. On the other hand,
Wolff (10) noted that shellac
is insoluble in a solution of
sodium bicarbonate and does
not displace the theoretical
quantity of carbon dioxide when
it is dissolved in a solution
of sodium carbonate. This led
him to conclude that the main
function of sodium carbonate
was to peptize shellac.

: ;HELLAC behaves anoma-

A solution of shellac in alkali carbonale has the
properties of a lrue colloid, and the shellac mi-
celles which are formed carry a negalive charge
and migrate loward the anode under the influence
of a difference of polential. This suggested the
possibility of electrodeposilion of lac.

A current of 0.2 ampere at 6 volls will secure
the deposition of lac al the anode. Addition of
salts such as sodium chloride increases the rate
of deposilion bul brings aboul other changes
such as oxidalion and polymerizalion.

The acceleraled electrodeposit consisls of an
alcohol-soluble fraction, a large portion of which
is also soluble in elher. It approximales in
composition the ether-soluble portion of shellac.
The alcohol-insoluble portion, consisting of aboul
70 per cent of the deposil, represents a polymerized,
modificalion of the “‘pure resin.”

The electropolymer is similar in behavior to
the hydrochloric acid—polymerized lac but differs
from it as regards chemical composition. During
eleclrodeposition the resin ts partially oxidized
and saluraled as in bleaching, as shown by an
increase in the saponification value and a decrease
in the todine value. It would be of interest lo
study the nalure of polymerizalions brought
aboul by acceleralors such as urea, hexamethylene
letramine, elc.

this investigation involved a
study of the chemical composi-
tion of the deposit. A nickel
cathode was employed in all the
experiments.

A 10 per cent cut of Palas
(Butea frondosa) seed lac in 1
per cent sodium carbonate solu-
tion (free from wax) was
placed in a platinum basin which
served as the anode, and a rod
of nickel dipping into the solu-
tion acted as the cathode. Elec-
trodeposition was allowed to
proceed at 6 volts, a current
of 0.2 ampere (0.0052 ampere
per sq. ecm.) flowing in the initial
stages. As the deposit grew
thicker, the current decreased
to a value as low as 0.03 ampere
(0.0008 ampere per sq. cm.).
By progressively increasing the
voltage, the original strength
of the current could be main-
tained, but such high voltages
are not conducive to obtaining
either a uniform deposit of
resin or an increased yield of
deposit, because of the vigorous
gassing at the electrodes. By
mechanically scraping out the
deposit, however, the phenomena
could be continued.

With a given deposit, the
material nearest the electrode

Whatever be the nature of dilute solutions, there is little
doubt that concentrated cuts of shellac exhibit marked char-
acteristics of a true colloid. They show the properties of imbi-
bition, syneresis, and setting similar to those of a typical
hydrophilic colloid such as gelatin. The shellac solution
can, in fact, be employed as “office glue” with advantage.
Salts coagulate the alkaline solution of shellac, throwing out
a jelly-like spongy mass which, on squeezing, yields a solid.
This on treatment with distilled water can be repeptized,
yielding the original colloidal solution.

While attempting to electrodialyze alkaline solutions of
shellac, it was observed that shellac was deposited on the
parchment membrane nearest the anode. Shellac micelles,
therefore, carry a negative charge similar to that carried by
an aqueous suspension of shellac in the experiments of Picton
and Linder (7). This suggested the possibility of electro-
deposition of shellac from its alkaline solutions, and the pres-
ent communication deals with a study of the conditions of
deposition and the nature of the deposit.

EXPERIMENTAL PROCEDURE

Preliminary trials showed that nickel, copper, and lead
anodes were unsuitable since they were attacked; with an
aluminum anode, no deposition took place (possibly because
of the formation of a thin insulating oxide film as in the case
of the aluminum electrolytic rectifier). A platinum anode
has been used throughout as being the most suitable since

surface was white, porous, and crisp. The outer layer was
brownish. Successive deposits, after scraping off the previous
ones, became thinner, browner, and less crisp.

As the solution became weak, the deposition was slow and
the current value was reduced to 0.01 ampere. The residual
solution at this stage was treated with dilute sulfuric acid and
the resulting precipitate of lac recovered, washed free from
acid, and dried. The sample on analysis showed that Its
properties were very similar to those of the original lac. Depo-
sition of shellac on the abode was obtained from other
alkaline solutions such as ammonia, sodium silicate, ete.

INFLUENCE OF BLECTROLYTES oN DgposiTioN. For 2
study of the nature of the deposit, genuine kusum shellac and
“pure resin” (the ether-insoluble portion) were used.. In
both cases a thin, transparent, insulating film was obtained
which offered resistance to a further flow of the current
few minutes after the start of the experiment. By frequent
removal of the film, however, further deposition could bt’
secured, and a sufficient quantity of the substance was thus
obtained to establish its identity with the original resis.

In the case of shellac and “pure resin’ solutions, the resist-
ance offered to the flow of current was very high as compar
with seed lac solution, which is presumably associated with
electrolytes, including laccaic acid. The ash content 'Of e
lae, in fact, is higher than that of shellac. It was of interest
therefore to determine if additions of electrolytes to shellac
solutions would improve the deposition.
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Electrodeposition experiments were carried out with solu-
tions of shellac and “pure resin” in the presence of sodium
chloride. It was found that the rate of deposition far exceeds
that obtained with seed lac solutions, and continues for a
longer time. In the presence of high concentration of sodium
chloride, the size of the shellac micelle is found to increase,
giving a bluish opalescence. With still higher concentrations
actual precipitation of shellac takes place. Thus, it is prob-
able that the increased size of the ionic micelles is partly re-
sponsible for the increased rate of deposition in the presence
of salt. The more easily noticeable effect of the addition of
salt is the increase in conductivity of the shellac solution
and the porosity of the deposit which, unlike the tough insu-
lating deposit, helps in maintaining the current. Other
salts such as sodium sulfate, sodium nitrate, sodium acetate,
and ammonium sulfate were employed. Sodium chloride
was found to be the best from the point of view of the rate
of deposition. With sodium acetate, however, the deposit
was dark, slimy, and gelatinous. Shellac deposition in the
presence of electrolytes occurs with such great ease that a
simple voltaic couple of copper and zinc is sufficient; the
deposition takes place on the zinc surface.

PrysicAL AND CHEMICAL EXAMINATION OF THE DEPOSIT.
The deposits obtained from solutions of seed lac, shellac, and
“pure resin,” after washing with distilled water, were sub-
jected to electrodialysis to insure a more complete removal
of the electrolytic impurities. The material was then dried
i vacuo in a desiccator over sulfuric acid. Each sample
thus obtained can be mechanically separated into three por-
tions: (az) a brown mass melting between 74° and 78° C.;
(b) a whitish brown substance commencing to soften at 70° C.
but not melting even at 110° C.; and (c) a whitish mass
which is infusible and insoluble in all organic solvents, sodium
carbonate, and dilute alkali solutions.

The bulk of the anode deposit was extracted with absolute
alcohol, yielding a dark green solution; films from this solu-
tion have a greenish tinge and possess a greater resistance to
water. The acid value of the extract ranges from 99 to 119,
which is nearer that of the ether-soluble portion than that
of shellac. The alcohol-soluble portion of the anode deposit
has a higher percentage of the ether-soluble portion than
shellac. The alcohol-insoluble portion of the deposit, consti-
tuting about 70 per cent of the anode deposit, appears to be
identical with the infusible whitish mass described above.
Both these samples can be rendered soluble in alcohol by the
glacial acetic acid treatment.

TasLe I. ANALYSIS OF SAMPLES
HCl-
Pory- ELECTROPOLY-
MERIZED PURE  MERIZED LAC BLEACHED
SamrLe SHELLAC SHELLAC RESIN A B Lac ’
Iodine value 15.8 16.1 9.7 iy 6.8 8.0
Acid value 72.4 i S 50T wade ep s 94.0
Saponification value:
0.5 hr:- - 211.0 209.0 232.0 247.0 258.0 253.0
2.5 hr, 217.0 212.0 237.0 255.0 261.0 258.0

One of the main effects of the chlorine ion on the deposit
appears to be to polymerize or harden the “pure resin” frac-
tion of shellac during electrodeposition. The polymerization
is favored by the nascent chlorine liberated at the anode. It
was of interest to study the nature of this change with a view
of determining how far the phenomenon corresponded or dif-
fered from the polymerization brought about by heat, on
the one hand, and by hydrochloric acid on the other.

A comparative analytical study of the samples, with refer-
ence to their acid, saponification, and iodine values, was under-
taken and the results are given in Table I Iodine values
were determined by the Wijs method, the procedure being
the same as that described by Langmuir (4) except for the
fact that a small trace of hydrochloric acid was added to
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facilitate the solution of polymerized lac. Saponification
values were determined by a procedure described by Whit-
more and Weinberger (9). Acid values were determined
electrometrically with a quinhydrone electrode as described
by Narasimhamurty (6).

DiscussioN oF RESULTS

When shellac is heated at 150° C., the molten mass gradu-
ally turns viscous and in about 70 minutes is converted into
a rubber-like mass which soon hardens into a brittle, dark
brown resin. This change is accompanied by the release of
water and vapors of an acid character which render the mass
porous. This heat-hardened shellac is soluble in aleohol
only to the extent of 25 per cent, and the acid value of the
extracted fraction (113) corresponds to that (114) of the
ether-soluble portion of shellac. The insoluble residue is
only partially soluble in acetic acid, unlike that of electro-
polymerized or hydrochloric acid-polymerized shellac.

The polymerizations brought about through the agency of
heat differ from those brought about by hydrochloric acid.
Nagel and Kornchen (5) have shown that during heat poly-
merization water is split off. This is probably due to the
formation of lactides, the hydroxyl and carboxyl groups of
the aleuritic and shellolic acids participating in the reaction.
This involves a decrease or a disappearance of the hydroxyl
and carboxyl groups, rendering the product insoluble in polar
solvents such as ethyl aleohol. The hydrochloric acid poly-
merization is mainly a process of aggregation of molecules
into a more complex one, effecting a more or less complete
saturation of the residual valences. This aggregation,
characteristic of the shellac resin, is favored probably by the
presence of lactones, acid anhydrides, or hydroxyl groups (8).

Harries and Nagel (3) have observed that hydrochloric acid—
polymerized shellac or “pure resin” is more difficult to sa-
ponify than the corresponding untreated substances. Nagel
and Kornchen (5) extended their observation to shellac which
had become insoluble on aging, and found that it exhibits a
decreased rate of hydrolysis. Heat polymerization of shellac
or “pure resin,” however, does not alter its rate of saponifica-
tion. The above conclusions regarding hydrolyzability have
been drawn from the yields of potassium aleuritate obtained
by the hydrolysis of the samples with 5N caustic potash. It
was of interest to find out how the saponification value and
rate as determined by standard methods differ in the case of
electropolymerized and of hydrochloric acid-polymerized
samples of shellac. Table I shows that the rate of hydrolysis
of the polymerized samples is not very different from that of
the untreated control samples. The saponification value of
the hydrochloric acid polymer is practically the same as that
of the control. In the case of the electropolymer there is a
distinet increase in the saponification value as compared with
the value for the untreated “‘pure resin.”” This points to the
conclusion that electropolymerization is accompanied by an
oxidation of the resin, resulting in an increase of carboxyl
groups, the oxidation being brought about by the nascent
oxygen or chlorine evolved during the deposition. Such a
type of oxidation occurs during the bleaching of lac whose
saponification value should therefore be expected to be high.
Analysis confirms this suspicion. An independent confirma-
tion of the oxidation theory has been obtained by a deter-
mination of the iodine value of the samples. Table I shows
that, while there is a lowering of the iodine value both in the
case of the electropolymerized and bleached lae, the iodine
value of the hydrochlorie acid polymer is not altered.

The insoluble portion of the electrodeposited lac consists
entirely of the modified “pure resin’’ and has been found to
be rendered soluble by glacial acetic acid treatment. The
resulting product, while being soluble in ethyl aleohol, is
completely insoluble in ether. It is curious that both the



884

electropolymer and the well-washed hydrochloric acid poly-
mer of lac require for their solution in acetic acid a trace of
hydrochloric acid.

Electrodeposition of shellac has possibilities of wide applica-
tion. Experiments are in progress for obtaining insulating
coatings on metal surfaces by simultaneous electrodeposition
of rubber and shellac from a mixture of their alkaline solu-
tions. The possibility of recovering shellac from waste prod-
ucts will also be investigated.
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Through the courtesy of Percy C. Kingsbury we are enabled to

CHEMICAL LABORATORY
Paris, 1760

bring as No. 44 in the Berolzheimer series of Alchemical and
Historical Reproductions, an engraving from Diderot’s Encyclo-
pédie ou Dictionnaire Raisonné des Sciences.

This plate shows a chemical laboratory in Paris in 1760, with the

instruments, furnaces, vessels, and other laboratory utensils.
The key below the plate serves to identify the various objects
by the names they bore in 1766 when the dictionary was published.

Fig. 1. Poudrier. i imati
drier. 17. Vailleau pour la fublimation des Aeurs de Benjomn.
3 F\lrz:r:: 3 goulot renverfS, avec fon bouchon de 13, Appareil pour mefurer la quantité d'air qui s'échap-
! - P G pe des corps en fermentation.
3 At!ﬁg:llc’ g:g;g’rcr U'efprit de fouffre, felon lamé- 19, 19, 19, 20. Manteau de la cheminée.

4.Balon ou recipient,

§ 5 6. Cornues.

7. Cucurbites de rencontre.

8. Matrasavec fatéte de maure,
9, 10. Entonaoir.
11. Enfer de Boyle,
12, Jumeaux,
13. Pélican,
14. Alambic avee fa cucusbite.
15, Vaifleau 3 retirer les huiles cllenticlles pefantes, de

M. Venel

16. Matras de rencontre.

11. Soufflet de forge.

21, Bain-marie pour une cucurbite de verre.

2;. Serpentin double dans la cuvette.

24. Cucurbite d’un alambic de cuivre.

1. Son chapiteau.

26, Gargon de laboratoire , portant du charbon,

27, Athanor.,

28, Matras en digeftion dans 'athanor,

29. Tour de 'athanor.

3c. Plhyﬁci:n conférant avec un Chimifte fur la diffo-
ution.

31. Table du laboratoire.

32. Verres ot {e font des diffolutions métalliques.

33. Chimilfte.

34. Fourncau d'cffai.
35. Entonnoirs  filtrer des liqueurs.

36. Table percée pour receyoir plufieurs entonnoirs:
37. Récipient placé au-deflous d’un entonnoic.

38. Bocal placé au-deflous d'un entonnoir.

39 g’ag)ln bouché.

40. couvert de papier. 5

41. 42. Récipient zdal;lé 3 une cornue placéedans le
fourncau 41: ol

43. Fourncau i capfules. i

44 Chimiftc faifant des projections pour les clifus

45. Appareil des clitlus.

46, Forge. :

47. Baquet au-deffous d'une fontaine.

48. Gargon de laboratoire lavant les vaiffeaux.

49. Tonneau plein d'cau. :

£0. Autre gargon de laboratoire.



Mechanism of Gum Formation in Cracked

(Gasoline

Formation of Peroxide, Aldehyde, and Acid in Storage

C. G. DryER, C. D. Lowry, Jr., J. C. MoRRELL, AND GUSTAY EGLOFF

HE reactions which occur

I when cracked gasoline is

stored in contact with
air are complex. The first evi-
dence of change that has been
detected is the formation of per-
oxidic products. From a com-
mercial standpoint, at least, the
final step in deterioration is the
formation of gum. Besidesthese
two products, aldehydic and
acidic products have been re-
ported. No one has conclusively
shown what relationships exist
between the peroxides, alde-
hydes, and acids formed and
what part they play in the gum-
forming process.

Smith and Cook (9) obtained
evidence of aldehydes in aged
cracked gasolines, and considered
them primarily responsible
for the formation of gum.
Story, Provine, and Bennett (10)
detected peroxides, acids, and
aldehydes in gasoline which
was being evaporated in a copper
dish and in gasoline exposed
to sunlight. They came to the
conclusion that “the products
of the oxidation appear to be
principally peroxides, with

Universal Oil Products Company, Chicago, Ill.

Earlier work has shown thal peroxide, alde-
hyde, and acid can be detecled in cracked gasoline
as it deteriorales and forms gum. In this study
the rate of formalion of subslances of these four
classes has been followed in gasolines of several
origins. Some were unrefined, some refined,
and some conlained inhibitors. The deteriora-
tion has been studied during storage for a year.

Peroxide can be delected early in the storage
period when no aldehyde or acid and prac-
tically no gum is presenl. The rale of peroxide
formation accelerales with lime. Aldehyde be-
gins lo appear somewhal laler and increases
more gradually than peroxide. Acid formation
begins still laler, and acid concenfration in-
creases more slowly than that of either aldehyde
or peroxide. :

Gum begins lo appear in rather large amount as
soon as considerable perozide has formed and
before any large development of aldehyde or acid.
The curve of gum conlent vs. time is similar in
shape lo the perozide curve, and the conclusion
seems justifiable that gum formation is closely
related lo the concentration of peroxide, and that
aldehyde and acid are products of secondary
reaclions rather than infermediates in gum
formation.

also reported the odor of acro-
lein in gasoline oxidized under
pressure. They postulated re-
actions giving rise to peracids,
which they considered the essen-
tial catalysts in gum formation.
Yule and Wilson (12) questioned
this mechanism, pointing out
that a sample of gummy gasoline
which had been washed with
sodium carbonate and therefore
would not contain peracids, has
just as great an effect in acceler-
ating gum formation in freshly
cracked gasoline as if it had not
been washed.

Mardles and Moss (6) stated
that “the process of gumming
appears to be initiated by the
primary formation of organic
peroxides. . . .and the products
of oxidation other than per-
oxides—namely, aldehydes, ke-
tones, acids, ete.—were found to
have no accelerating effect on
the gum rate.”

Hoffert and Claxton (5) have
reported that aged benzols
containing unsaturated hydro-
carbons show the presence of
peroxides, aldehydes, and acids.

These earlier studies were

acids as the chief end product,
making up the gum.’”’ Yule
and Wilson (12) showed that the peroxide method which
Story, Provine, and Bennett used determined only a small
part of the total peroxides in the gasoline. Brooks (1)
stated that peroxides, aldehydes, alcohols, and ketones
“could easily be detected in samples of cracked gasoline
which have become slightly oxidized.” He reported the
identification of formaldehyde, acetaldehyde, propionalde-
hyde, and butyraldehyde in old gasoline. The aldehydes
formed, he believed, by the reaction of peroxides with olefins
(Prileshajew’s reaction, 7) and opposed the conclusion of
Smith and Cook that aldehydes are intermediate in gum for-
mation, as he found that addition of aldehydes to gasoline
being evaporated did not increase the amount of gum formed.
Brooks considered that gum was largely a mixture of per-
oxides, although the gum formed after a long period of
storage contained acidic substances. :
Wagner and Hyman (11) also reported aldehydes, acids,
and peroxides in old gasoline, and, while they confirmed the
finding of Brooks that addition of simple aliphatic aldehydes
to gasoline did not increase its tendency to form gum, they
found that crotonaldehyde did accelerate gumming. They

largely qualitative in nature.

In the present investigation,
the rates of formation of peroxide, aldehyde, acid, and gum
have been determined quantitatively in a considerable number
of samples of gasoline in storage. From these rates some
idea of the mechanism by which gasoline deteriorates and
gum forms may be obtained.

METHODS OF ANALYSIS

Peroxides were determined by the thiocyanate method of
Yule and Wilson (12). In considering the values reported, it
should be borne in mind that, if determined by a method us-
ing potassium iodide, the peroxide concentrations would
have been considerably higher. This was shown in the work
of Yule and Wilson, and has been confirmed in this laboratory.

“Aldehydes were determined by the amount of color imparted
to a special Schiff reagent. The usual Schiff reagent, a
water solution of rosaniline hydrochloride decolorized with
sulfur dioxide, emulsifies badly if shaken with gasoline.
Emulsification was avoided by adding alcohol to the reagent.
The concentration of sulfur dioxide was varied until the de-
sired sensitivity was obtained. The solution adopted had
the following composition:
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Rosaniline hydrochloride, 0.10 gram

Aldehyde-free ethyl alcohol (formula 30 containing 10%

- methanol), 200 cc. .
Sulfur dioxide, 1.5 grams j

Water to 500 cc.

The rosaniline is made up following Schibsted (8) in 2
per cent solution in aldehyde-free absolute alcohol, and the
solution is filtered after standing for a few days and kept
away from light to avoid decomposition. Sulfur dioxide is
added in a solution of accurately known concentration.
The completed reagent must stand about 12 hours to de-
colorize and is then usable for a number of weeks if sulfur
dioxide is not allowed to escape. The reagent should be
straw color; if it remains pink, slightly more sulfur dioxide
may be added.
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Ficure 1. FormaTioN oF DETERIORATION PRODUCTS IN
MipconTINENT UNREFINED CRACKED GASOLINE

While several of the lower aliphatic aldehydes have been
isolated from cracked gasoline, when a stored sample is being
studied it is not known just what aldehydes are present and in
what proportion they occur. For this reason the determina-
tion has been made arbitrarily by comparing the color given
to the Schiff reagent by gasoline to the color given by a
standard solution of butyraldehyde. The test is made as
follows: :

To 10 cc. of the Schiff reagent in a 125-cc. glass-stoppered
Erlenmeyer flask are added 10 ce. of gasoline or of a solution of a
known aldehyde in aldehyde-free straight-run gasoline. The
mixture is shaken for 2 minutes and allowed to stand quietly
for 8 minutes for development of maximum color (3). If the
aqueous lower layer is not clear, it is pipetted out and filtered
before testing. Comparisons of colors are made in Nessler
tubes, using 2- to 5-cc. samples, which must not be diluted or
allowed to stand more than one hour.

Comparisons were made of the colors produced by formalde-
hyde, acetaldehyde, propionaldehyde, butyraldehyde, heptalde-
hyde, crotonaldehyde, and benzaldehyde. Standard solutions
o{ these aldehydes were made up in aldehyde-free straight-run
gasoline.

Portions of each cf these solutions were shaken with the reagent
under the outlined conditions. All of the aldehydes gave what
appeared to be the same shade of color with the reagent. Color
intensities were compared by finding the amount of a solution
of potassium permanganate containing 0.1 gram per liter (which
to the eye has the same color as that produced in the aldehyde
test) needed to give the same depth of color in a Nessler tube as
given by the aldehydes with the special reagent. The following
table shows the volume of the Schiff:solution taken after 10 cec. of
the solution had been shaken with 10 ce. of an aldehyde solution of
the normality indicated, and the volume of permanganate solu-
tion needed to give the same color intensity:

ScHIFF  PERMANGANATE

ALDEHYDE NORMALITY . SoLN. OLN.

Ce Ceo .
Formaldehyde 0.001 ° 2 8.0
:\ceu_ﬂdeha'de 0.001 2 6.0
Propionaldehyde 0.001 2 9.0
Butyraldehyde 0.001 2 8.5
Heptaldehyde 0.0025 2 7.0
Crotonaldehyde 0.001 1 8.0
Benzaldehyde 0.01 2 5.5

The first four aliphatic aldehydes give nearly the same color
intensity, heptaldehyde somewhat less color, crotonaldehyde
more color, and benzaldehyde very little color.

Butyraldehyde gives about a mean value for the lower al-
dehydes. It was therefore adopted and the results are ex-
pressed in terms of aldehyde number as butyraldehyde.
Aldehyde number is defined as the number of gram molecular
weights of aldehyde in 1000 liters. This unit was selected to
correspond to the peroxide number, defined by Yule and
Wilson as the gram equivalents of active oxygen per 1000
liters. A gasoline sample giving the same color intensity
as 0.001 molar butyraldehyde has, therefore, an aldehyde
number of 1. The reagent gives a distinet coloration with
0.00005 M butyraldehyde. Even lower concentrations can
be detected if comparison is made between the sample in
question and a blank sample made up by shaking the reagent
with aldehyde-free straight-run gasoline. Tests can readily
be made up to a concentration of 0.002 M aldehyde. Gaso-
lines higher in aldehyde than this should be diluted with
aldehyde-free straight-run gasoline before testing. Com-
parison is most accurate when made between an unknown
gasoline and a standard butyraldehyde solution giving about
the same color intensity; between two samples of consider-
ably different aldehyde concentration, of which quite differ-
ent volumes must be compared, there is a slight difference in
shade owing to the residual color of the reagent.

Acip DETERMINATION

The following procedure was used in the determination of
acid in gasoline:

To 10 ce. of freshly boiled water in a 25-cc. glass-stoppered

raduate, a few drops of alcohol solution of bromothymol blue
%Or phenolphthalein) are added, and a drop of 0.01 N carbonate-
free sodium hydroxide, giving a bright blue color (two drops
may be added if necessary, but if more than this is needed the
water is not free from carbon dioxide). Gasoline (10 cc.) is
added and the graduate shaken. If acid is present, the blue color
changes to green or yellow. Sufficient alkali is then added to
bring back the blue color and cause it to remain during vigorous
shaking for one-half minute. Acid concentration is reported in
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Figure 2. ForMmATION OF DETERIORATION Propucts IN
: PennsyLvaniA REFiNeD CRACKED GASOLINE

this paper as acid number, which is here defined as gram ﬂw?‘s
of hydrogen ion per 1000 liters, in order to make the figures ov"
peroxides, aldehydes, and acids comparable. For this studs
such a unit is more useful than the conventional expreSSIQI}:_Oh
acid number in terms of milligram of alkali per unit volume, ¥ wl-
is used in fat and oil analysis. The method of titration 1S 9&“’118
tially that devised by Hall (4) for ether. It gives exact resllx)ut
when hydrochloric acid or acetic acid is added to gasoline e
does not give results in accord with the theory for high-molecu
weight acids, such as oleic.

STUDY OF STORED SAMPLES

The determinations of peroxide, aldehyde, acid, and 1%“:
were made each month on samples of five cracked gasoun
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which were stored for one year. The gasolines had been
produced from representative charging stocks. Some of
them had been refined, and some were untreated. A number
of the samples contained antioxidants, which were selected
to include compounds of varied degrees of effectiveness
(2). All of the samples were stored in gallon (3.8-liter) bottles
of brown glass, fitted with corks through which 0.25-mm.
capillary tubes passed, to allow access of air but to avoid
excessive loss of gasoline by evaporation. The storage room
had an average temperature of about 25° C. (77° F.) which
was the temperature of the atmosphere in summer and that
of warmed air in winter. The properties of the original gaso-
lines are given in Table I.

TaBLE I. PROPERTIES OF GASOLINES
MIDCONTINENT PENNSYLVANIA WesT TEXAS
nre- nre- e-
Refined? fined Refined ® fined formed ¢
Gp 0.7511 0.7715 0.7470 0.7208 0.7358
ravn_ly I.. 56.9 51.9 57.9 64.8 60.8
M. 100-cc
distn.: 2 D R OO o C o o KA (e ALY s A M g 30 o
Initial b. p. 41 106 37 99 43 110 36 96 30 88
% distilled over:
10 149 94 201 68 154 51 123 58 136
50 129 265 150 302 121249 106 222 119 247
90 201 393 192 378 195 383 176 349 192 360
End point 217 422 209 408 230 446 178 353 206 403

@ Treated with sulfuric acid.
b Treated with fuller’s earth in the vapor phase.
¢ Made by pyrolysis of straight-run gasoline.

The storage data on these gasolines, uninhibited, is given
in Table II. The formation of deterioration products is
shown graphically in Figure 1 for the Midcontinent unrefined
and in Figure 2 for the Pennsylvania refined gasoline.

These gasolines deteriorated at quite different rates.
The rates, in all but the Midcontinent gasoline, corresponded
to the initial induction periods of the gasoline. If the for-
mation of 10-mg. air-jet gum is taken as the limit of service-
ability of gasoline, the gasolines would be usable as follows:

INDUCTION
Prriop SToRAGE LIFE
GASOLINE

Minutes Months
Midcontinent refined 205 11
Pennsylvania refined 183 6
Pennsylvania unrefined 60 2
West Texas reformed 40 Less than 1
Midcontinent unrefined 245 4

The unrefined Midcontinent gasoline had a high copper-
dish-gum value of 95 mg. which appears significant as an
indication of low storage stability. All the others had very
low gum by this method.
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N InarBITED AND UNINHIBITED PENNSYLVANIA GASOLINE

The data on inhibited samples of the Pennsylvania
unrefined gasoline are shown in Table III. Comparison of
Tables II and III shows that an inhibitor appears to pro-
duce no great change in the character of the deterioration
process. Its effect is to slow down all the changes occurring.
Formation of peroxides, aldehydes, acid, and gum are all
retarded, and after a time, probably when the inhibitor is
used up, the formation of these products goes on as it would
have at the beginning had no inhibitor been present. The
extent to which the reactions are slowed down is shown in
Figure 3 in which, on the same scale, is shown the develop-
ment of peroxide, aldehyde, acid, and gum in the untreated
Pennsylvania gasoline, in the same gasoline protected by

TasLe II. STorRAGE oF CRACKED GASOLINES
AT START MONTHS IN STORAGE
GasoLINE orTesT 1 2 3 4 6 7 - 9 10 11 12

‘\Il[dc;mtment refined: 2

oo periad Sl 2 s 060 .01 L1.10% 10807 ile7 2007 1230 761 (128031101375 4.00

Aldebyde No.o % o 2 0 0 0 Trace 0.10 0.28 0.05 0,15 0.2 0.2

Acid No. 3 o SiRa 0 0 0 0 9 9 o 2 o 2

Gum, mg./100 cc. air jet 1 1 0 2 1 A J ¢ : - 4 > e
Mxldcdontment unrefined:

Perahio o min, 245 1 2.20 550 6.10 8.90 10.60 21.0  22.0 20.0 57.0 86.0 140.0 202.0

Foidang . 2 5 035 0.40 0.6 Lisu i 1 1.6 2088 5.7.5.1 1100

Acid No. £ =5 i 0 0 Trace  Trace 0.13 0 0.19 0.25 0.51 1.03

O /100 et ot 1 3 6 6 8 30 20 18 62 96 218 326 g
Pe]una-ylvama refined:

PN s L 1 05- 200 19l /2.58% B1011:4:00 ¢ 4i88¢ 127 . 36.5 [ 37.5 / 61,0 86.0

Aldehyde No.¢ i # 0% 7 030 087 04 .. 045 2.5 4.5 5.0 7.0 10.0

Acid No. 5 = = % 0 0 (pak e e 013 4.10.38  (P0.84 1 /55 311

Aad No e tnar < E ; A 3 8 8 14 11 168.0 198.0 32 3
Pelnrasylvamn unrefined:

Pasa perlodiriln, e 148 470 14.40 20.50 49.50 64.0 142 . 162 206  232,0 246.0 280.0

Al % f 15 1 5 14 20 28.6 20 25.0  25.0  33.0

Acd Mo i 2 : 025 0.45 1.04  2.46 4.27° 6.73 10.39 . 14.51 18101 « 20i47

Gum, mg./100 ce. air jet 1 0 7 86 292 210, o0 el b20 420 S5 2 £
W GI'sthexas reformed unrefined:

Pner:'::(ljin eriod, min. 48 1.69  5.50 9.70 6.00 5.40 6.40 10.9 18.0 17.5 14.0 12.3

AN - 22 % 1.25 1.00  0.80 0.80 3.5 2.1 1.26 14352

e s s 116 1.75  1.95 2.59 4.66  6.86  7.12 699

Gum. mg./100 ce. air jet 0 19 52 136 138 216 224 e 290 7 i< s

? As butyraldehyde.
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TaBLe III. STORAGE OF INHIBITED GASOLINES (PENNSYLVANIA UNREFINED)
AT START MoNTHS IN STORAGE ~
INHIBITOR oF Tesr 1 2 3 4 5 6 7 8 9 10 11 12
Pyrogallol 0.0016%:
Induction period, min. 265
Peroxide No. 0 0.08 0.14 0.15 0.17 0.19 0.42 0.20 0.35 0.21 0.21 0.26 0.26
Aldehyde No.® 2 55 {43 5 0 0.08 0.13 0 0.20 0.12 Trace Trace 0.14
Acid No. e i R o 0 0 0 0 0 0 0 0
Gum, mg./100 ce, air jet 1 0 SN 0 x s % 3 7 .
Hydroquinone 0.00138%:
Induction period, min. 80
Peroxide No. 0 0.14 0.36 0.34 0.69 2.50 6.8 34.0 72.0 122.0 163.0 174.0  176.0
Aldehyde No.* 5 B 1N Trace 0.31 1751 4.0 6.0 20.0 17.0 20.8 20.0
Acid No. 7% 5 i 0. 0.45 0.03 0.19 0.45 1.55 3.75 5.44 7.90
Gum, mg./100 cc. air jet 1 0 3 2 31 S 876 928 3 A o
Thiodiphenylamine 0.0025%:
Induction period, min. 150
Peroxide No. 0 1,68 2,70 2,40 .87 5.00 20.2 34.0 65. 114.0 158.0 178. 192.0
Aldehyde No.® e s s ki 0.31 0.40 2.5 5.0 6.4 9.0 14.1 22.2 25.0
Acid No. s 5 s e 0.13 0.45 1.13 0.26 0.64 1,94 4.53 7.38 10,23
Gum, mg./100 cc. air jet 0 1 2 10 116 52 e 392 508 34 o .o
Catechol 0.00138%: ¢
Induction eriocr, min. 130
Peroxide No. 0 0:32° 0.783%2.77.1:9.0 35.0 44.0 102 114.0  152.0
Aldehyde No.® o o e 1.5 4.2 7.5 12.0 16.0 33.0
Acid i i S s 0106 40:261010:65. U1981% 375 T 1
Gum, mg./100 ce, air jet 1 1 6 34 462 424 s 326 304
a-Naphthol 0.0018%:
Induction period, min. 170
Peroxide No. 0 0.18 0.30 0.30 0.39 0.59 0.68 0.88 1.1 3.1 9.10 58.5 222.0
Aldehyde No.? e £ e Trace 0.06 0.14 0 0 0.38 1.40 3.34 1
Acid No. i i Codie 0 0313 ‘0 0 0 0 0 0.19 177
Gum, mg./100 cc. air jet 1 1 2 8 3 5 5 16 76 416 .
2-Hydroxy-1,3-dimethylbenzene 0.00154%:
Induction period, min. 95
Peroxide No. 0 1.28° 2.70. 5.90  13.8 35.6 46.0 118.0 142.0
Aldehyde No.* S 2 G 6.0 8.4 10.0 11.0 15.0
Acid No. w i Gl Sae S 0i130 igi7T aols 2.33  4.66
Gum, mg./100 ce. air jet 1 1 2 18 74 608 256 bi 258

2 As butyraldehyde.

a moderately effective inhibitor, and in the same gasoline
protected by a sufficiently potent inhibitor to render it
stable throughout the period of the test. These tests are
representative of a large number which have been made.

As in the uninhibited gasolines, the induction periods have
been found to be an indication of the length of storage life,
except in the case of hydroquinone which protects stored
gasoline longer than would be expected from the induction
period. It was noted in an earlier paper (2) that the inhibi-
tive value of hydroquinone cannot be satisfactorily evaluated
by the accelerated oxidation test, and this has been attributed
to direct oxidation of the hydroquinone at the elevated tem-
perature of the bomb test.

Because of the similarity of the results on uninhibited
and inhibited gasolines, they may be discussed together.
Apparently whether an inhibitor is present or not, the re-
actions which occur are much the same. The effect of the
inhibitor is simply to retard the entire deterioration process.
The data confirm the often repeated statement that the for-
mation of peroxides is the first step in gasoline deterioration.
Peroxides were present in considerable amount in these
samples before there was any detectable formation of alde-
hyde and acid, or more than a few milligrams of gum. The
rate of peroxide formation increased slowly at first, but, after
about a 5 number was reached, it accelerated greatly. At
about this same point rapid gum formation began, although
there was slow gum formation from the beginning.

Aldehyde could usually be first detected when the peroxide
number was 0.5 to 1.0. The aldehyde concentration then
increased slowly, with a marked rise in the rate at about the
point where peroxide and gum formation show marked ac-
celeration. The rate of aldehyde formation did not at any
time, however, show the great increase that is manifested by
peroxide and gum. Acid was still slower to develop and did
not form in more than minute amount until peroxide, gum,
and aldehyde had all reached a considerable figure. The
rate of acid formation increased with time but, like the alde-
hyde, did not show the marked acceleration noted in the
curves for peroxide and gum.

The behavior of the West Texas gasoline differed somewhat
from that of the others. The peroxide number correspond-

ing to a given gum content was much lower than in the other
samples. Peroxide and aldehyde increased very slowly in
this gasoline and dropped off toward the end of the storage
period, while in all the other gasolines the concentrations in-
creased throughout the test.

From the curves, particularly for gum and peroxide, the con-
clusion appears justified that peroxides are primarily con-
cerned in gum formation. The peroxides are the only de-
terioration products found which are present in any consider-
able amount at the time gum formation begins. The sharp
acceleration in rate of formation of gum practically coincides
with the point of marked increase in the formation of per-
oxide. . This implies a relationship between the two, especially
as there is no corresponding acceleration in the formation of
aldehyde and acid: Aldehydes and acids probably have &
minor part, if any, in gum formation. Substances of both
of. these types are most likely secondary productsnforn}ed
from peroxides, as they appear late in the deterioration
process. The fact that the inhibitors check the formation
of all these products simultaneously is evidence that they
have a common origin. Were they formed independently,
it is unlikely that they would all be retarded together by &
single inhibitor.

These conclusions cannot be considered as fully proved
but are indicated by the data, and attempts will be made t0
substantiate them further.
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Combustion Rate of Carbon

Combustion at a Surface Overlaid with Stagnant Gas'

H. Davis? anp H. C. Horrer, Massachusetts Institute of Technology, Cambridge, Mass.

authors and C. M. Tu have

presented data for the rate
of combustion of 1-inch (2.5-cm.)
spheres of brush carbon in
oxygen-nitrogen mixtures.
These data were examined in
the light of a theory based on
the concept of a stagnant film
of gas about the carbon, through
which the oxygen must diffuse to
and the products of combustion
away from the carbon surface.
Although the experimental re-
sults obtained lay within the
limits imposed by the theory
presented, those limits were
broad, partly on account of the
necessity for depending on the
questionable Reynolds analogy
to obtain an estimate of the film

IN A PREVIOUS paper? the

Data have been obtained for the rale of combus-
tion of several lypes of carbon in cups of varying
depths, and compared with a previously pre-
senled quanlilalive formulation of combustion
rate under conditions in which diffusion conirols
the rate. The experimental results are found to
lie within the limits imposed by the theory. The
rate of combustion, for a given distance of dif-
fusion of oxygen to the carbon surface, decreases
with an increase in the degree of graphilizalion
of the carbon. This is inlerpreted as indicating
a decrease in the ratio of carbon monozide to
carbon diozide formed as primary products of
combustion al the carbon surface. Photographic
studies of the combustion of spheres indicale the
existence of a zone about the spheres in which
counterdiffusing oxygen and carbon monozide
burn.

A porcelain cup with cylindrical
side wall was suspended by a
platinum stirrup in the path of a
stream of air in a furnace, with
provision for weighing continu-
ously the cup and the carbon disk
lining the inside of its bottom.
An attempt was made to mini-
mize eddy currents by the use of
a porcelain cup integral with a
long thin plate in which the cu
was flush-mounted, but the dii-
ficulty of obtaining a satisfactorily
straight plate and good bond
between plate and cup caused a
return to the simpler system,
even though it was realized that
eddy currents at the mouth of
the cup would probably affect
the results. The furnace system
and weighing mechanism were, in
the main, similar to those de-
scribed in a previous paper.!
The cups used were of sillimanite,
1.15 cm. in internal diameter,
2 cm. deep, and 0.25 cm. thick,

thickness. It becomes highly
desirable, therefore, to devise a
type of experimentation in which the distance through which
diffusion must take place can be precisely controlled and in
which diffusion can be made positively the controlling factor.

ExPERIMENTAL METHOD

Ap experiment conforming to the above requirements is
one in which a disk of carbon is allowed to burn in the bottom
of a straight-sided cup under conditions permitting the con-

P e s
TELESCOPE

SPRINGT

C\)P’B

Ficure 1. Diacram or WEIGHING MECHANISM

centration of oxygen to be maintained uniform and constant
at the plane of the cup mouth, with no eddy currents in the
cup. These conditions might possibly be met by inserting a
small deep cup in the side of a large stream-lined body over
which the combustion medium is passed, with the mouth of
the cup flush with the surface of the body; but such an ar-
rangement would probably necessitate the determination of
carbon combustion rate by analysis of the gas because of the
difficulty in measuring a small change in weight of so massive
2 system,

In the present work a simpler procedure was adopted, dic-
tated in part by adaptability to the equipment used in study-
Wmnbustion of carbon spheres:

5 ! The first of this series of articles appeared in Inp. ENG. CuEex., 26,
749 (1934).
? Present, address, The Foster-Wheeler Corporation, Carteret, N. J.

~ bances produced a normal

with interiors ground with a fine

lapping compound to produce
smooth walls and a truly circular shape. The balance used in
the previous work was replaced by one of higher sensitivity,
from one arm of which the cup was suspended in the furnace by
a wire containing a spring to minimize the transmission of vibra-
tions from the cup to the balance (Figure 1). A 12-inch (30.5-
em.) helical copper Jolly spring, totally submerged in a dampen-
ing bath of straw oil, was attached to the other arm of the bal-
ance by a 0.0003-inch (0.00076-cm.) tungsten wire running below
the level of the oil. Provision of this fine wire was found neces-
sary to minimize the variation in surface tension exerted on a
larger wire as it moved up and down through the liquid surface.
The photographic weight-recording mechanism used in the pre-
ceding work was replaced by a telescope and illuminated scale,
the latter at 7 feet (2.1 meters) from the small mirror fastened on
the balance arm. Calibra-
tion of the unit was made
by direet addition of T
known weights to oneside e
of the system under full _\‘\,
load. Although distur- Ne_

I | l I

AJC CHARCOAL _ |

oscillation equivalent in s \:\

amplitude to 0.7 mg.,, a | B
permanent change in N N e
weight of 0.15 mg. could == \
be detected. 1z e

The carbon employed ‘e
was (a) brush carbon of b1 \ \ ascm, |
grade identical to that

used in the study of
spheres, and (b) wood
charcoal of a grade used in s
blow pipe analysis, cut :
with its burning face nor-
mal to the grain of the AN
wood. Thesewereturned . \qu.—
on the lathe into cylinders \,
fitting snugly into the
erucibles, and then cut 3

into disks of various thick- %

nesses. Each disk was sub-

nascM.
jected to one burning and i \\ 1 1
o

I

/i/;////“

N
\ N \‘

o
K(Li “EAOi.NG. ™,

BALANCGE

)

then discarded. Because L | vicuments ||
of the difference of expan- St aT
sion between the samples
and crucible a tight fit was

10

Ficure 2. TypicaL Ser or Tive-
WEeicaT Recorps
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a9 not possible at fur-
o8 |— o nace temperatures,

and a slight amount of
e \ burning occurred along

ad the sides of the disks;
_ RUNS 82-9 this was judged to be
S BReacarsoN 1 negligible. Since the
o [ \ : = charcoal at times
. showed a tendency to
burn somewhat prefer-
entially on selected
spots of the surface,
shorter burning times
were used to insure
minimum departure
from a plane surface.
Prior to a burning,
the crucible and con-
tents were brought toa
constant temperature, measured by an optical pyrometer sighted
on the crucible exterior, by heating in oxygen-free nitrogen. Air
was then admitted, and after a 2-minute flushing period readings
were taken at 30-second intervals. Burning times of 7 to 12
minutes were employed, depending on the rate of combustion.
The normal air velocity employed was 5.32 cm. per second at 0° C.
and 1 atmosphere pressure, after a study of this factor.
Thermocouples were located as in the preceding experimenta-
tion on spheres.! The temperature recorded as pertinent to the
experiment was an average of the average thermocouple read-
ings and an optical pyrometer reading, obtained by sighting on
the wall of the crucibie. The very low rates of combustion en-
countered guaranteed the maintenance of a temperature at the car-
bon surface differing little from that of the outside of the crucible.

\o\\;

oozl o]

| | LeM | |
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Ficure 3. Errecr or Cup DepTH
on Comsustion RATE

DiscussioN oF REsuLTs

Results of a typical set of runs are presented in Figure 2
for the combustion of charcoal in air at 1260° K. and an air
velocity of 5.32 cm.

per second. The

24 slopes of the lines,
22 multiplied by the cali-
5% /| bration factor on the
k / balance, represent the
r, o specific rates of com-
*k V4| bustion, K, corre-
p 7 sponding to the differ-
£ a ent depths of crucible.
o /. Values of K obtained
» // in this manner are
. I plotted against cru-
e cible depth L in Figure
4 3. Indication of how
; e e further to interpret

these results will be
given by a considera-
tion of the nature of
the relation presented
in the first paper of
this series.! It was
shown there that the specific rate of combustion, K, varies
with the distance, X, through which diffusion must take place,
in the following manner:

1 X C

10K e )

C and a being constant for fixed conditions of temperature
and oxygen pressure. The quantity « measures diffusion
tendency and is the rate of combustion when the film thick-
ness is unity and there is no chemical resistance. The term
C depends on chemical resistance. If the experimental
method of the present investigation established a sharp
zone of demarcation between the ambient medium and the
stagnant gas in the crucible, such as is described in the ideal
experiment, the term X in Equation 1 would be identical with
the depth, L, of the crucible, and a plot of 1/K vs. L would
give a straight line with slope equal to 1/, measuring dif-

Ficure 4. RELATION BETWEEN IN-
VERSE OF REActioN RATE AnD Cup
‘ DEepra

(Run with brush carbon at 1348° K.)
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fusional resistance, and an intercept on the L axis equal to
—(, measuring chemical resistance. However, the actual
experimental method introduces the certainty that no such
sharp zone exists. The surface at which the oxygen concen-
tration in the gas begins to depart from that in the ambient
medium may lie well outside the mouth of the crucible or may
extend down into it, depending on such factors as gas ve-
locity, crucible depth L, conditions upstream from the crucible,
and temperature as affecting viscosity. In addition, & zone
may exist near the mouth of the crucible in which oxygen is
transported by eddy currents rather than by diffusion. These
considerations indicate that the interpretation of Equation I,
as applied to the present experimentation, must be modified;
either that X may be pictured as replaceable by the term (L +
1), in which Zis the “effective’” end correction of such artificial
thickness as to obey the same transport law as L (the crucible
depth), or that the term C' may be pictured as including the
sum of two resistances, one chemical, the other semi- or
pseudodiffusional.  So long as experimental conditions are
such that this end correction or pseudodiffusional resistance
should remain constant, the slope of the curve of 1/K vs. L
should truly equal the term 1/a of Equation 1. It becomes
desirable, therefore, to investigate the conditions under
which. this end correction does remain constant. The effect
of L at a fixed low velocity and constant temperature was
first studied. From data such as are presented in Figure 3,
1/K was plotted against L to give results such as those of
Figure 4. The straightness of the line, even down to quife
small values of crucible depth L, indicates that at the low
gas velocity used, the end correction is substantially inde-
pendent of L over a wide range, and that the slope of t_he
line is therefore equal to the term, 1/, of Equation 1. Fig-
ure 5 presents similar results, for different velocities of the
air past the crucible. As before, the lines are straight over
the full range of variation of L, when the air velocity is low;
but at high velocities a curvature is found as L becomes small,
indicating that the end correction or amount of oxygen trans-
port by eddy currents begins to be affected by the depth of
the crucible as the

depth becomes small. T

| |
The curves are [~ o ss2owse. A
straight and parallel  z2of—7 53 . 7]
at large values of L. Lo
One may:thereforesiin |« 2. 28,5 4 ,L-
conclude that the °

slope of the curve of

211 &, )
e e i
1/K vs. Lis a measure
-4
+
v
s

N

of 1/« if the velocity /////

of the ambient me- '° s
dium is constant and =
if L is not too small,
that the restriction Ji¢
on variation in L is
minimized by the use
of low gas velocities,
that therefore the
optimum condition 1]
for the further experi- o — = e
mentation is the use = pFicure 5. Errecr oF Gas VE
of a low air velocity, rocrry ox REACTION RATE AT 1045
constant during any C. wrra Brusa CARBON

set of runs. Accord- ol
ingly, all subsequent runs were made at the constan.t‘velocxt)
of 5.32 em. per second measured at standard conditions.

It is impractical to present here the complete original dst‘?
on nearly four hundred runs. From each run a slope W&
obtained, measuring K. For a series of runs at & }'ixed tem:
perature and gas velocity, 1/K was plotted against L’;"‘?
in Figure 4, and a straight line was put through the data b}

—

| —
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the method of least squares. Similar plots were made at
other temperatures. From these straight lines, values of K
for four different fixed values of L were read and plotted
against temperature in Figures 6 and 7, for brush carbon and
wood charcoal, respectively. From lines put through these
data, 1/K was plotted against L for different temperatures, to

give a family of

et [oas straight lines. The
/‘-// slopes, 1/a, were

e . o oo measured and their
as s ,/ reciprocals, a, were
His ] | plotted against tem-
ao 1= s | pio0 perature in Figure 8.
e /_," ey The term « is given
::: L = In grams per square
il [ /j/;m cm. per second per
== L em) em. thickness (times

S HEEY 10%). Since it is a
0s3 ] measure of diffusion
tendency, expressed

002 TEMPERATURE TAEWV in terms of carbon
g § § & g 8 &8 consumption, . a
Ficune 6. Errecr or Tewpena-  Possible reason for its

having lower values
for brush carbon than
for wood charcoal is
that different amounts of oxygen arerequired to gasify the same
amount of carbon in the two forms, owing to a smaller propor-
tion of carbon monoxide to carbon dioxide formed at the brush-
carbon than at the wood-charcoal surface. The maximum
possible variation in « capable of explanation on these grounds
is twofold; the experimental values of a for brush carbon and
wood charcoal differ by a maximum factor of 1.7. However,
a was determined at 1280° K. for a third type of carbon,
graphite, and found to have a value of 0.64, which differs by
a factor of 2.3 from that for wood charcoal. Another pos-
sible explanation of part of the difference in the values of
a obtained for the different kinds of carbon lies in the possi-
bility that the amount of carbon surface exposed to combus-
tion was greater in the case of the wood charcoal, as evidenced
by the rounded edges found on the wood charcoal disks after
their removal from

the base of the por- o«

TURE ON REAction RATE oF Brusn
CarBoN AT VArious Cup DEpTHS

celain cup. Itis ‘o
not believed, how- L //
ever, that this ac- .. - =
c_t:iunts for any con- o] //
siderable difference  ** [Tox K —
In combustion rate 5 /// )// :
for the two kinds %9 | s
of carbon. o8 T

For comparison :s: =
;\}'lith experiment,  gos ./‘/

e term o may be 20
obtained ff‘rom" et [ TURE HELYIN
Equation 1 in con- ~ ° c.mwg giige T8
junction with Equa- g Sl e
tions 7. and 11 of  Ficure 7. Errecr or TEMPERA-

Ture on Reacrion Rate or Woop

the a i b
1thors’ preced CHARCOAL AT VArious Cup DEPTHS

ing paper:!

o o 12010 p,xD _ 12810%pe,xDeT" ! @)
kiz piRT o piR 273"

As mentioned before, n may be expected to vary between 1.6
and 1.9, and ® may lie between 1 and 2. Putting these limit-
ing values into Equation 2, one obtains the dashed or dotted
lines in Figure 8, establishing the absolute magnitude of a, for
all carbons, within a factor of about 3. On the same plot are
Presented the experimental curves of « for brush carbon and
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wood charcoal and a single point obtained from data at 1280°
K. on graphite. The experimental results are seen to lie
within the zone established by theory.

When the specific combustion rate, K, has been determined
in other investigations in which diffusion controls the com-
bustion rate, the value of a from the present investigation
may be used for determining effective film thickness. This
has been done with Tu’s data on carbon spheres! in the range
in which diffusion determines the combustion rate; and the
results have been compared to the film thicknesses predicted
by Reynolds’ analogy: -

= (2)(3)

where d = diameter of the sphere
¥ = drag coefficient for spheres
u = linear velocity of gas past the sphere
o, 1, ¢, k = density, viscosity, specific heat, and thermal

conductivity, respectively, of the gas

It has been pointed out! in effect that, where d/X is small and
diffusional resistance is controlling, the specific combustion
rate is given by the equation:

1 d/2

10K ©= (I + d2X)a @)

The comparison has been made for combustion data on
spheres at 1400° K. and at various velocities, using for a the
value 0.109 found in the work with cups deseribed in this
paper. The results are shown in Figure 9, both coordinates
of which are logarithmic. The effective film thickness de-
termined by combining the results of the present experimental
study with those of Tu is greater than the film thickness
calculated from the Reynolds analogy. This difference is in
the expected direction,
since Reynolds’
analogy has been found
to predict too low a
film thickness when
applied to flow past
wires.

Although the term C
of Equation 1 is not
capable of close in-
terpretation because it
includes both chemical
resistance and resist-
ance in the eddy layer
above the cup mouth,
the variation of C/a
with temperature, for both brush carbon and charcoal, is
presented as a matter of record in Figure 10. At any tem-
perature these are practically equal and decrease, at a de-
creasing rate, as the temperature increases.

oo 1200 1300 W00 1500 1600
TEMPLRATURE K.

Ficure 8. VARIATION OF « FOR
Brusa CarBon, CHARCOAL, AND
GRAPHITE WITH TEMPERATURE

PHOTOGRAPHIC STUDIES OF FLAME ZONE AROUND SPHERES

Preliminary to the experimental work described above, it
was thought desirable to repeat some of the experimental
work of Tu on spheres,! in order to gain some idea as to the
reproducibility of his results. Excellent checks on Tu’s data
were obtained; in the course of obtaining them, the presence
of a blue-green zone about the sphere and a spasmodic emis-
sion of sparks from the surface were noted. Consequently,
arrangements were made to photograph these phenomena.
The work done so far in this direction has been of a qualitative
nature.

Photographs were at first obtained with the camera in the
axis of the horizontal furnace tube, downstream from the
sphere of carbon, looking in through the discharge nozzle.
Subsequently the camera was placed above the furnace tube,
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A considerable portion of the total combustion obviously
occurs at other surfaces than that of the main sphere because
of frittering of the carbon at high combustion rates.

Visual observation of combustion under any conditions of
temperature and gas velocity used in Tu’s experimental work
indicated plainly the presence of a corona of the same blue
color that characterizes the combustion of carbon monoxide.
The photographs substantiate the conclusion that such a
corona is present. Furthermore, there is evidence on the
photographs (particularly Figure 114) that a narrow dark
zone exists between the carbon and the corona. The inter-
pretation offered is that the combustion of carbon with oxy-
gen at the carbon surface produces both carbon monoxide and
carbon dioxide, in relative quantities not investigated in the
present experiments; that in these experiments, in which dif-
fusion controls the combustion rate, the concentration of

oxygen adjacent to the carbon surface is very small; that
the combustion of carbon monoxide and oxygen to form car-
bon dioxide is so slow in the gas phase as to proceed almost
negligibly in the immediate vicinity of the carbon surface
where the oxygen concentration is low; that the carbon

2, Calculated from Reynolds

analogy shape. The sphere of car-

bon, for the latter photo-
graphs, was supported from below by a refractory pedestal
and nickel pin.  Various types of photographic film were tried,
Eastman Ortho-Press being found most satisfactory.

Visual observation had shown the presence of sparks around
the sphere to such an extent that some doubt was felt as to
whether the simple picture of diffusion through a stagnant
film to the surface of the sphere, outlined in the first paper .
of this series,! could fit the phenomena observed. The suc-

monoxide diffusing out finally reaches a zone in which oxygen
concentration is sufficiently high to permit combustion of
carbon monoxide to carbon dioxide to proceed at a rate which
is indicated qualitatively by the thickness of the corona ob-
served.

A B C
Figure 11. Frame ZONES AROUND SPHERES

A. One-inch (2.5-cm.) brush carbon sphere in air; gas flow, normal to photograph and towards observer; temperature, 1215° C.; gas velocity,
second at S. T. P.; exposure, !/ix second. ¢ orad
One-inch welding carbon sphere in air; gas flow, normal to photograph and towards observer; temperature, 1215° C.; gas velocity, 25.3 em, per 8
at 8. T. P.; exposure, !/150 second. ! P.: osure
C. Half-inch (1.27-cm.) brush carbon sphere in air; gas flow, left to right; temperature, 930° C.; gas velocity, 25.3 cm. per second at S.T. P.; exp
10 seconds through blue-green filters. 3 1.9 om. per
D. Hali-inch brush carbon sphere in oxygen; gas flow, normal to photograph and towards observer; temperature, 1155° C.; gas velocity, 11. 2
second at S. T. P.; exposure, !/100 second. itv 11.4 cm. per
One-inch brush carbon sphere in oxygen; gas flow, normal to photograph and towards observer; temperature, 1193° C.; gas velocity, 11.4 cm.
second at S. T. P.; exposure, /10 second..
dHalf—inch brush carbon sphere in oxygen; gas flow, left to right;
second.

25.3 cm. per

1
temperature, 930° C.; gas velocity, 20.5 cm. per second at S. T. P.; exposuré, /10

CONCLUSIONS

Experimentation of a type radically different f}“;:
that described in the first paper of this series substantia :
the relation presented there for determining the rate of com

cessive photographing of a burning specimen, with exposure
times of /10 to /25 second, showed, however, that the emis- 1.
sion of a spark, in the course of combustion in air, is a rela-
tively infrequent occurrence of very short duration, the visual
appearance of several simultaneous spark traces being an | oii e oo oo diffusion controls the reaction, if the
optical illusion due to persistence of vision. Out of nearly  jictance through which diffusion must take place is known.
one hundred photographs of combustion in air, there was no 2. Visual and photographic evidence are presen or
pc;lsitive evidence of t}};e presence of ahsir}xlgle s;l))ark trace. (1o ristance and combustionZof.catbon monoxide in the film
The average value of the total area at which combustion oc- : : :

curs differs almost negligibly, therefore, from that of the surpinciie S ibumingippicrs ofcbon
sphere itself. Figures 114, B, and C are typical photographs
of combustion in air. The corona around the spheres is
plainly visible.

The photographing of the spheres in a direction normal to
the direction of gas flow was undertaken to determine the de-
gree of uniformity of thickness of the corona. Figures 11C
and F show the corona to be considerably more intense on
the upstream side of the sphere. These photographs were
taken through a blue filter to suppress the red background
relative to the blue flame.

Figures 11D, E, and F show the effect of the much more
violent combustion attending the use of oxygen instead of air.

ivision of Gas a2d

REecervep November 12, 1933. Presented before the D X ot
Chemical Societys

Fuel Chemistry at the 86th Meeting of the American
Chicago, Ill., September 10 to 15, 1933,

St the
CorrecrioN. Through an inadvertence, the main title of

article by Brewer and Ryerson [INp. Exg. CHEM, 20, 7344:
(1934)] was wrongly given as ‘“Production of High-Hydrog®
Water Gas from Younger Coke Coals;” this shou!d have (‘; |
“Production of High-Hydrogen Water Gas from Youngﬂ”l I
Cokes.” The percentage of ash in electrode carbon, Table *
page 736, should read 0.761.



Distribution of Free and Combined Oil in
Chrome Leather Layers

Epwin R. Tuers Anp J. M. GrArAM, Lehigh University, Bethlehem, Pa.

In the fal-liquoring of chrome-tanned calfskin
two different types of oil are used. Many calfskin
lanners use fat liguors made up of sulfonated neat’s-
fool oil, raw neat’s-fool oil, soap, and egg yolk, others
use sulfonated cod otl mixzed with moellons and other
malerials. The curves given show the effect of vari-
ous miztures of sulfonated and raw neat’s-foot oil
upon the “free,” the ‘“combined,” and the lotal oil
absorbed by the chrome-tanned leather.

The figures indicate that with low percentages of
sulfonated oils in the fat liguors the oil prefers the
grain, but as the percenlage of sulfonaled oil in-
creases, the oil appears lo be absorbed more and more

raw oil miztures tend to give a greasy surface. The
work given here indicates that low percentages of
sulfonaled oil (neal’s-foot 10, and cod oil 20 per
cent) give the greatest lolal oil content, while larger
percentages of sulfonaled oil give the grealest com-
bined oil value and correspondingly low values of
free otl.  This fact should be of value in the making
of nondegreased palent leather, where a low free-oil
contenl and a high combined-oil conlenl are wanted.
This work shows that every mizture of a sulfonated
otl with another oil gives an enlirely different type
of fal-liguoring, if the distribution of free and com-
bined oil plays any role in the characteristics of the

by the flesh side.

into chrome-tanned leather. Wilson, Merrill, and
 Daub (3) studied the penetration of sulfonated neat’s-
foot oil and egg yolk mixtures, and showed that egg yolk
caused the oil to be taken up preferentially by the flesh

‘ [ ARIOUS workers have shown the penetration of oils

side. These workers also studied
the etfect of time, concen-
tration, and hydrogen-ion con-
centration upon the penetration of
the oil into the leather. In a re-
cent paper, Henry (1) discusses
factors affecting distribution of fat
in leather, but he used only cod oil
of three different sulfonations.
The work would have been more
valuable if various other oils had
been employed because cod oil is
highly unsaturated, while other oils
used in the fat-liquoring of leather
are more of the saturated type,
Henry points out that the degree
of sulfonation of cod oil plays a
role in the amount of combined oil
but not in the amount of total oil
taken up by the leather. He
shows that, as the degree of sulfona-
tl.OIl of the oil increases, the com-
bined oil also increases. His work
would have been more valuable if
the fat-liquored leather had been
allowed to “mellow” for at least 2
weeks before analysis. Theis and
Graham (2) have shown that, as
leather mellows, more oil actually
comb}nes either with the skin fiber
or with the chromium nucleus.

! This is the fourth of a series on “Fat-
Liquoring of Chrome Leather.”” Parts I
and II appeared in Inp. Ens. Cues., 23,
50(1931), and 24,799 (1932).  For the third
article, see literature citation 2.

¥ree Pat as Per Cent of Dry Fat-Liquored Leather

Ficure 1.
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This fact is borne out in practice—

finished leather.
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Using sulfonated cod oil, the combination is steadily taking
place over a 2-week interval.

EXPERIMENTAL PROCEDURE
Chrome-tanned steer hide was used for the fat-liquoring

experiments included here.
Samples weighing 100 grams (wet)
and approximately 2 X 6 inches
(5.1 X 15.2 em.) in size were fat-
liquored with 10 per cent oil
(based on the wet leather shaved
weight), using 600 per cent water
at 130° F. (54.4° C.) by shaking
for 1 hour. The fat-liquored
samples were carefully dried and
2 weeks later cut into 0.25-inch
(0.635-cm.) cubes; each cube was
sliced into three layers: (a) grain,
(b) middle section, and (c) flesh
section. The middle sections were
two to two and a half times the
thickness of the grain and flesh
sections.

The samples were dried over-
night at 60° C., weighed, and ex-
tracted for 4 hours with low-boil-
ing petroleum ether in order to
determine the free oil present.
The extracted samples were then
hydrolyzed for 6 to 8 hours in boil-
ing 20 per cent hydrochloric acid,
and, after cooling, the combined
unoxidized oil was extracted from
the acid solution with carbon tetra-
chloride. The remaining acid so-
lution was filtered and the com-
bined oxidized oil obtained by
washing the residue with hot 95
per cent aleohol.

The oils used were sulfonated
and raw cod mixtures and sul-
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Fat Liquors: Sulfonated Cod 01l
Raw Cod 01l
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Total Combined Fat as Per Cent of Dry Fat-Liguored Leathsr
2

100

fonated and raw neat’s-foot oil mixtures as follows (per
cent):

SULFONATED  RAw SULFONATED Raw
1L 1L 1L O1L

100 o 30 70

75 25 20 80

50 50 10 90

ExpeEriMENTS WiTH Cop O1L

In Table I and Figures 1 to 4, a maximum absorption of
free oil for a fat liquor mixture of 20 per cent sulfonated cod
and 80 per cent raw cod oil is noted. This maximum occurs
in the curves representing both the grain and middle layers,
and in the curve representing the oil content of the whole
leather (Figure 1). The oil absorbed by the flesh layer
reaches a maximum at 20 per cent sulfonated cod oil and more
or less maintains this maximum until 50 per cent sulfonated
oil is reached. In all the sections there is a decrease in free
fat as we approach more nearly the fat liquor containing 100
per cent sulfonated oil. Some of this decrease in free fat
with increase of the sulfonated oil fraction in the fat liquor
may be due to the fact that some of the absorbed sulfonated oil
was not extracted by the petroleum ether. Other workers
have pointed this out but the official American Leather
Chemists Association method calls for the use of petroleum
ether as the extractive. However, petroleum ether dissolves
considerable of the sulfonated fraction when the leather to be
extracted is dry; thus the trend of the curves is believed to
be correct. Chloroform, acetone, and alcohol dissolve other
compounds than free oil, as can be seen if the extractor flasks
are carefully examined. However, for practical purposes,
petroleum ether: serves an additional purpose in that it is
closely allied with naphtha and safety solvent used in the
commercial degreasing of leather. This solvent shows the
amount of oil extracted during degreasing.

Figure 2 gives the amount of oil remaining in the leather
after petroleum ether extraction and is called ‘“‘combined”
oil. Figure 2 shows that in the case of sulfonated-raw cod
oil mixtures the flesh layer retains much of the fat liquor, in
all cases more than any other section. The amount held in
the flesh section increases as the amount of sulfonated oil in-
creases in the fat liquor. This increase in combined oil is
very marked in the flesh layer when the original fat liquor

contains more than 50 per cent sulfonated cod oil. The grain °
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Ficure

layer shows little difference in combined oil until a value of
50 per cent sulfonated oil is reached. For values of sulfonated
oil better than 50 per cent, there is an increase in combined oil
but it is not nearly as marked as was the case for the flesh
layer. Further, the amount of combined oil (grain layer)
reaches almost an equilibrium at 75 per cent sulfonated cod

TasLe I. Cop O1wL 1N VARIOUS LAYERS oF DRy FAT-LIQUORED
LEATHER
SULFONATED
p O1L GRAIN CENTER FLESH TorAL
% .
FREE FAT A8 % OF DRY FAT-LIQUORED LEATHER
100 4.14 0.57 14.0 4.35
75 7.04 1.22 19.3 7.31
50 6.96 2.80 24.4 9.33
30 8.37 3.23 19.95 9.24
20 11,68 4.35 24.2 10.33
10 10.27 3.55 21.0 8.96
UNOXIDIZED COMBINED FAT AS % OF DRY FAT-LIQUORED LEATHER
100 2.04 0.20 4.60 1.59
75 1.69 0.20 2.00 0.99
50 0.93 0.15 0.95 0.52
30 0.74 0.05 0.28 0.26
20 0.66 0.05 0.39 0.26
10 0.31 0.03 0.15 0.12
TOTAL COMBINED FAT AS % OF DRY FAT-LIQUORED LEATHER
100 2.61 0.43 6.20 2.20
2.42 0.43 3.78 1.75
00 1.55 0.32 2,19 1.07
30 1.45 0,35 1.63 0.96
20 1.38 0.41 1.85 o.og
10 1.15 0.36 1.30 0.7
TOTAL FAT AS % OF DRY FAT-LIQUORED LEATHER
100 6.74 1.00 20.2 6. fg
75 9.57 1.65 23.1 9-40
50 8.50 3.05 26.5 10. 5
30 9.82 3.69 21.6 10.20
20 13.03 4.76 25.8 11'55
10 11.40 3.91 22.2 9.
TOTAL FAT IN EACH LAYER AS % OF TOTAL FAT
100 22,1 8.60 69.5
75 21.4 9.54 69.1
50 17.3 15.8 66.9
30 20.3 17.4 82.3
20 26.1 23.6 50.4
10 26.5 2253 51.2
FREE FATTY ACIDS IN FREE FAT AS % OF FREE FAT
100 29.1 27.8 38.8 .
75 27.1 26.1 27.3 ;
50 23.4 22.7 24.8 :
30 18.5 17.3 19.9 ¢
20 20.3 16.8 19.7 2
10 18.7 16.5 15.2 =
RELATIVE THICKNESS OF SECTIONS'AS % OF TOTAL DISTANCE THBO
LEATHER
100 21.4 56,1 22.5
75 20.5 52.4 271
50 21.1 52.6 26.2
=30 21.0 49.5 29.5
20 22.5 55.6 21.9
10 2215 55.2 22.3
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oil’and increases only slightly thereafter. It would appear
that the petroleum ether was extracting most of the free oil
within the leather. This figure shows that very little oil com-
bines with the middle section and is practically constant for
any concentration of sulfonated cod oil. Henry showed that
combination with the leather increased with increasing degree
of sulfenation for cod oil, and the present work shows this
same effect since the addition of raw to sulfonated cod oil
might be judged to lower the degree of sulfonation of the oil.
Figure 3 shows the total oil taken up by the leather; maximum
total absorption occurs using a fat liquor composed of 20
per cent sulfonated and 80 per cent raw cod oil. This ap-
pears to be the case for the flesh section, the grain section,
middle section, and for the entire skin. Figure 4 shows that,

Fat Liquors: Sulfonated Neat's-Foot 04l
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using 20 per cent sulfonated cod oil, the flesh had absorbed
(free and combined oil) some 50 per cent of the total oil ab-
sorbed, the grain some 26 per cent, and the middle 24 per cent.
As the percentage of sulfonated oil increased in the fat liquor,
the flesh absorbed increasing amounts of the oil, reaching a
value for 100 per cent sulfonated oil of 70 per cent of the
total oil absorbed by the skin. The grain layer showed a
decreased value for absorbed oil over this range and the middle
layer a distinct and marked decrease in oil content. This is
a practical observation, since it shows that, as the sulfonated
cod oil increases in a given fat liquor mixture, it causes a pref-
erential take-up of oil by the flesh side in preference to that
of the grain layer.

TasLe II. NEear's-Foor OiL i1N VARIOUS LAYERS OF DRrY FaT-
LI1QUORED LEATHER
SULFONATED
NEeat's-Foor
(073 GRAIN CENTER Fresx TorTAL
%
FREE FAT AS % OF DRY FAT-LIQUORED LEATHER
100 6.91 0.11 10,22 4.19
75 4.91 0.17 11.04 3.63
50 5.16 0.45 11.94 4.09
30 4.68 2.45 13.06 5.85
20 5.73 1.94 13.43 5.689
10 13.08 5.52 17.41 10.35
1.44 0.68 2.93 .15
Control 1.40 0.09 0.66 0.55
UNOXIDIZED COMBINED FAT AS % OF DRY FAT-LIQUORED LEATHER
100 3.46 0.00 4.36 5
75 0.94 0.00 2.99
50 0.64 0,00 2.80 =
20 2K i S
10 0.01 0.00 0.16
0 0.00 0.00 0.00
Control 0.80 0.15 0.20
100 3.46 0.00 4.46 1.90
75 0.98 0.00 2.99 0.84
50 0.74 0.00 2.89 0.78
30 0.11 0.08 1.15 0.34
20 Ve Eoa 37 Kae
10 0.04 0.03 0.21 0.09
0 0.00 0.05 0.00 0.00
Control 1.07 0.26 0.34 0.47
TOTAL FAT A8 % OF DRY FAT-LIQUORED LEATHER
100 10.37 0.11 14.68 6.09
75 5.890 0.17 14.03 4.47
50 5.90 0.45 14.83 4.87
30 4.79 2.51 14.21 5.99
20 XS i L e
10 13.12 5.55 17.62 10.44
0 1.31 0.77 2.93 1.12
Control 2.47 0.35 1.00 1.02
TOTAL FAT IN EACH LAYER AS % OF TOTAL FAT
100 43.0 3.2 53.8
75 32.0 4.7 63.3
50 27.5 7.1 65.4
30 20.5 21.8 57.7
20 B8 %4 S
10 33.4 26.1 40.5
0 34.3 32.3 33.5 2
FREE FATTY ACIDS IN FREE FAT AS % OF FREE FAT
100 26.0 24.3 29.7
75 26.3 20.2
50 22.1 21.9 24.8
30 19.8 22.0 21.6
20 20.0 17.2 19.4 ST
10 20.5 17.1 16.8
0 21.3 11.4 16.0
RELATIVE THICKNESS OF SECTIONS A8 9 OF TOTAL DISTANCE THROUGH
LEATHER
100 23.8 51.8 24.4
75 20.9 55.9 23.2
50 19.4 56.3 24.3
30 19.8 53.6 26.6
20 20.4 63.2 26.4
10 24.6 50.5 24.9
0 20.1 16.6 18.3

The fatty acids removed during the extraction of the so-
called “free’ oil showed values ranging from 15 to 31 per cent
of the total free oil extracted. These fatty acids increased as
the percentage of sulfonated oil increased in the fat liquor.

ExPERIMENTS WITH NEAT'8-Foor OI1L

Table IT and Figures 5, 6, and 7 show the data obtained for
fat-liquoring containing mixtures of raw and sulfonated neat’s-
foot oil. Figure 5 shows the free oil contained in the various
sections of the leather and indicates clearly that there is a
maximum value for free oil at a concentration of 10 per cent
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sulfonated and 90 per cent raw neat’s-foot oil. This'is evi-
denced by all sections. Beyond values of 10 per cent sulfo-
nated oil, the free oil in the sections decreases to minimum
values. As was the case for the cod oil mixtures, the flesh
section shows the greatest values for free oil. In this case
again it must be indicated that the decrease noted for free oil
with the large increase in sulfonated neat’s-foot oil used shows
that the petroleum ether extraction is at least removing
much of the sulfonated oil absorbed by the leather; otherwise
a more drastic decrease in free oil should have resulted
with large increases of sulfonated oil in the original fat liquor.
Certainly the sharp decrease in free oil between 10 and 20
per cent sulfonated oil is not due to insolubility of the sulfo-
nated fraction in petroleum ether, sinee beyond the value of
20 per cent sulfonated oil, drastic decreases in free oil do not
occur. This fact should be noted for all sections.

Figure 6 shows the combined oil in the various sections.
It is to be especially noted that in the case of the flesh section
there is a large increase in the combined oil between 0 and 50
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per cent sulfonated neat’s-foot oil, then an apparent equilib-
rium until 75 per cent sulfonated oil is reached, and finally
an increase to 100 per cent sulfonated oil. For the grain
section there is a gradual increase in combined oil up to 73
per cent sulfonated oil, then a sharp increase in the combined
oil content. As was the case for cod oil mixtures, little or no
oil is found in the middle section.

Figure 7 shows the total absorbed oil content of the various
sections; there is a maximum value at 10 per cent sulfonated
oil and 90 per cent raw oil. The trend of these curves for
the various sections is similar to those representing the free
oil content of the sections. As in the previous cases, the flesh
layer absorbs the greatest amount of total oil, while the middle
layer absorbs the least.
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Figure 8 shows the distribution of the oil in the sections It
terms of the total oil absorbed by the whole skin. As the
sulfonated oil is increased from 10 to 50 per cent, the flesh
appears to absorb the oil preferentially. Beyond 50 per cent
sulfonated oil, however, the flesh absorption becomes more
or less constant while that of the grain appears to increase.
With increasing amount of sulfonated neat’s-foot oil, the
middle section absorbs less and less oil.
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Potassium Sulfate from Syngenite by High-
Temperature Extraction with Water'

LoyAL CrARkE? AND EvERETT P. PARTRIDGE

Nonmetallic Minerals Experiment Station, U. S. Bureau of Mines, Rutgers University, New Brunswick, N. J.

INCE 1928 a series of in-
vestigations has been con-
ducted at this station to
develop processes for recover-
ing potassium salts and other
industrial chemicals from the
deposits . of polyhalite (K.SOy-
i\IgSO.;2CB.SO;2}I20) found in
the Permian basin of Texas
and New Mexico. During the
course of this work Storch and
Fragen (16) developed Bureau
of Mines processes 4 and 4B
for the production of syngenite
(K5504CaS04H,0) from poly-
halite, and process 4A for the re-
covery of potassium sulfate from
the syngenite so obtained.
Process 4A comprises a two-
stage extraction of syngenite
with water. In the top stage
the syngenite is decomposed by
a hot dilute potassium sulfate
liquor obtained in the bottom
stage, forming potassium pen-
tacalcium sulfate (K.SO,5Ca-
SO4H,0) which will subse-
quently be referred to as penta-
salt, and a liquor containing
9 to 10 grams of potassium
sulfate per 100 grams of water.
A potassium sulfate product
1s recovered from this top
liquor by evaporation, while the
solid pentasalt is decomposed
In the bottom stage by water

In studying the recovery of polassium sulfale
and other industrial chemicals from Texas—
New Mezxico polyhalite, this stalion has pre-
viously developed processes for converting the
polyhalile info syngenile, a double sulfale of
polasstum and calcium, and then eziracling
polasstum sulfale from this substance. The
exlract liqguor oblained by operalion al the
atmospheric boiling point conlained, however,
only about 10 parts of potassium sulfale per 100
parts of waler. An improved method for decom-
posing syngenile has now been worked out.
This comprises a two-slage extraction with
waler al approximalely 200° C. which yields a
top liquor 2.5 times as concentraled with respect
lo polassium sulfale as could be oblained pre-
viously. :

This paper describes the preliminary equilib-
rium measurements which indicaled the possi-
bilities of the process, as well as actual two-stage
extraction fests in a small gas-fired auloclave,
which yielded recoveries of 95 to 99 per cent
of the polassium sulfale in the syngenile. A
process oulline ts suggested which will produce a
concenlraled solution of magnesium sulfale, a
residue of solid calcium sulfale, and a lech-
nically pure polasstum sulfale, with a recovery
of 87 per cenl of the polassium sulfale initially
present in the polyhalile.

existence of syngenite and penta-
salt. It also seemed probable
that the rate of approach to
equilibrium at the higher tem-
peratures might be much more
rapid than at 100° C. This
paper presents some approximate
equilibrium measurements in the
range from 100° to 200° C.,
followed by the results of two-
stage extractions of syngenite
and the outline of an improved
process for the recovery of potas-
sium sulfate from polyhalite by
way of this double salt.

EQuILIBRIUM MEASUREMENTS
IN THE SYSTEM PoTAssioMm
SULFATE-CALCIUM SULFATE—

WaTER ABOVE 100° C.

The equilibrium measurements
were made in a steel autoclave 76
em. (30 inches) long and 10 em.
(4 inches) inside diameter, con-
structed from the design of Peters
and Stanger (14). This was sup-
ported horizontally in an electri-
cally heated furnace mounted on
a cradle rocked by an electricall
driven eccentric at 9 r. p. m. K
calibrated chromel-alumel couple,
placed in a horizontal thermometer
well, actuated a Leeds & Northrup
potentiometric recording and
controlling instrument. By inde-
pendent measurement of the elec-
tromotive force of the couple
with a Leeds & Northrup Type
K potentiometer, the regulation
. of the

at an ordinary temperature of approximately 25° C., pro-
ducing the dilute liquor used in the top stage and a residue
of gypsum (CaSO,-2H.0).

Storch and Fragen noted that the concentration of potassium
sulfate in their liquors from the extraction of syngenite
exceeded the accepted value at 100° C. (1, 12) for the equilib-
rlum between syngenite and pentasalt, which would be the
theoretical limiting value. Redeterminations of this equi-
librium (8, 11) showed that the average value given by Ander-
son and Nestell (1) was much too low, and that the equi-
librium concentration of potassium sulfate for these two solid
phases increased almost linearly and nearly doubled in value
over the range from 60° to 100° C. Equilibrium was at-
tained, however, only at an extremely slow rate.

This discovery indicated the possibility that increase in
temperature above 100° C. would increase still farther the
concentration of potassium sulfate corresponding to the co-

! This is the fifth article in a series on the Extraction of Potash from
Polyhalite. For Parts I, II, and IV, see literature citations 14, 15, and 10,
Tespectively; for Part III, Inp. Exo. CHEM., 25, 1002-9 (1933).

* Present address, Gates Chemical Laboratory, California Institute of
Technology, Pasadena, Calif.

during a typical experiment was found to be within 1°
mean temperature.

Most of the experiments were conducted by adding definite
amounts of gypsum, potassium sulfate, and water to the cold
autoclave, which was then brought to and maintained at the
desired temperature. Samples of solution and solids were
withdrawn from time to time for analysis. In order to approach
equilibrium from the opposite direction, in some experiments
the autoclave was first maintained at a temperature higher
than that desired for a time sufficient to insure a rise in the
potassium sulfate concentration above the value for the equilib-
rium to be studied.

Solid and liquid samples were obtained by use of a bronze
sampling device, the construction of which is shown in Figure 1.
The whole apparatus was heated in an electric oven to within
a few degrees of the autoclave temperature and then connected
to the sample line of the autoclave and evacuated through valve
A, with valve B open. Valve A was then closed and the valve
in the sample line was opened; 0.5 to 1.5 minutes were allowed
for the sample to pass through filter C, after which the valve in
the sample Bne and valye B were again closed. After the sam-
pling device was removed from the autoclave, the solid collected
on filter C was dried by suction. The chamber containing the
solution sample was disconnected and weighed, and the sample
removed for analysis.

Some uncertainty was introduced in several experiments by
leakage of steam through the packing glands of the valves during

897
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Ficure 1. DEevicE FOR OBTAINING SIMULTANEOUS SAMPLES OF SOLUTION

AND SoLiD PHASE FROM AUTOCLAVE

sampling, through the seat of valve B after sampling, or through
the various screwed joints or gaskets. With proper care it was

ossible, however, to obtain satisfactory results, as attested by a
Elank experiment in which only calcined gypsum and a sodium
chloride solution of known concentration were placed in the
autoclave. Chloride analyses for a series of samples were mu-
tually consistent and agreed with the known initial composition
of the solution,

TaBLE I. EQUILIBRIUM DETERMINATIONS IN SYSTEM POTASSIUM
SULFATE-CALCIUM SULFATE-WATER ABOVE 100° C.

SoLurion CoMPosITION
(S

Exrr. SAMPLE TemP. Time AT TEMP. K804 aS04
wi{ed Hours Grams/10 0 grams
SYNGENITE-PENTASALT

1 a 137.5 4 16.4 0.078
b 137.5 10 16.6 0.077
¢ 137.5 25 16.7 0.077
d 137.5 49 LT71% 0.078
2 a 140 24 19.6 0.069
b 140 121 19.7 0.071
c 140 196 18.6 0.069
3 a 135 2 16.4 0.073
b 135 52 16.8 0.070
¢ 135 145 17.5 0.0867
d 135 150 17.5 0.063
4 a 160 18 21.2 0.075
b 136.5 28 18.1 0.070
() 136.5 146 18.1 0.068

5 a 168 68 23.0 S
b 168 167 24.0 0.061
c 168 237 24.0 0.091
6 169 25 24.7 0.075
7 a 169 25 27.4 0.084
b 169 49 27.3 0.082
¢ 169 101 26.9% 0.084
8 a 200 27.5 32.8 0.101
b 200 52 32.0 0.103
9 200 45 32.7 0.109
10 ; 200 46.5 32.3 0.107

POTASSIUM SULFATE-SYNGENITE

11 a 151 21 29.4 0.040
b 151 28 29.5 0.040

12 a 200 19.5 33.7 ta o
b 200 25 33.6 0.098

POTASSIUM SULFATE
13 250 17 37.5 0
PENTASALT-ANHYDRITE
14 200 20 13.2

15 a 200 46 13.2 0.049
b 200 68 14.0¢ 0.053
c 200 92 13.6 0.052

9 Equilibrium approached from below, final sample probably below
equilibrium K80« concentration.

b Equilibrium approached from above, final sample probably above
equilibrium K:SOq concentration.

¢ Concentration may be high, owing to leakage observed during sampling.

Discussion or EquiLiBrium DAtA. Experiments 1 to 10
in Table I were attempts to realize the equilibrium between
syngenite and pentasalt at various temperatures from 135° to
200° C. At the lower end of this range, experiments 1 and 3
represent approaches from temperatures, and hence from
potassium sulfate concentrations, lower than the final state,
while 2 and 4 represent approaches from initially higher
temperatures and concentrations, as indicated specifically

Vol. 26, No. 8

in sample 4a. The position of the syn-
genite-pentasalt boundary in the range from
135° to 140° C. is fixed with good accuracy by
the final values of these experiments.

At the higher temperatures, experiments 5
to 10, inclusive, on the syngenite-pentasalt
equilibrium require additional supporting data
to establish their precise quantitative signifi-
cance, although they are of great qualita-
tive value since they indicate that the potas-
sium sulfate concentration continues to in-
crease with temperature up to at least 200° C,

and probably higher. The concentration at 200° C., corre-
sponding to the coexistence of syngenite, pentasalt, and
solution, must be at least 32 grams of potassium sulfate per
100 grams of water, more than 2.5 times the corresponding
value at 100° C.

The two determinations of experiments 11 and 12 help to
define the equilibrium between potassium sulfate and synge-
nite, which forms the upper boundary of the region in which
syngenite is stable. These are supplemented by a measure-
ment of the solubility of potassium sulfate at 250° C.

An approximation of the equilibrium between pentasalt
and anhydrite at 200° C. was attempted in experiments 13

and 14.

Apparently the solution corresponding to this

equilibrium must contain at least 13 grams of potassium sul-
fate per 100 grams of water.

No evidence of the formation of any double salt other than
syngenite or pentasalt was given by petrographic examina-
tions.  This agrees with the results of d’Ans and Schreiner
(8) who prepared double salts containing two moles of caleium
sulfate to one of rubidium, ammonium, or sodium sulfate
but were unable to produce potassium dicalcium sulfate
from solution, even at temperatures as high as 170° C.

The concentrations of potassium sulfate corresponding to
various equilibria at temperatures from 0° to 200° C. are

w
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TaBLeE II. RESULTS FROM SINGLE-STAGE AND Two-STAGE EXTRACTIONS OF SYNGENITE BELOW 200° C.
———— K:S04 CONCENTRATION K280y K804
—————— EXTRACT CONTENT Loss
EXTRACTION After flash OF DrY IN EXTN. oF
Exer STAGE TeMP. TiME evaporation In autoclave WASH Fiurer CAke HaxpLING K804
il Hours Grams/100 grams %% % %%
22 1 131 2 18:2 12.2 10.3 24.1 3.2 71
24 1 166 2 15.6 14.4 10.2 22.3 3.0 74
25 1 165 1 14.5 13.2 9.2 24.3 4.0 69
33 1 165 2 15.0 13.2 7.2 23.8 e 71
2 165 2 1.77 = 1.4 16.8 7:69 83
40 1 165 2 15.4 13.2 7.7 Se 53 69
2 165 4.2 1.67 a 1.0 18.6 6.7% 80
36 1 165 2 16.3 14.3 7.9 % o
2 196 4 4.3 e 1.8 0.76 3 99
38 1 165 2 14.3 13.5 8.3 e iz 60
2 196 1 4.0 23 1.4 2.03 6.92 98

@ Total for both stages.

shown in Figure 2, in which previously available data (1, 2, 3,
4, 6, 12, 18) are combined with those of Conley (8), Hill
(11), and the authors. Because of the low concentrations
of caleium sulfate involved, the potassium sulfate concentra-
tion for equilibrium between solid potassium sulfate and
syngenite is almost the same as the solubility of potassium
sulfate in water. The particularly precise values of the
latter given by Berkeley (5) for temperatures from 0° to
101° C. and the values of Tilden and Shenstone (17) and of
Etard (9) at higher temperatures are therefore included in
Figure 2.

The solid lines in Figure 2 represent stable equilibria, the
broken lines metastable or unstable equilibria. This diagram
has many interesting features, but a full discussion would
scarcely be relevant to the purpose of this paper. A glance
at the upward trend of both the syngenite-pentasalt and
pentasalt-anhydrite curves is sufficient to show that increase
in temperature increases the concentrations of potassium
sulfate theoretically attainable in each stage of the two-
stage decomposition of syngenite previously developed at
100° C. (16).

More complete equilibrium data would ordinarily have
been sought at the higher temperatures. Such measurements
would, however, have been of little value to the chemical
engineer in the present case because of the extremely slow
rate of approach to the final state. Attention therefore was
directed to the problem of developing a two-stage procedure
for the extraction of syngenite which would combine the
desirable features of high recovery and high concentration
of potassium sulfate in the top liquor with a short operating
cycle,

ExTrACTION TESTS

The extraction of potassium sulfate from syngenite and
from pentasalt was tested at several temperatures between
100° and 200° C. in the equipment illustrated in Figure 3.
The stirrer in the 1-gallon (3.8-liter) gas-fired autoclave
was driven at 100 r. p. m. by a hollow shaft which was
equipped with a valve and a flexible ball joint to allow the
contents of the autoclave to be discharged to a small three-
plate filter press. The autoclave was equipped with ther-
mometer well, pressure gage, and piped inlets for wash water
and compressed air. During the earlier experiments of
Table II, temperatures were measured by a mercury th'er-
mometer and controlled within =2° C. by manual regulation
of the gas flow. In the later experiments of Table III the
temperatures were measured by a calibrated chromel-
alumel couple and recorded and automatically controlled by'a

s & Northrup Micromax instrument operating a solenoid
valve in the gas-supply line.

At the start of each test the extracting solution ar_xd the
syngenite or pentasalt to be extracted were placed in the
clean autoclave. After the head was bolted on and the agi-
tator started, the temperature was brought up to (he de-
sired operating level as rapidly as possible and maintained at

this level for a definite time. The contents of the autoclaye
were then discharged directly to the filter press, except that,
when the temperature was above 170° C., the autoclave was
first cooled to approximately this temperature to reduce the
pressure to the safe limit of the press. As soon as filtration
was complete, wash water was forced into the hot autoclave.
After agitation for a few minutes, this was discharged by air
pressure to the filter press, the wash liquor being collected
separately from the original filtrate. This procedure effected
a nearly quantitative removal of material from the autoclave.

S e SR A e ~ e

Ficure 3. AurtocLAVE AND FiLTER PRESS FOR
Two-STAGE EXTRACTION OF SYNGENITE

INTERPRETATION OF EXTRACTION DATA. During each
extrdetion test, water was lost from the system both by
steam leakage through the packing gland of the autoclave
and by flashing of steam from the filtrate as it left the filter
press. The total loss of water, as estimated by material
balances, ranged from 7 to 17.5 per cent of the water charged,
with an average of 11.7 per cent for seventeen tests. While
the leakage through the packing gland probably varied from
test to test, the water lost in this manner generally must
have been small compared to that flashed off during filtration.
The flashing also caused some loss of potassium sulfate
in a fine spray of liquor blown outside of the filter trough.

The performance of the extractions was measured in terms
of both the concentration attained in the extract liquor and
the degree of extraction from the solid phase. A conservative
value for the concentration of potassium sulfate in the liquor
in the autoelave before discharging was calculated by using
the weight of potassium sulfate actually recovered in the
filtrate and wash and the weight of water initially added to
the autoclave. This value must be less than the actual
concentration, owing to loss of water by leakage, loss of
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TasLe III. Resuvnrs FROM Two-STAGE EXTRACTIONS OF SYNGENITE AT 201° C.
K280+ Coxncn. 1N ExTrACT K2S04 K:804 i
Exr~. After flash n CONTENT OF Loss IN ExtN. oF KiS04
Expr. StaGE TiME evaporation autoclave Dry CAKE HANDLING e 115
Hour Grams/100 grams H:0 % % % %
68 1 1 21.6 18.7 3 59 a5y
2 1 1&f 6.9 1.95 5.0 93 98.0
70 1 1 22.1 18.2 50 62 e
2 1 7.5 6.3 1.20 1.6 96 98.8
73 1 1 30.6 v i o 0
2 1 7.8 6.3 1.93 e 98.0
75 1 1 25.1 23.9 S 41 s
2 1 11.3 10.7 12.4 3.4 82 87.5¢
77 1 1 27.6 24.0 e 52 fi
2 1 10.2 9.8 0.80 1.5 97 99.0
80 1 0.5 27.8 25.6 3 61 it
2 0.5 8.4 8.1 0.86 2.8 95 99.2
82 1 0.5 29.6 27.0 b 62 e
2 0.5 9.1 8.4 1.98 1.0 97 98.1
84 1 0.5 25.7 23.7 i 49 e
2 0.5 8.8 8.2 8.82 5.7 83 90.04
87 1 0.5 26.2 25.4 o 56 5
2 0.5 10.2 9.9 4.15 3.4 92 95.9
93 1 0.5 21.1 18.8 = 52 i
2 0.5 8.1 7.2 3.08 2.6 91 95.8

¢ Basis, total K:SOq recovered in extract and wash solutions,
b Basis, KsSO4 contents of syn

enite entering process and dry filter cake leaving process.

¢ Poor extraction due to use oginsulﬁcient water and poor temperature control in first stage.

d Poor extraction due to use of syngenite containing 4.1 per cent MgSOs.

final products in handling, and incomplete displacement of
adhering liquor from the solid during washing.

The degree of extraction has been calculated both on the
basis of the recovery of potassium sulfate in the filtrate and
wash and on the basis of the patassium sulfate content of the «
initial syngenite and of the findl filter cake. The latter basis
is the more significant of the two since it is less affected by the
losses of material during handling,

Exrracrion Trests BELOw 200° C. The data obtained
from tests at temperatures below 200° C. are summarized
in Table II. The syngenite used was a finely crystalline,
nearly pure product made from New Mexico polyhalite. It
contained 52.4 per cent of potassium sulfate and only negli-
gible amounts of magnesium sulfate, sodium chloride, and
insoluble impurities. When this was treated for 2 hours at
165° C., concentrations in the autoclave of 13.2 to 14.4 grams
of potassium sulfate per 100 grams of water were obtained.
Reduction of the time to one hour at 165° C. yielded similar
results. A somewhat lower concentration of 12.2 grams of
potassium sulfate per 100 grams of water was obtained in a
2-hour extraction at 131° C.

Although the decomposition of syngenite at 165° C. gave
satisfactory results, attempted second-stage decompositions
of the pentasalt residue from the first stage were less success-
ful at this temperature, as indicated by experiments 33 and
40 in Table II. The concentration obtainable after 4 hours
was apparently below 2 grams of potassium sulfate per 100
grams of water. When the second stage was conducted at
196° C., however, the extraction was substantially complete
at the end of 4 hours in experiment 36, and almost as com-
plete after only 1 hour in experiment 38.

ExrtractioN TEsts AT 201° C. The improved results
from the second-stage extractions at 196° C., combined
with the trend of the syngenite-pentasalt boundary in Figure 1
toward higher concentrations with increasing temperature,
led to a series of two-stage extraction tests with a tem-
perature of approximately 201° C. in each stage, using
syngenite of the composition indicated in Table IV. The
successful attainment of high concentrations and high
recoveries is attested by the results shown in Table IIL.
Experiments 75 and 77 indicated that autoclave concentra-
tions of 24 and 10 grams of potassium sulfate per 100 grams
of water were possible after a treatment of 1 hour in the first
and second stage, respectively. The comparatively poor
extraction achieved in experiment 75 was due to the use of
too little water and to faulty temperature regulation during
the first stage. Experiment 73, run under the same condi-
tions as experiment 77, showed a high extraction by analysis

of the final filter cake. Unfortunately the first-stage extract
liquor was lost by breakage of a bottle. .

On cutting the time in each stage to 0.5 hour and increasing
slightly the ratio of syngenite to water, equally good ex-
tractions combined with slightly higher concentrations were
attained in experiments 80 and 82. At 201° C. the decompo-
sition of syngenite to form pentasalt obviously procqeds
very rapidly even at high concentrations of potassium
sulfate.

In an industrial extraction process the solid residue of
calcium sulfate leaving the second stage would probably
be washed with the water about to enter thisstage. Similarly,
the pentasalt residue on its way from the first to the second
stage would be washed with the less concentrated second-
stage extract about to enter the first stage. While complete
adherence to this plan would have been difficult in the
extraction experiments, an effort was made to control c_ondl-
tions so that the potassium sulfate used in the initial liquor
in the first stage would be equivalent to that obtained in
the second-stage extract and the two washes. This objective
was successfully approximated in several tests, and especgau)'
well in experiment 82, the material balance of which is given
in Table IV.

The size and appearance of the initial syngenite, of the
intermediate solid consisting essentially of pentasalt, and' of
the final residue of anhydrite are indicated in Figure 4, which
represents the solid materials of experiment 82.

Errecr oF MoISTURE IN SYNGENITE. The preceding tests
were based on dry syngenite entering the first stage. How-
ever, it would be desirable to send the wet syngenite pl.'oduct
obtained from polyhalite by a solution process (16) d1rept1§‘
to the high-temperature extraction, since this would Qlu}ll'
nate intermediate drying. The use of syngenite containing
23 per cent of free water on the wet basis® was simulated 1n
experiment 87 by using more water in the first stage than in
the second. As noted in Table III, autoclave concentrations
of 24.5 and 9.9 grams of potassium sulfate per 100 grams of
water were obtained in the first and second stages, respectively;
combined with a high recovery. While further work 1\:111 be
necessary to determine how low a moisture content 13 ob-
tainable in the filtration of syngenite and how high a moisture
content can be tolerated in the high-temperature extraction,
it seems possible that intermediate drying may be uf-
necessary.

3 Syngenite produced in small-scale industrial equipment at this station,
and filtered and washed continuously on a 1 X 1 foot rotary vacuum ﬁltebt,
contained approximately 40 per cent moisture on the wet basis. It is prod-
able that the moisture content could be reduced considerably by Proper
compacting of the washed cake by means of a roller.
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Residue from first stage
(pentasalt)
Ficure 4. PnoromicRoGRAPHIC COMPARISON OF Sorins AT DIFFEReNT Points DURING Two-STAGE EXTRACTION
oF SYNGENITE AT 200° C. (X 170)

ErrEcT oF IMPURITIES IN SYNGENITE. Syngenite pro-
duced from polyhalite will contain some anhydrite (CaSO0y),
together with perhaps 3 per cent of inert materials such as
magnesite, clay, and iron oxide. In addition, there will be
smgll amounts of sodium chloride and magnesium sulfate
deqved from retained mother liquor, as well as any mag-
nesium sulfate combined in particles of incompletely de-
composed polyhalite.

Although anhydrite is relatively inert in many process steps
for the treatment of polyhalite, in the first stage of the high-
temperature extraction it, as well as gypsum, is converted
almost quantitatively into pentasalt, thereby tending to
reduce the percentage extraction in the first stage and to
Increase the burden on the second stage. However, owing
to the‘fact that pentasalt contains only 1 part by weight of
potassium sulfate to 3.9 parts of calcium sulfate, this effect
of anhydrite has proved relatively unimportant in the
extraction of syngenite containing up to 5 per cent of an-
hydrite,

The effect of a large amount of excess calcium sulfate in the
Syngenite, either as anhydrite originally present in the
Polyha_lite or as gypsum resulting from the use of insufficient
Potassium sulfate in the syngenite-formation step, may be
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Residue from second stage
(anhydrite)

deduced from the results of experiment 93, in which a wet
syngenite-gypsum mixture containing 24.6 per cent of
potassium sulfate, 1 per cent of magnesium sulfate, and 36
per cent of free moisture on the wet basis was put through the
two-stage extraction at 201° C. In spite of the adverse
effect of the moisture content and of calcium sulfate present
in approximately 80 per cent excess over the amount corre-
sponding to pure syngenite, it was possible to obtain good
recovery combined with a concentration of 18.8 grams of
potassium sulfate per 100 grams of water in the autoclave
in the first stage. A higher concentration would probably
have been attainable if either the moisture content or the
excess of calcium sulfate had been lower.

The mineral impurities other than anhydrite are so inert
and are present in the syngenite in such small amounts that
they have no noticeable effect on the high-temperature
extraction. On the other hand, the magnesium sulfate
content of the syngenite must be limited to a low value to
prevent the formation of polyhalite in the first stage. The
material balance for experiment 82 in Table IV shows that
1.2 per cent of magnesium sulfate in the syngenite did not
cause any appreciable formation of polyhalite. When the
magnesium sulfate content was increased to 4.1 per cent in

TABLE IV. ANALYTICAL DATA AND MATERIAL BALANCE FOR Two-STAGE EXTRACTION OF SYNGENITE AT 201° C.
(Experiment 82)

CoMPOSITION MATERIAL BALANCE
MATERIAL K804 MgSOy NaCl H,0 Total RS04 MgSO0« NaCl H20
% % % % Grams Grams Grams Grams Grams
I FIRST STAGE
0 Syngenite 1.20 0.60 5.0 1000 485 12 6 50
Make-up soln. 48_.,5 9 o s 2130 230 0 0 1900
Wash water 500 0 0 0 500
Total in 2 A2 3 3630 715 12 6 2450
Out  Extract 29 4 0.24 2091 475 7ol 5.0 1604
Wash 1204 0:31 0.11 435 54 0.9 0.5 380
Filter cake i F s 756 3 e g 120
Total out 3282 e 2 S 2104
Loss 348 S e s 346
% Loss gt e o = £ 14.2
SECOND STAGE
In  Filter cake 756 27 AR i 120
-xtn, water 1900 0 0 0 1900
Wash water 500 0 0 0 500
3 Total in : & o 3156 32 e 2520
ut  Extract 5 02 1850 154 2.4 0.4 1693
Wash gt M 05 390 16.1 374
Filter cake 1.08e 628 8.6 193
Total out 2868 178.7 = S5 2260
Loss 288 R s s 260
% Loss H 0 A 3% o 5 10.3
In OVER-ALL BALANCE
715 12.0 6.0
%ut 708 10.4 5.9
Raccounted for 7 1.6 0.1

= : 5 S .. s s ¢
Dry basis (wet cake contained 44 per cent H:O on dry basis, or 31 per cent on wet basis).
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experiment 84, polyhalite was formed during the first-stage
extraction, as evidenced both by petrographic examination
of the solid phase and by the presence in the extract liquor
of but 0.49 gram of magnesium sulfate per 100 grams of
water, a concentration only slightly greater than the value
of 0.45 for experiment 82. Decomposition of some of this

| carerwEp | T e
II POLYHALITE | | _K2804 LIQUOR |
: L iea LML
i (11’2234 '2*-‘;; | k2804 281]
XES04 [Me304 24]
1(casoy 693 |¥acL 2]
{Anhydrite 163 Jcas0s 1
Ll 25 120 2162
JR203+8102 60
|
"—-—) Azitate 25%C.¢
wagh
i s Pilter < wagh
e e L 1
} SYNGENITE- | Xgs04 LIQUR |
GYPSUM
0 AT 13804 299
[cZas® | k2804 37
C880,(total) 855 |
ligas, 57 KaCl 33l
4
|caBoy 2|
inac1 2 JH20 o381
Ira05+ 81 60
[H20(oomb. 92 i
1820{free 11385 To polyhalite
|"7iz6 | washing step
oy ] 138l or by-produch
i —_ reoovery plant
Extraot 200%C, —
!
wash » Pilter wash |
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SYNCENITE %2508 568
K804 305 Iigsos 24
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IRp03+810p 80 CaS04 3l
IH20 (oomb. 31 J#20 2608l
1120 (free 417 i | T
7 Bvi
—— Extract 200°C. [ 1290) 20332?,3§°
= e T | 402 | _[_(_!__
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i
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K2504 20 I heh —f* 4|
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B0~ 2984 | e
Ficure 5. Frow Diagranm ror Process 5A

polyhalite in the second stage is indicated by the higher
concentration of magnesium sulfate in the second-stage
extraction, as shown in Table V; but, since in continuous
operation this extract would be returned to the first stage,
the system would simply tend to approach a steady state in
which a certain fraction of the magnesium sulfate entering
the first stage would be discharged as polyhalite with the
calcium sulfate residue from the second stage.

TABLE V. ErFrFECT OF MAGNESIUM SULFATE IN SYNGENITE
UPON EFFICIENCY OF EXTRACTION OF POTASSIUM SULFATE AT
201° C.

CompN. oF DRY

MgSOs1x  MgS0s Concenw. Frurer CAKE ExTN. OF
Expr. STAGE SYNGENITE Extract® Wash  MgS0O: K:80: K504
%  Grams/100 grams H:0 % Yo %
82 1 152 0.44 0.24
v 0.14 S 0.37b 1.98 98,1
84 1 4.1 0.49 0.70
2 0.67 0.74 4.17 8.82 90.0

2 After flash-evaporation.
5 Estimated on assumption that all MgSOu unaccounted for in material
balance of Table IV was present in filter cake.

The importance of a low magnesium sulfate content in the
syngenite is evident from the values for recovery of potassium
sulfate in Table V. With 1.2 per cent of magnesium sulfate
in the syngenite in experiment 82, only 2 per cent of the
potassium sulfate charged as syngenite was lost in the final
calcium sulfate residue. Increase in the magnesium sulfate
content of the syngenite to 4.1 per cent in experiment 84
resulted in the retention in the final residue of 10 per cent of
the potassium sulfate charged as syngenite. The magnesium
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sulfate content of the residue indicated that 7 per cent
corresponded to polyhalite formation. The remaining value
of 3 per cent is in good agreement with the corresponding
loss in experiment 82. (

It is estimated from the experimental results that synge-
nite intended for decomposition by water at approximately
200° C. should not contain more than 1.5 per cent of mag-
nesium sulfate. Since the concentration of sodium chloride
in the syngenite mother liquor is only a fraction of the
concentration of magnesium sulfate, limitation of the latter
will result in a low sodium chloride concentration in the
syngenite, and hence in the extract liquor and the potassium
sulfate recovered from it.

Process OUTLINES

The high-temperature decomposition of syngenite, which
will be referred to as Bureau of Mines process 4C, may be
substituted for the low-temperature process 4A (16) in the
recovery of potassium sulfate from syngenite produced by
processes 4 or 4B. By suitable modification of the quan-
tities involved, it may also be substituted for the low-tem-
perature decomposition in process 7A (10). In addition,
the high concentration of potassium sulfate attainable by
operation at 200° C. makes possible a new and probably
more advantageous procedure designated as process 5A,
which is outlined in Figure 5 subsequent to the preliminary
steps of crushing, washing to remove sodium chloride,
grinding, and calcination.

Process 5A combines two fundamental operations. The
first is the conversion of polyhalite into a mixture of synge-
nite and gypsum; the second is the high-temperature two-
stage extraction of this syngenite-gypsum mixture to pro-
duce a concentrated potassium sulfate liquor. By evaporat-
ing a comparatively small amount of water from this liquor
and cooling, a crop of potassium sulfate is obtained, the mother
liquor being recirculated for use in forming the syngenite-
gypsum mixture.

The material balance for process 5A in Figure 5 is based
upon the following considerations:

1. An allowance of 26 per cent of excess calcium sulfate over
the amount equivalent to the potassium sulfate in the washed
and calcined polyhalite.

2. A concentration of 32 grams of magnesium sulfate and 4
grams of potassium sulfate per 100 grams of water in the mother
liquor from the syngenite-gypsum mixture.

3. A syngenite-gypsum mixture containing 62 g)er cent of
calcium sulfate in excess over the amount corresponding to pure
syngenite.

4. Moisture contents on the wet basis of 40 per cent of water
in the syngenite-gypsum cake and 25 per cent in the pentasalt-
syngenite and in the calcium sulfate residue cakes.

5. Reduction of the magnesium sulfate content of the synge-
nite-gypsum cake to 1.4 per cent, dry basis, by washing wit
potassium sulfate liquor recycled to the formation step.

6. Drying of the syngenite-gypsum cake before extraction.

7. Extraction of 55 per cent of the potassium sulfate from the
syngenite-gypsum in tge first stage, and an over-all extraction
of 97 per cent.

8. No removal of water between the first and second stages
of extraction.

9. A concentration of 25 grams of potassium sulfate per 100
grams of water in the liquor from the first stage of the extraction.

10. A concentration of 13 grams of potassium sulfate per 100
grams of water, corresponding to saturation at 30° C., in the
mother liquor reeycled from the centrifugals to the formation of
the syngenite-gypsum mixture. :

11. A moisture content of 10 per cent of water, wet basis,
in the potassium sulfate leaving the centrifugals.

Many modifications of the flow diagram are possible.
The polyhalite may contain less excess calcium sulfate than
indicated; moisture contents differing from those assumed
may necessitate minor revision of the material balance;
instead of drying the syngenite-gypsum mixture, an extract
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liquor of lower concentration may be obtained, as in experi-
ment 93, the extra water being removed in the evaporation
rather than the drying step; more water may be used in the
second stage of the extraction, if the second-stage extract
liquor obtained at 200° C. is allowed to flash to atmospheric
pressure before introduction in the first stage; and more or
less potassium sulfate may be recirculated to the syngenite
formation step by varying the temperature at which the final
crop of potassium sulfate is separated. The flow diagram of
Figure 5 is presented simply as one of the most probable
outlines indicated by the extraction tests in this paper,
together with previously published data on the formation
of a syngenite-gypsum mixture (16).

The over-all recovery of potassium sulfate calculated
from the flow diagram of Figure 5 is 87 per cent. A total of
4.2 tons of water must be removed by evaporation and drying
per ton of potassium sulfate produced, but it should be noted
that of this quantity approximately 1 ton would be removed
by single-stage self-evaporation of the extract liquor from
200° C. to the atmospheric boiling point. Process 5A should,
therefore, compare favorably with processes previously de-
seribed (10, 18, 15, 16, 19) in spite of the increased cost of
equipment and difficulties introduced by operation at a
pressure of approximately 200 pounds per square inch (14
kg. per sq. cm.).

Patents relating to the decomposition of syngenite and
pentasalt by water or aqueous solutions at temperatures
above 200° C. were granted to the Chemische Fabrik Buckau
(?) during the course of the work described in this paper.
The process outlined in Figure 5, however, appears to be
novel and therefore has been made the subject of a patent
application by the authors.
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Indium Glass

Wirriam S. MurrAy, 805 Watson Place, Utica, N. Y.

table of elements. Reich and Richter are accredited with

having discovered it in 1863, and because of the indigo
blue lines in its spectrum, it was named “indium.” Its isola-
tion was made probably early in its history, but its commercial
development was left until a few years ago. It was one of the
elements that was supposed to be widely distributed in several
kinds of ores, but always in minute quantities. While small
amounts had previously been produced as residues, the author
believes that he and his associates were the first to consider
seriously its production from the ore.

:[NDIUM is listed as number 49 in Mendeléeff’s periodic

PROPERTIES OF INDIUM

The properties of this element are fairly well known. It is
a white lustrous metal, very soft and ductile, and lighter than
silver; it melts at 155° C. and is said to boil at about 1450° C.
It has great surface stability at ordinary temperatures, but
oxidizes and burns at temperatures above its melting point,
especially if finely divided.

There are two known oxides of indium—the monoxide and
the sesquioxide. The monoxide (InO) is black and probably
not as stable as the other oxide since but two of the three
valences of indium are satisfied. With further oxidation the

The addition of indium sesquiozide lo a glass
mizture conlaining sulfur colors the glass yellow
in proportion lo the amount of indium sesqui-
oxide used. This color appears lo be developed
by the interaction of indium sesquioxide as the
glass is being made, because the adding of the
indium sulfide (InyS;) lo the glass-forming miz-
ture does not produce the same resull. The color
is progressive, from light canary to dark langerine-
orange.

monoxide becomes the sesquioxide. Indium sesquioxide
(In»0;) is very stable and volatilizes without decomposition at
850° C. Tt has a specific gravity of 7.179 and a beautiful
yellow color. Its solubility in fused alkali salts makes pos-
sible the new use in glass.

Indium, when heated high enough in the presence of oxy-
gen, will produce the sesquioxide easily. Another method of
producing indium sesquioxide is as follows: The indium metal
may be dissolved in a suitable acid such as hydrochloric and
then precipitated by an alkali such as ammonium hydroxide.
The indium hydroxide is filtered away from the solution, and,
after drying, the hydroxide is burned to the yellow sesqui-
oxide.
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YeLLow Grass

The production of yellow glass has depended, at least to
some degree, on compounds of uranium, cerium, and tita-
nium. The uranium hydrate has a greater coloring power
than any of the usual compounds. Cerium and titanium have
been used together in rather substantial amounts but the
color is lighter than is desired. Uranium gives a canary
yellow color.

So far as has been determined, indium sesquioxide gives a
more intense yellow color than any of the other oxides used.
One-half pound imparts a beautiful yellow to 1000 pounds of
glass-forming materials. This amount is about one-seventh
that of the metallic oxides previously used for coloring glass
vellow.

A laboratory sample of the glass may be made from the
following proportions (parts by weight): silicon dioxide, 100;
sodium carbonate, 5; sodium sulfate, 37.50; calcium car-
bonate, 35.80; indium sesquioxide, 0.09. The mixture is
melted together into a complete solution and the result is a
beautiful yellow glass. This combination may be the basis
for the crystal-clear yellow glass which is desirable.

The intensity of color of indium glass depends upon the
amount of indium sesquioxide introduced, ranging from very
light yellow to dark yellow-amber.

Indium metal in a finely divided condition may be used
instead of the indium sesquioxide. When tried with the
above formula, a yellow glass is obtained, but great care must
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be exercised in preparing it. Instead of starting with the
sesquioxide, it is probable that indium hydroxide may be used.
This would make it unnecessary to burn the hydroxide be-
forehand. :

The above mixture was fused together without any indium
compound; the resulting glass was not yellow but a very
light green. When indium sesquioxide was added the yellow
color developed. There is some question as to why this
happened. There is a rather high amount of sodium sul-
fate present in the mixture which would undoubtedly pro-
duce a yellow color if reducing agents were present. It is diffi-
cult to explain how indium sesquioxide could act as a reducing
agent. However, the fact remains that the yellow glass is
produced, and that the depth of color depends on the amount
of indium sesquioxide present.

While the price of indium compounds is relatively high,
there is present in the above mixture only about 0.05 per cent
of indium sesquioxide, or about one-seventh of the amount of
any other metallic compound necessary for the purpose.
The price of indium compounds has been greatly reduced
during 1934 and should be reduced farther as production in-
creases. There is a large supply of ore available which con-
tains consistent amounts of indium. It is therefore expected
that indium and its compounds will soon find a definite and
useful place in commerce.

Recervep May 4, 1934. Presented before the Division of Industrial and
Engineering Chemistry at the 87th Meeting of the American Chemical
Society, St. Petersburg, Fla., March 25 to 30, 1934.

Tests for the Accuracy of Vapor-Liquid
Equilibrium Data

Harowp A. BEaTTy AND GEORGE CALINGAERT, Ethyl Gasoline Corporation, Detroit, Mich.

nication (1) it was shown

that, when a binary system
of volatile substances is ideal
or nearly so, this fact can be
demonstrated by a simple and
accurate experimental method.
It was also shown that in
such cases the vapor-liquid
equilibrium diagram can be cal-
culated with great accuracy, the
precision obtained depending only on the magnitude of
the deviation from ideality. This method gives results which
are more accurate than those which have been obtained
heretofore experimentally, particularly in the case of sub-
stances of nearly equal volatilities.

In the case of systems which exhibit a significant deviation
from ideality, it is no longer possible to proceed in this manner,
and it becomes necessary to determine equilibrium data ex-
perimentally. Consequently it is important to have means
of checking the reliability of the data so obtained. Though
these data may be located within the presumed experi-
mental error on a smooth curve, nevertheless this alone is not a
sufficient test of their accuracy, since an unsuspected error
may be present which affects all of the results more or less
equally. This point is illustrated by the discordant data
found in the literature—e. g., for water-acetic acid (7), alcohol-
water (15), carbon disulfide-carbon tetrachloride (18), ete.

IN A PREVIOUS commu-

curve from the other.

The accuracy of vapor-liquid equilibrium dala
for binary systems which deviate from the ideal
solulion laws can be appraised by means of
certain easily applied criteria derived from the
Duhem-Margules equalion, and can rigidly be
lested by a method based on this equation which -
depends on the calculation of one partial pressure

It has long been recognized
that the Duhem-Margules equa-
tion is a powerful tool for the
investigation of partial pres-
sures and, hence, equilibrium

data in binary systems. This
equation may be written:
dlnp1=_1—x )
dIn p, z
where z and 1—z = mole fractions of components 1 and 2,

respectively, 1 being the more volatile component; 1, P2 =
corresponding partial pressures at a given fixed temperature.

With the substitution of fugacities for pressures, the relation
becomes thermodynamically exact; however, at tempera-
tures near the normal boiling points, pressures may, in general,
be used without significant error (9).

This equation, integrated as a power series with three or
more arbitrary constants, usually in the form

logp’(;—;z) =A+Bz+Cx*+Ds*+ ...
has been used by Zawidski (20), Rosanoff and Easley (18),
and others to construct calculated partial-pressure curves for
comparison with experimental data. This method-of appllc‘:f-
tion of the equation, if carefully performed, yields satis-

Y|
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factory results, but is
somewhat cumbersome
and laborious. In like
manner, Rosanoff,
% Bacon, and Schulze
(17) have used the em-
pirical equation:
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¢ e where = = the total
-Ficure 1. TypicaL PARTIAL-PRES- 2 pressure of
sure CURVES the system

Py, P; = the vapor
pressures of the pure components at the temperature in question

This, of course, requires-an equation of 7 in terms of z, which
is obtained empirically from the data, using arbitrary con-
stants. The partial pressures have also been obtained from
the m curve by Marshall (14), using a trial-and-error graphical
method founded on the Duhem-Margules equation and the
relation: 7 = p; + p..  Finally, Lewis and Murphree (13),
using a simplifying assumption regarding the nature of the
z-y curve, have performed a stepwise integration of a special
form of the Duhem-Margules equation, in which the vapor
composition, ¥, and the total pressure, , are used as variables
instead of the two partial pressures.

The present paper will attempt to show that a good pre-
liminary indication of the reliability of partial-pressure data
can be gained directly by inspection, using a few simple
corollaries of the Duhem-Margules equation. This critical
inspection alone is sufficient to reveal the inaccuracy of some
of the published results. For those data which pass this

test, and when greater
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accuracy is desired,
the conformity to the
Duhem-Margules equa-
tion can rigorously be
tested by employing a
method developed by
Lewis and Randall.
This method, which is
based on a conversion
of the partial pressures

into activity -coeffi-
cients, followed by
graphical integration,
appears to be more accurate and expeditious than those
described above.

Figure 2. TyeicarL Activiry-Co-
EFFICIENT CURVES

PRELIMINARY INSPECTION OF PARTIAL-PRESSURE
CURVES

When the data have been obtained at constant tempera-
ture, the partial pressure may be plotted directly as a func-
tion of z, and the resulting curves tested for conformity to the
rules outlined below. :

As previously shown (1), if one partial-pressure curve is a
straightline, the otherisalso. Conversely, if 7isa straightline,
both partial-pressure curves are also; i. e., the system is ideal.

For nonideal systems we may advantageously use the
Duhem-Margules equation in the form

dpi/dz _ dpy/d (1 — z)
n/z /(1 — )

which brings out the comparison of the slope of the partial-
Pressure line at one point with the slope of the straight

@)
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line through that point and through the origin of the curve.
For the sake of convenience this line will arbitrarily be called
the “base line” of the point, and the ratio of the slope of the
curve at that point (e. g., dp:/dx) to the slope of the base line
(e. g., pi/z) will be called the ‘“slope ratio,” since it is under-
stood that these slopes are measured with respect to the
origin of the curve in question, and hence are always positive.
Figure 1 shows examples of these slopes for a typical pair of
partial-pressure curves.

From the above equation, the slope ratios of the two curves
at the same value of z must be equal. By placing a straight
edge through any point on a curve and the origin of that
curve, it can readily be seen whether the slope ratio is greater
than 1, equal to 1, orless than 1 (rule A). If the slope ratios of
the two curves for the same value of z differ from unity in
opposite directions, this is sufficient indication that the data
are inaccurate. If the curves pass this test, but appear ab-
normal in some re-
spect, then actual
measurement of slopes
can be made, and the
slope ratios can be
compared quantita-
tively (rule B). While
the use of measured
slopes is generally oz N
avoided on account of ols 1 L 1
the dxﬁ"lculty of ob- 2 Qﬁ‘SOLE nggTION .(;75 L
taining accurate fig-
ures, the direct com-
parison of two slopes
through the same point is easier to perform, especially if the
several portions of the curve which are to be tested are plotted
onsuch different scales that the actual slopes to be measured
are not too far from 45°. An examination of the two curves
in Figure 1 by this method, for example at s, will readily show
that they are not compatible with one another, although they
pass the preliminary-test since the slope ratios are less than 1
for both curves from s to .

When the slope ratio equals 1, dp;/dx = pi/z and dp./d-
(1 — 2) = p/(1 — =z). That is, if, at a given value of z,
the tangent to one partial-pressure curve passes through the
origin of that curve, then the tangent to the other curve at the
same value of z also passes through its origin (rule C). The
existence of such a point can be determined readily by rotating
a straight edge around the origin and observing whether in
any position this straight edge becomes tangent to the curve.
Such a point may be defined as a point of inflection of the
curve in regard to the base line. The statement of this
rule then becomes: ‘“Whenever one curve has a point of
inflection in regard to its base line, the other curve does like-
wise at the same value of z.”” [This was sensed by Ostwald
(16) who, however, mistook the condition for that of a true
analytical inflection [(d*p/dx*) = 0]. Marshall (14) pointed
out Ostwald’s mistake, but did not go so far as to show what
the correct condition was.]

In nonideal solutions this condition occurs only seldom, but
the following extension of the rule is of considerable impor-
tance: If one partial-pressure curve is, in part, a straight line
which, extended, passes through its origin, then the other is
likewise over the same range (rule D).! This condition, in
which the partial pressure is proportional to the mole fraction,
is seldom, if ever, found in the middle of a curve without
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Ficure 3. MEetHANOL-BENZENE

! A glight misstatement of this rule appears in Lewis and Randall's
“Thermodynamics” (9), where, following Equation XVIII, it is stated that
“if one of the curves is a straight line through a certain range of composi-
tion, the other is also a straight line through the same range.!” It can
readily be shown by geometrical application of the Duhem-Margules equa-
tion that, if the one straight line, when extended, does not pass through
the origin of the curve, then the other line must be curved over that range.
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extending to either end. = When it extends to the lower end,
we say that the curve follows Henry’s law over that range,
and in consequence the other constituent must follow Raoult’s

law over the same

- INDUSTRIAL AND ENGINEERING CHEMISTRY

range (for example,

from z = 0 to za in
Z 200l Tigurel). Sincemost
g B binary solutions
5 = follow these laws
» i 3 S
2 100 e Wltl.lou.t significant
g 219 deviation over an
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e DRy appreciable range of
7 S——— " <
o ] i B concentration, this re-
0 Q25 050 075

lation may be of con-
siderable value, par-
ticularly in determin-
ing the partial pres-
sure of one component which is present in very small amount.
In the limiting case, both components follow Raoult’s law
throughout, and the system is ideal (rule E).

As stated, the foregoing rules apply only to isothermal
data, but a large percentage of the published data has been
obtained under constant pressure and is therefore not iso-
thermal. However, the partial pressures of the two com-
ponents increase with temperature in a manner similar to
the increase in pressure of the pure constituents, or in other
words p/P remains substantially constant, over moderate
temperature ranges. This has been pointed out by Rosanoft
and Easley (18) and can be confirmed by inspection of data
in the literature—for example, for the system acetone-
chloroform (2, 20). FYor greater convenience the figures
obtained in this manner from isothermal (as well as from
isobaric) data are used in the form pi/Pyz and p,/Ps(1 — z).
In the nomenclature of Lewis and Randall (10) these expres-
sions become a;/z and a»/(1 — z), respectively, in which a

isthe activity, provided
N
X
L

MOLE FRACTION, X

Figure 4. MEeETHANOL-WATER

we take as the standard
state for edch compo-
nent, respectively, this
component in the pure
Font liquid state at the tem-
eX perature in question.
The deviation of these
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n-HEpTANE-METHYL-

£ “activity coefficients”

from unity thus gives a
measure of the depar-
ture of the system from
ideality. Ifthe boiling

point curve is known,
the corresponding
values of Py and P, can be determined or obtained from the
literature. The observed partial pressures can then be con-
verted into activity coefficients and plotted as a function of
z, as, for example, in Figure 2.

The Duhem-Margules equation now becomes:

1

Q2
T

dlog% o ol zdlog, 1 3)
from which it may be seen that the following rules must be
satisfied by the data.

Starting at z = 0, the activity coefficient a;/z = h,, where
hy is the Henry’s law constant, up to a point ., through the
range over which Henry’s law holds (rule F). Since Raoult’s
law applies to the other component over the same range,
a/(1 —x) = 1,fromz = 0toz = 7. Conversely, at the
other end of the diagram, a;/z = 1, and @/(1 — z) = hs,
from z = @ to # = 1. This is illustrated by Figure 2. In
the limiting case of an ideal system, both coefficients equal
unity throughout (rule G).
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Whenever the partial-pressure curve has a base-line point
of inflection, the corresponding activity-coefficient curve
shows a maximum or a minimum at the same value of z
(rule H). In general, at any given value of z the slopes of the
two activity-coefficient curves (or of their logarithms) must
be of the same sign with reference to their respective origins,
and are related to each other as required by the above equa-
tion (rule I).

INTEGRATION OF THE DUHEM-MARGULES EQUATION
Using Acrtivity COEFFICIENTS

Data which have successfully passed the foregoing tests
may then be examined for internal consistency, with any
desired degree of precision, by a graphical integration of the
Duhem-Margules equation. It is evident that direct graphi-
cal integration of Equations 1 or 2 is not practical, because
log p; (or log p2) approaches — « as z approaches 0 (or 1).
This difficulty is avoided by using the form of Equation 3
suggested by Lewis and Randall (11). Using as the standard
state for each component this component in the pure state,

Equation 3 gives:
T =z’
l—=z az
— f . = d log =

Sy i z a
log 1—_29:, = — e zdlog;‘
z=0

where the limiting values of z’ = 0 and 1, respectively

ay I
IOg z’ ooyt

and

Thus, in each case, by taking one of the activity-coefficient
curves as established, we can proceed therefrom to calculate
the other curve by graphical integration of the proper one of
the above equations.

The recommended procedure to follow is to select that one
of the two experimental curves which appears to be the better
defined, particularly at its termini, and from it to calculate
the other curve. With the limits selected as above, it will
be seen that the construction of the calculated curve begins at
its origin, where the logarithm of the activity coefficient is
zero. As the construction approaches the other terminus of
this curve, it is usually found that the system begins to
follow Raoult’s law at some more or less definite point before
the end of the cal-
culation is reached.
At that point the
logarithm of the first
curve becomes zero,
and there is no fur-
ther change in the
value of the integral.
This final value
of the integral is
therefore the Henry’s
law constant for the
dilute solution, and
the accuracy with
which it is deter-
mined depends on the precision with which the first curve
may be drawn, particularly at its terminus where the loga-
rithm becomes zero. In the event that this terminus cannot
be located with sufficient accuracy, the best that can be done
is to extend the calculated curve just so far as the exper-
mental data warrant, leaving its final value (the Henry’s 1aw
constant) undetermined. The curve thus calculated is then
compared with its corresponding experimental curve, and
the magnitude and sign of the deviations between these tW0
are noted. Based on these deviations, the initially Sele?ted
experimental curve is arbitrarily redrawn in slightly qulﬁed
form, the modifications being kept, if possible, within the
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FiGure 6. ToLUENE-n-OCTANE

(Experimental only)
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presumed experimental error. From this new curve is recal-
culated the curve for the other component. Proceeding in
this manner, one eventually obtains that thermodynamically
related pair of curves
which best satisfies the
data as a whole. In
actual practice it will
usually be unnecessary
to make more than one
such recalculation, if
the data are reasonably
good and if a certain de-
gree of familiarity with
the method has been ob-
tained. If, however,
the data are not in good
agreement, this fact will
be evident as soon as
the first calculated curve
has been obtained (if
not before), and no further effort need be wasted in attempt-
ing to reconcile them.
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Ficure 7. CarBonN DISULFIDE-
ACETONE
@® Experimental, Zawidski; Ex-

O
perimental, Rosanoff; da.lculated.
graphical integration

EXAMPLES OF THE APPLICATION OF THE FOREGOING
MEgTHODS

To demonstrate the utility of the preceding tests, there
follow some typical results of the application of these tests to
data taken from the literature. Throughout the present
discussion, the symbol z refers to the first named component,
which is the more volatile.

IsorEERMAL SystEMs. Examples of straight-line partial-
pressure curves are furnished by the results of Zawidski (20)
for benzene-ethylene dichloride and ethylene dibromide—
propylene dibromide. These systems, accordingly, are ideal
(rule E).

Of the nonideal systems, many appear to follow Raoult’s
law over a considerable range of concentration, as illustrated
by Zawidski’s curves (20) for carbon tetrachloride-ethyl ace-
tate. As required by theory, the corresponding data over this
range for the component in dilute solution are found to follow
Henry’s law, thus confirming their accuracy (rule D).

In the case of Lee’s curves (8) for the system methanol-
benzene (Figure 3) it is apparent that the requisite quantita-
tive relationship between the slope ratios (rule B) is not
satisfied by any means. Although both ratios are less than
one, it can be seen by
inspection that, with
increasing z, the
ratio for methanol in-
creases, while that
for benzene decreases.
Application of the
slope-ratio rule A to
the results of Bredig
and Bayer (3) for
the methanol-water
system (Figure 4)
shows that at about
z = 0.1 to 0.4, the
slope ratio for the
alcohol is much less
; than one, while that
of the water is equal to or slightly greater than one. Hence
In both cases, either the data are in error or else the vapors of
the two components do not follow Dalton’s law.

IsoBaric Dara. For each of these systems it was neces-
sary to select vapor pressures from the literature, and to
construct equations of the type log P = A — B/T which
gave the best fit over the temperature ranges involved.

ACTIVITY COEFFICIENTS
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Ficure 8. Ermyr Iopipe-ETHYL
ACETATE

@ Experimental; Calculated, graagki-
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In some cases the value of A was then changed to give agree-
ment with the value of the boiling point of the pure compound
given by the authors of the data in question. The constants
used are given in Table I. Using these P; and P, values and
the z-y data, the activity-coefficient curves were constructed
and examined by the above-described methods.

TABLE I. Varor Pressures orF Pure Compounps UsEDp.
IN THE CALcULATION OF Activiry COEFFICIENTS

(4 and B are constants of the equationlog P = A — B/T, where T isin ° K.)

ComroUND TeMP. RANGE A B
2:C,
n-Heptane 98-110 7.5917 1750.0
Methylcyclohexane 08-101 7.4542 1710.0
Toluene 98-124 7.7309 1860.0
n-Octane 110-126 7.7503 1941.4
Carbon disulfide 39-54 7.4018 1444.2
Acetone 39-56 7.8482 1635.7
n-Hexane 67-79 7.7215- 1654.6
Benzene 87-79 7.6559 1686.8

The activity-coefficient curves calculated from the data of
Bromiley and Quiggle (4) for n-heptane-methyleyclohexane
are illustrated in Figure 5. Since methylcyclohexane follows
Raoult’s law from # = 0 to z = 0.8, the activity-coefficient
curve for n-heptane should be horizontal throughout that
range, the value indicated by the figure being #; = 1.01.
Likewise, since n-heptane follows Raoult’s law from z = 0.9
to z = 1, methylcyclohexane must follow Henry’s law over
thatrange. Further-
more, the slope of the
activity-coefficient
curve of n-heptane
from 0.8 to 0.9 makes
it necessary for A, to
be greater than 1,
while the data indi-
cate a value lower
than 1. Actually,
since the apparent de-
viation from jdeality
for n-heptane is so
small (1 per cent), and
may be due to an un-
certainty regarding the vapor pressure of the material used,
it seems likely that both components follow Raoult’s*law
over the whole range, and that the system is actually ideal,
a conclusion which the present authors have previously con-
firmed experimentally (1).

A preliminary inspection of the results of Bromiley and
Quiggle (4) for the system toluene-n-octane reveals a con-
siderable degree of inaccuracy. When the logarithms of the
activity coefficients are plotted against z, as in Figure 6, it
appears that n-octane follows Raoult’s law up to about z =
0.1, but the corresponding points for toluene show no indica-
tion of constancy as required by Henry’s law (rule ). The
same is true at the other end of the curve, and in this case the
toluene curve becomes constant at a value somewhat above
the ideal line (probably due to an error in the value selected
for P;). More serious discrepancies, which cannot be
brought within the presumed limits of experimental error,
appear when the slopes of the log curves are compared at
convenient points such as z = 0.25, 0.5, and 0.75 (rule I).
The ratios of the slopes of the two curves at these particular
points should be —3, —1, and —1/;, respectively, whereas the
actual values are found by inspection to be about —3.5,
—0.6, and —0.1, respectively. Under these circumstances
there is no hope of reconciling the two curves with one an-
other.

InTEGRATION OF ACTIViTY-COEFFICIENT CURVES. Ex-
amples are given below of the results obtained by applica-
tion of the graphical integration method to five typical sys-
tems, both isobaric and isothermal, which have passed the
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Ficure 9. n-Heprane-ToLUENE

Experimental, Bromiley and Quiggle;
alculated, graphical integration
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preliminary tests. The activity coefficients which have been
calculated by this method for the following systems are listed
in Table IT:

Tapre II. VaLues or THE Acrtiviry COEFFICIENTS
CALCULATED BY GRAPHICAL INTEGRATION
Carnox

DisurripE—-  ErayL Iopioe- n-HepTANE- n-HEXANE-

AcETONE ETRYL ACETATE TOLUENE BENZENE

3 ay az ax az g_l az ay az
z Z 1o—z 2% i z 1l —2z o 1l —=x
0.00 4.0 1.000 1.5542 1.0000 1.236 1.000 1.367 1.000

0:03 5 1.5542 1.0000
0.05 3.57 1.003 1.5444 1.0003 % 1.367 1.000
0.10 3.22 1.011 1.4689 1.0044 1.236 1.000 1.334 1.003

0.15 2.911 1.026 1.4029 1.0110 1.203 1.0075

0.20 2.636 1.048 1.3455 1.0200 1.182 1.008 1.260 1.013
0.30 2:183 1.116  '1.2487 1.0457 1.135 1.022 1.208 1.028
0.40 1.832 1.226 1.1751 1.0804 1.097 1,041 1.155 1.052
0.50 1.570 1.391 1.1220 1.1220 1.086 1.065 1.112 1.085
0.60 1.380 1.629 1.0804 1.1751 1.040 1.098 1.075 1.132
0.70 1.230 2.017 1.0457 1.2487 1.019 1.140 1.040 1.203
0.80 1.113 2.725 1.0200 1.3455 1.005 1.189 1.013 1.303

0.85 1.0868 3.314 1.0110 1.4029 S -
0.90 1.035 4.12 1.0044 1.4689 1.000 1.222  1.0005 1.395
0.95 1.014 5.36 1.0003 1.5444 A S 1.000 403

0.97 1.007 6.4 1.0000 1.5542
1.00 1.000 S5 1.0000 1.5542 1.000 1.222 1.000 1.403

1. Carbon disulfide-acetone: results of Zawidski (20) at
35.17° C. and of Rosanoff and Easley (18) at 760 mm. (39° to
54° C.) shown in Figure 7. The good agreement between these
two sets of data illustrates the fact that the activity coefficients
do not vary appreciably over the small temperature range
involved, despite the very large deviation from ideality shown by
the system. Both sets of data appear very accurate, since they
are closely represented by the curves obtained by graphical inte-
gration (Figure 7). Marshall (74) also calculated from Zawid-
ski’s data a set of partial-pressure curves which give almost
identical activity coefficients. Using still another method,
Rosanoff caleulated a set of curves which fit his own data very
closely, but Zawidski’s similar calculations are distinctly in-
accurate, owing, as shown b{ Rosanoff, to the use of too few
constants in the equation employed.

2. Ethyl iodide-ethyl acetate: results of Zawidski (20) at
49.99° C. Here again are compared calculated curves obtained
in three different ways—by Zawidski, by Rosanoff, Bacon, and
Schulze (17), and by
the present authors.
From an inspection
of the curves (Figure
8) it appears that
Zawidski used only the
experimental points for
ethyl iodide (a;/z) to
obtain the constants
for his equation, with
the result that the
calculated curve for
ethyl acetate [a./(1
— z)] diverges from
the corresponding
experimental curve
throughout. The
present authors have
used two identical,
mirror-image curves
which fit the data
perfectly over the
high-concentration (50 to 100 per cent) range for each compo-
nent, where the experimental accuracy is greatest. The exten-
sion of these curves into the low-concentration range is then
arbitrarily determined by the Duhem-Margules equation; hav-
ing accomplished this by graphical integration, it is found
that the low-concentration data for ethyl acetate are accurate,
but those for ethyl iodide are somewhat in error. Rosanofi’s cal-
culated curves are very similar but do not quite fit the high-
concentration points for ethyl acetate.

. n-Heptane-toluene: results of Bromiley and Quiggle (4)
at 760 mm. The experimental points are numerous and, for the
most gmt' lie within the probable experimental error on the
smooth curves shown in Figure 9. Nevertheless, it is found im-
possible to reconcile the two experimental curves, the calculated
pair of curves shown in the figure being about the best that can be
obtained.

4. n-Hexane-benzene: results of Tongberg and Johnston
(19) at 735 mm.  In this case, instead of using the experimentally
determined boiling points, the more accurately known values at
724 and 760 mm. (¢, 19) were taken and corrected to 735 mm.
After plotting all of the experimental points, as shown in Figure
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050 075 | i

!
o 025
MOLE FRACTION, X

Ficure 10. n-HexANE-BENZENE

® Experimental; Calculated, graphical
integration
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10, and arbitrarily drawing a curve through one set of them (those
for benzene), we obtain by calculation the corresponding curve
for n-hexane. The latter shows fairly good agreement with
all but two of the experimental points, indicating that the data
are reasonably accurate.

5. n-Pentane—n-heptane: - results of Cummings, Stones, and
Volante (5) at 10 atmospheres. This case furnishes an excellent
example of the fact that at high pressures the simple gas laws are
no longer applicable, so that fugacities must be substituted for
pressures. This transformation was effected by means of the
generalized fugacity charts of Lewis and Luke (12). Values of
Py, P, and the critical constants were taken from International
Critical Tables. Since the interpolations from the fugacity charts
were necessarily not precise, the resulting coefficients obtained
may be in error by about 2 per cent. Within this limit it is ap-
parent that the results (Figure 11) are mutually in correspondence
with the Duhem-Margules equation, and hence no integration
was performed: However, the results indicate a slight positive
deviation from ideality, whereas a similar calculation by Cum-
mings, Stones, and Volante, expressed in the form of an z-y dia-
gram, shows a negative deviation: the latter would be pre-
dicted by previous results () for paraffin-paraffin systems.

Accuracy oF DATA

If, as is usually the case, the analytical data used to calcu-
late partial pressures are obtained by the measurement of a
substantially additive physical property of the binary mix-
ture, it follows that the absolute accuracy with which the
composition of each phase is known remains the same through-
out the range of concentration. Hence the relative accuracy
with which each component is determined varies with its
concentration. For example, if the absolute accuracy of the
measurement is 0.1 per cent, then at a point where z (or y)
is about 0.5 the ac-
curacy for each in-

S 2 BT T
dividual component > =108 % X .
is 0.2 per cent. 3G : e
: : i : : .
However, at z (ory) g ol s s A s
= (.1, the accuracy S { : :
025 050 0715 1

for component 1is 1 0
per cent and for

component 2 is 0.11 ~ Ficure 11.
per cent; at z (or ¥) :

= 0.01, these accuracies become 10 and 0.101 per cent, respec-
tively. Since substantially the same inaccuracy applies to a
given value of z and to the corresponding value of , it is evi-
dent that at low concentrations the ratio y/z may be in error
by an amount far exceeding the accuracy with which the com-
position of the binary mixture can be determined.

For this reason it would appear desirable to obtain the low-
concentration values for one component by calculation from
the corresponding, more accurate high-concentration values
for the other component. However, the factor z/(1 — z) (or
its reciprocal) enters into the calculation, with the resu}t
that the small percentage error for the component present 1n
high concentration becomes multiplied and appears as a larger
error in the corresponding concentration of the other com-
ponent. As a result no specific increase in accuracy is ob-
tainable by calculation. Hence a precise determination of
low-concentration data, such as the Henry’s law constant,
requires either a considerable increase in the precision of _t,he
customary analytical methods based on some physical
property of the mixture, or the use of a specific method for
determining the compound present in the smaller amount,
irrespective of the amount of the other. Two illustrations of
the first method would be, for example, the effect of the solute
on the melting point of the solvent, or the use of a Pul{'rlch-
Zeiss differential refractometer whereby the difference 1n It
fractive index of a known and an unknown mixture can be
directly measured. The best example of the second method is
perhaps chemical analysis, which, unfortunately, seldom
yields accurate results in the case of one hydrocarbon dis-
solved in another.

MOLE FRACTION, X
n-PENTANE-n-HEPTANE
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Preparation of Anhydrous Metallic Soaps

Titanium Soaps

L. W. Ryant anp W. W. PrLeceNER, Titanium Pigment Company, Inc.,

HE term “metallic soaps” is applied to the salts of the
fatty, resin, or naphthenic acids, and the metals other
than the alkali metals or the ammonium radical.

These metallic soaps have many useful applications in the
arts. They are used in waterproofing materials, as thicken-
ing agents in oils and greases, as stabilizers for suspensions
and emulsions, as wetting agents, and to give many special
properties to paints and varnishes. Soaps of cobalt, manga-
nese, and lead form the commonly used driers for paints.

There are two types of metallic soaps which are usually re-
ferred to as precipitated and fused soaps, respectively. The
precipitated soaps are prepared by the double decomposition
of aqueous or alcoholic solutions of alkali metal or am-
monium soaps with aqueous solutions of salts of the other
metals. The reaction results in the replacement of the alkali
metal or ammonium in the water-soluble soap with the other
metal, thus producing a water-insoluble or relatively insoluble
metallic soap. The precipitated soaps are, when properly
made, chemical compounds containing a definite percentage of
metal which completely saturates the acid used. The fused
metallic soaps are made by heating free fatty or resin acids
with a suitable metallic compound, usually the oxide or hy-
drate and less frequently the acetate. The ease of prepara-
tion of the fused soaps and their suitability for many pur-
poses gives them preference in some instances over the pre-
cipitated soaps (2).

For certain purposes trivalent metallic soaps are preferable
to divalent soaps. For example, a small amount of aluminum
stearate in a paint is more efficient in preventing hard-settling
of the pigment than is zinc stearate. The preparation of
metallic soaps of titanium and other tetravalent elements was
therefore undertaken in this laboratory in order to determine
if metallic soaps of tetravalent elements possess any ad-
vantages over the metallic soaps of di- and trivalent elements.

Titanium oxide is an extremely inert pigment, and there-
fore no reaction could be expected between a free fatty acid
and titanium oxide to form a titanium soap. However,
hydrous titanium omde, and more particularly the ortho-
titanic form which is precipitated by the addition of an alkali
to a titanium solution in the cold, is readlly soluble in dilute
mineral acids and the strong organic acids. Therefore it
was attempted to form a titanium soap by mixing hydrous
tltamum oxide with a free fatty acid and heating under vary-
Ing conditions. In no case was there any indication of the
formation of any titanium—-fatty acid compound.

! Present address, United Color & Pigment Company, Newark, N. J.

New York, N. Y.

It was then found that titanium tetrachloride reacted with
fatty acids at moderate temperatures with the elimination of
hydrogen chloride. This reaction is very rapid and is ac-
companied by the evolution of considerable heat. It is there-
fore necessary to add the titanium tetrachloride in small
portions with rapid agitation to prevent marked charring of
the organic acid. The presence of substances capable of re-
acting with hydrochloric acid, such as caleium carbonate or
aniline, was also found to be helpful in decreasing the violence
of the reaction.

METHOD OF PREPARATION

In general, a method of preparation of a titanium compound
of a fatty acid is to suspend calcium carbonate in amount
equivalent to the chloride of the titanium tetrachloride to be
used in the fatty acid at a temperature at which the fatty acid
is completely liquid. Titanium tetrachloride, in somewhat
more than the theoretical amount for the reaction,

4HR + TiCL —> TiR: + 4 4HCI

is added in-small portions with vigorous stirring. The re-
action mass is then heated on a water bath until the evolu-
tion of hydrogen chloride ceases. The bulk of the hydrogen
chloride formed by the reaction escapes as the gas, the re-
mainder reacting with the calcium carbonate to form calcium
chloride. The cooled reaction mass is dissolved in a suitable
volatile solvent, preferably benzene, and filtered or centri-
fugalized to remove the calcium carbonate and any calcium
chloride or titanium oxide or oxychlorides formed in the
course of the reaction. The solvent is removed and re-
covered by distillation. However, solution of the reaction
mass in a volatile solvent in order to permit removal of solids
is not necessary, as the mass may be clarified by filtering at
a high enough temperature to maintain fluidity. A product
of higher titanium oxide content is obtained by triturating
the above material with alcohol, or by precipitation from the
solvent by the addition of alcohol. While the primary prod-
uct 1s” quite soluble in most organic liquids, the alecohol-
precipitated product is very nearly insoluble in most.

For example, 500 grams of stearic acid were heated to 90° C.,
and 100 grams of calcium carbonate were suspended in the
melt. To this were added 85 grams of titanium tetrachloride
in small portions and with vigorous stirring. The reaction
mass was heated on a water bath until the odor of hydrogen
chloride had practically disappeared, then cooled, dissolved
in 1800 grams of ether, and filtered on a Biichner funnel im-
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mersed in ice water to prevent loss of ether. The ether was
then distilled off and the residue heated under vacuum on a
water bath. The product so obtained contained 6.5 per
cent titanium oxide (theoretical for titanium stearate, 6.6 per
cent) and 0.2 per cent chlorine. It melted between 63.5° and
66° C. without giving a sharp melting point. The melt ap-
peared to be perfectly clear. This product was triturated
with alcohol, filtered, and air-dried, and then contained 13.1
per cent titanium oxide. Imasmuch as the titanium oxide
content of the alcohol-treated material was: almost twice
that of the untreated material, this may indicate that the
alcohol treatment does not merely remove free fatty acid but
also brings about some decomposition of the primary prod-
uct, similar to hydrolysis in an aqueous system, to form a
basic titanium salt.

Titanium linoleates and resinates were similarly prepared.
The tung acids combine with titanium in much the same way
as stearic, linseed, and rosin acids, except that the resulting
compounds have quite a low titanium content—about 2.5
per cent titanium oxide—which may be due to polymeri-
zation of the tung acids. Gardner and Bielouss (1) found
that small amounts of titanium tetrachloride polymerized
linseed and tung oils.

Since one of the principal uses for metallic soaps in paints
is to prevent hard-settling, some titanium soaps were ground
into & number of Titanox-B flat wall paints by the Paint,
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Varnish, and Lacquer Laboratory of this company and stored
for 30 days. Comparisons were then made with similar
paints to which aluminum stearate, which is considered to be
the most efficient antisettler of the common metallic soaps,
had been added. Titanium linoleate had very poor anti-
settling properties; titanium resinate was only a shade better.
On the other hand, titanium stearate suspended the pigment
more efficiently than the best grade of aluminum stearate.

X-ray examination of a titanium stearate did not show the
presence of titanium oxide in either crystalline or amorphous
form, which indicates that the formation of a titanium stearate
compound had taken place.

Inasmuch as the reaction of titanium tetrachloride with
free fatty or rosin acids was successfully used for the forma-
tion of titanium soaps, it was thought that the anhydrous
chlorides of other metals might react similarly. In fact this
was found to be true, and cerium, thorium, zirconium, and
aluminum stearates were prepared by the reaction of their
anhydrous chlorides with stearic acid.
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A Chart for the Rapid

Calculation of Mixtures

J. S. Baker, E. R. Squibb & Sons, Brooklyn, N, Y.

HE calculation of the amounts of two or more sub-
stances of known concentration, which when mixed
will produce a mixture of an intermediate desired con-

centration, is a problem often encountered in chemical plants
and laboratories. By ‘‘concentration” of an ingredient, as
used here, is meant the number of units of that ingredient,
solid, liquid, or gas, dissolved in or uniformily mixed with
another substance or mixture of substances to form one
hundred units of mixture.

The chief difficulty with the usual graphical presentations
for the rapid solution of problems of this type is that one or
more irregular scales, such as logarithmic or reciprocal scales,
are employed in their construction, resulting in poor accuracy
over at least part of the range.

It is the aim of the chart here presented to overcome this
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objection. Since the scales are all regular and straight, this
chart may be constructed on regular coérdinate paper in a
few minutes.

This chart is based on the relation:

5Ca=B
A—-B
where A = concn. of stronger constituent
B = conen. of weaker constituent
C = intermediate desired concn.
X = fraction of final mixture made up of stronger con-

stituent

To construct this chart, draw perpendicular identical scales
at the ends of a base line having one hundred equal divisions.
Let the perpendicular scales represent the concentrations in-
volved, B and C on the left and A on the right, and the base-
line scale, as measured from the left end, equal the percentage
of the final mixture consisting of the stronger constituent.

To use this chart, draw a horizontal straight line at the
elevation above the base line representing the desired con-
centration, C. Connect another straight line from the point
representing the weaker concentration B, on the left scale
with the point representing the stronger concentration, 4,
on the right scale. The horizontal distance, as measured on
the base line, from the left perpendicular to the point of inter-
section of these two lines gives the percentage (100 X) of
the final mixture made up of the stronger constituent.

A simple geometric consideration of the similar triangles
involved in the above construction establishes the validity of
this method.

A similar chart may be made for the mixture of liquids of
different gravities, A and B, to obtain a desired gravity, C.
The units on the base line in such a chart will represent vol-
ume per cent. Obviously such a chart cannot be used for
mixtures of liquids such as alcohol and water, in which there
is an over-all volume change, without the introduction of &
correction factor.

REcErveEDp April 7, 1934,
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Newer CHEMICALS

Acetaldehyde, drums, le-l., wks.....lb.
Acetaldol, 50-gal. drums............ 1b
Acetamide, drums....coeveveeaenns 1b.
Acetylene tetrachloride, see Tetra-
chloroethane
Acid, abietic. e . va.sve i iR Yeslby
AdIDIOY T 0 e tssseiaciess s owioe
Furoic, tech., drums
Jinoleiosin 1L5 o ey
Naphthenic, drums.. A
Sebacic, tech...oiiiiienrionnes,
Ammonium linoleate, drums........ 1b.
Ammonium oleate.......coovviin, 1b.

Butyl carbitol, see Dxethylene gly-
col monobutyl ether
Cellosolve, see Ethylene glycol
monobutyl ether
Furoate, tech., 50-gal. drums.....lb.

Calcium furoate, tech., drums...... ib.
Capryl alcohol, tech.......... ot et I
o R R A L Ib.

Crotonaldehyde, 50—gal drums, ¢/1..1b.
Dxchloxl'oethyl ether, 50-gal. drums.l
Diethylene glycol, drums....
Monobutyl ether, drums. ..
Monoethyl ether, drums 5
Diethylene oxide, 50-gal. drums. . ..lb.

Diglycol oleate, drums............ b
Dimethylamine, pure 256 & 40% sol.
—100% basis, druma.......... 1b
Dioxan, see Diethylene oxide
Diphenyl..cicaet.ovasies sviamnesse 1b.

Ethyl acetoacetate, 110-gal. drums. .1b.

Carbonate, 90%, 50-gal. drums. .gal.
Chlorocarbonate, carboys........ 1b.
Ether, absolute, 50-gal. drums....lb.
Furoate, 1-lb. tins..............0 1b.

Ethylgne chlorhydrin, 40%, lo-gnl
Dichloride, 50-gal. drums.. o
Glycol, 50-gal. drums............ 1b.

Monobutyl ether, drums, wks.. Ib
Monoethyl ether, drums, wks..
Moxﬁethyl ether acetate, drums,

........................ 1b.
Monomethyl ether, drums..... 1b.
Oxide; eyl i oa e ivnelass st 1b.

Furfuramide (tech.), 100-1b. drums .1b.
Furfuryl acetate, 1-1b. tins......... 1b.
Alcohol, tech., 500-lb. drums..,..lb.
Glyceryl phthalate.....coviiiunnns 1b.
Glycol phthalate, drums........... 1b.
Glyeol stearate....cccovnnnennesns 1b.
Isopropyl ether, drums............ 1b.
Magnesium peroxide, 100-1b. cs......lb.
Methyl acetate, 82%, drums...... .1b.
9%, tanks........ ib.
Cellosolve, see Ethylene glycol
monomethyl ether
Methyl hexyl ketone, pure......... 1b,
Paraldehyde, 110-55 gal. drums, ¢/1..1b.
l’hloroglucmol tech., drums....... 1b.
........................... 1b.
Pho.!phor\u oxychloride, 175 cyl.....lb.
Potassium abietate......ocveeuran. 1b.

Pyrocatechin, ¢. p., drums.
Sodium abigtate.....c.eiueaeeanaalb.
Sodium alginate..sseeeeasensaanns 1b.
Sodium naphthenate, drums....... 1b.
Strontium peroxide, 100-1b. drums.. .1b.
Sulfuryl chloride, 600-lb. druma.lb

,Tnehlotoethylene, 50—ga.1. drums.. lb
Triethanolamine, 50-gal. drums.....lb.
Tnhydroxyathylamme linoleate.....lb.

Trihydroxyethylamine stearate... .. 1b.
Vinyl chloride, 16-1b. cyl...cee.... 1b.
Zine perborate, 100-1b. drums

Peroxide, 100-lb. drums.......... b.

~ Cazaacars PreviousLy QUoTED
Acetanilide, U. 8. P,, powd., bbls....1b

.26

Alum,

GRADES IN CARLOAD QUANTITIES

ammonia, lump, bbls., wks,
............ e ciressp 100 Iba;

Chrome, cuks wke iiovoiss 100 lbs,

Potash, lump, bbls., wks....

Soda, bb]a.. wka i R . 100 lbs.
Aluminum, metal, N. Y....... 100 lbs. 2

911

Acetic anhydride, 92-95%, cbys..... 1b. 221
Acetone, drums, wks., ¢/l..........lb =l
Acetphenetidin, bbls,.......co00u.s lIb. 1.30
Acid, acetic, 28%, ¢/1., bbls...100 lbs. 2.66
567, 0/L5 bbls, il 100 1bs.  5.50
g{mal. c/l.. bbls. e oc v 100 1bs. 9.13
acial, U. 8. P., ¢/l., carbo;
................ ./T....IOOleBbs. 9.63
Acetylsalicylic, bbls.............. 1b. .70
Anthranilie, 99-100%, drums..... 1b. .85
Benzoie, tech., bbls.............. 1b. .40
Boric, bbls i s st e e b 1b. .04
Butyric, 100% basis, cbya SALY: .80
Chloroacetic, mono-, bbls., wkas....lb. .18

BIERL o iy Al e o b. 1.00

ris bbls e S et T oh 1b 2.50
Chlorosulfonic, drums, wks....... 1b. L0414
Chromic, 99%, drums....c.uuan. 1b. L1514
Cinnamic, bottles.....coavuvaaan Ib. 3.25
Citric, U. S. P., cryst., bbls.......lb. .28
Cresylic, pale, drums..... .gal, .80
Formie, 90%, cbys., N. Y.. .1b. sl
Gallic, U. 8. P., bbls,. . .ciecees 1b. Ay
Glycerophosphorie, 25%, 1-lb

ob.s s L3R esevseneyeaine 1.40
H i bbls i wla e s n i vins v aiea 1b. .65
Hydriodic, 10%, U. 8. P., 5-1b.

botit et e Cinceaiseielb, .87
Hydrobrormc, 48%, cbys., wka. ..lb. .45
Hydrochloric, 20°, tanks, wks.

........................ 100 lbs. 1.35
Hydroﬂuorw, 30%, bbls., wks.....lb, .07

80%, bbls., wks....... lb .15
Hydroﬂuoslhc, 35%, bbls., wka....lb. .11
Hypophosphorus, 30%, U. 8. P., 5—

galidenmis e te s cas 1b .75
Lactic, 22%, dark, bbls...... ... .04

48%, light, bbls., wks.. 5 114
Mixed, tanks, wks........... .07

.08
Molybdic, 85%, kegs....cevven..db. 1,23
Naphthionic, tech., bbls.......... Ib. nom.
Nitrio; 0P, ODYBAlcevest seincsiains 1b. e11
Nitrie, 36°, ¢/l., cbys., wks.

................... 5.00
Oxalic, bbls., wks e 117%
.Phosphoric, 50%. U. 8. P.. e sealb; .14
Picramic, bbls....vvvveieenaaadb, .65
Picric, bbls., c/l ................. 1b. .30
Pyrogallic. Tieevaase vilDid1255
Salicylio, tech bbls .......... s s1b, .33
Stearic, d. p., bbls o/l s 1b. .09
Sulfanilic, 250-1b. bbls. sy ID; .18
Sulfuric, 86°, ¢/l., cbys., wka.

................... «ee+.1001bs. 1.60

66°, tanks, wks........e.000..ton 15.00

80°, tanks, wks....coaiiannann ton 10,50

Oleum, 20%, tanks, wks.......ton 18.50

40%, tanks, wks............ ton 42.00
Sulfurous, U. 8. P., 8%, cbys.....Ib. .05
Tannic, tech., bbls.......cooauyis lb .23
Tartaric, U. S P., cryst., bbls .2614
Tungstic, kegs....coveess A lb. 1.35
Valeric, ¢. P., 10-1b. bot......... b, 2.50

Alcohol, U. 8. P 190 proof, bbls...gal. 4,485
Amyl, from pentane, tanks....... 1b. .143
Amyl, tertiary, tech., tanks, del..lb. .052
Amyl, Imp. druma....... ..... .gal. 1.75
Butyl, drums, ¢/l., wks.......... 1b. L1044
Denatured, No. 5, comp. denat.,

c/l., drums,....c0evee ..gal .34
Isoamyl. drums.. .gal. 4.00
Isobutyl, ref., drums...........gal .75
Isopropyl, ref., drums.......... gal. .50
Propyl, ref., drums..... SR .gal .75
Wood, see Methanol

Aldol, 95%, drums, ¢/L.......... A 21
Alphn—naphthol bbls et ve e .85
Alpha-naphthylamine, bbls. it .33

Aluminum chloride, anhyd., com-
mercial, wks., drums extra, ¢/L...lb.
Aluminum stearate, 100-1b. bbl..... 1b.

Aluminum sulfate, comm'l, bags,
.................. +..100 lbs,
Iron-free. bags, wks. 100 lbs

Aminoazobenzene, 100-1b. ke
Ammonia, auhydrous, cyl., wks.

50,000-1b. tanks, wks,........... 1b.
Ammonia, aqua, 26°, tanks, wks.,
contained NHa........0 00000, 1b
Ammomum acetate. keg
Bifluoride, bbls............
Bromide, bbls ..............
Carbonate, tech., casks
Chloride, gray, bbls......
Lump, casks

Iodide, 25-1b. jars.
Nitrate, tech., cryst.,

Oxalate, kegs........... S
Persulfate, cases........oo0..... 1b.
Phosphate, dibasic, tach bbls....lb.
Sulfate, bulk, wks........... ...ton
Amylene, tanks, wks.............. 1b.
Amyl acetate, tech from pentane,
tanks, delxvered ..... SO 1b.

Amyl chlorides, mixed, tanks, wks .1b.
Amyl chloride, normal, drums. wks..lb.
Amyl lactate, drums, w. v
Amyl mercaptan, drums, wks.....,lb

Amyl stearate, drums, wks......... 1b.
Aniline oil, drumst 25000000 Lod0E 1b.
Anthracene, 80-85%, ca.aks wks....lb.
Anthraquinone, subl., bbls..,....... 1b,
Antimony, metal............. o sanlby

Antimony chloride, drums.......,.lb.
Oxide, bbls..
Salt, dom., bbla

Asbestine, bulk, ¢/1
Barium carbonate, bbls., bags, wks..ton
Chloride, bbls., wka
Dioxide, drs., wks...... s
Hydroxide, bbls........... sseasalb.
Nitrate, casks...eveievevennn...lb.
Barium thiocyanate, 400-1b. bbls..,.lb.
Barytes, floated, 350—lb bbls wka.

Bemoyl chloride, drums,......
Benzyl acetate, F. F. C., bottles,. lb

Alcohol, drums...... gal

Chloride, tech., drums...,.......lb,
Beta-naphthol, bbls............. Vi o s
Beta-naphthylamine, bbls..........lb.
Bismuth, metal, cases............. b,
Bismuth, nitrate, 25-lb. jars.. s

Oxychloride, boxes.............. 1

Subnitrate, U. S. P., 25-1b. jars, . .1b.

Blang fixe, dry, bbls............... ton
Bleaching powder, drums, wkas.
..................... «+.100 1bs.
Bone ash, kegs............. T 1b.
Bone black, bbls........... eivasaslbE
B OTRX, DARE, v as oo s s e s o s 1b.
Bordeaux mixture, bbla ........ Ib.
Brominesboli e v ol 1b.
Bromobenzene, drums............. 1b.
Bromoform, J&rs....ceeeeauetsa. ., 1b.
Butyl acetate, drums, ¢/l........... 1b.

Butyl carbinol, nor., drums, wks....lb.

Butyl carbinol, sec., wks...........
Butyl carbinol, iso, tanks, wkas.
Cadmium bromide, 50-1b. jars.
Cadmium, metal, cases......... 3
Cadmium sulfide, boxes............
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Caflfeine, U. S. P., 5-1b. cans........ 1b. 1.85
Calcium acetate, bags......... 100 lbs.  2.50
Arsenate, bbls. i ial L, di 1b. .05
Carbide, drums......coevvnvnn.- 1b. L0534
Chloride, drums, wks., flake..... ton 19.50
Cyanide, 100-1b. drums.......... 1b. .30
Nitrate, bags, 15% N........... ton 25.50
Phosphate, monobas., bbls. ...... 1b. L0724
Tribas ; bbls i sttt Sivdsivavis 1b. 11
Calcium carbonate, tech., bags,
........................ 00 lbs 1.00
U. 8. P., precip., 175-1b. bbl......lb .0614
Camphor, Jap., slabs..... 1b. .51
Carbazole, bbls.......... 5 .75
Carbon, activated, drums. o= .08
Carbon bisulfide, drums.....cc0nn. .051
Carbon black it i oan it o 3 L041
Carbon dioxide, lig. eyl..cooveunn.. 1b. .06
Carbon tetrachloride, drums........ 1b. 054
Casein, stand. gr., bbls........... ..lb. .12
Cellulose acetate, bbls............. 1b. .80
Cerium oxalate, kegs.....ccavuve.e 1b. 25
Charcoal, willow, powd., bbls....... 1b. .06
China clay, bulk....... .ton 8.00 .
Chloral hydrate, drums............ Ib. .70
Chlorine, liq. ¢/, eyL.*..cooavninns 1b. .055
Chlorine, tanks.....ccveeaaass 100 1bs, 1.85
Chlorobenzene, mono-, drums...... Ib. .06
Chloroform, tech., drums.......... 1b. .20
Chromium acetate, 20° soln., bbls...1b. .05

Coal tar, bbls., wks.
Cobalt, metal, kegs...
Cobalt oxide, bbls...

Cod liver oil, bbls.....covvvveiaan.

Copperas, ¢/l., bulk..

Copper, metsl elegl N e san

Copper carbonate, bbls., 52/54%. . 154
Chloride, bbls......c.caveeeacanas lb. Ak
Cyanide, dTums. ...veeeeeevanass 1b .37
Oxide, red, bbls,.....ccovevennan. 1b .15
Sulfate, ¢/l., bbls...........100 lbs 3.85

Cotton, soluble, bbls .......ccvnne 1b. .40

Cream tartar, bbls............. ... lb. 19Y%

Cyanamide, bulk, N. Y.

.................. Ammonia unit  1.0714
Diaminophenol, kegs........ .00 3.80
Diamylamine, drums, wks......... Ib. 1,00
Diamylene, tanks, Wks. . ooovinnns 1b. .08%4
Diamyl sulfide, drums, wks........ 1bsEs 1510
Dianisidine, bbls.... ... .. vennn. 1b. 2.35
Dibutylphthalate, drums, wks,..... 1b, .20%4
Dichloropentanes, tanks, wks...... Ib. 0214
Diethylaniline, drums. ............ 1b. .52
Diethylene glycol, drums.......... 1b .14
Diethyl carbinol, drums, wks....... 1b .60
Diethyl phthalate, drums.......... 1b. .23
Diethyl sulfate, tech., drums....... 1b. .20
Dimethylaniline, drums ............ 1b. .29
Dimethyl ethyl carbinol, drums, wks. lb. .60
Dimethylsulfate, drums....... .1b, .45
Dinitrobenzene, tech., drums. . 7
Dinitrochlorobenzene, bbls......... 1434
Dinitronaphthalene, bbls........... ’ .34
Dinitrophenol, bbls................ o .23
Diphenylamine, bbls............... & 31
Diphenylguanidine, bbls............ . .36
Epsom salt, tech., bbls., c¢/l., N. Y.

........................ 1001bs. 1.70
Ether, nitrous, bot..... ALY .75
Ether, conc., drums......ooeveennn 1b. .09
Ethyl acetate, tanks, ¢/l........... 1b. 0734

Bromide, drums. .. .ccoeaniniaan, 1b. .50
Chloride, drums........ RETAT 1b. .22
Methyl ketone, drums........... 1b. .30

Ethylbensylaniline, 300-1b. drums. . .1b. .88
Ethylenechlorohydrin,anhyd.drums.lb. .75

Glycol, ¢/l., Wks. .. .oovuannann.n 1b. .26
Feldspar, bulk....ooeennannnan.. ton 10.00
Ferric chloride, tech., bbls..........lb. .05
Ferrous chloride, cryst., bbla........ 1b. .06
Ferrous sulfide, bbls........... 2
Fluorspar, 98%, bags. : :
Formeldehyde, bbls... 53 .
Formaniline, drums.....ccvvuunann :
Fuller's earth, bags, ¢/l., mines....ton  6.50
Fur{ural. ums, tech., contract,

......................... 1 .10
Glnuber s salt, bblal, Lii0i 0 100 1bs. 1.10
Glucose, 70°, bags. gy Ciec ety 1001bs. 3.14
Glycerine, ¢. P,, drums............ 1b, .13
G salty Dbl N o 1b. 42
Hexamethylenetetramine, tech.,

)T B R T R A 1b. .37

1 This is the approximate F. O. B. shippin

oint price. Quotations are now all on a delivere

1s and vary with the section.
* F. O. B. destination.
$ Less certain discounts depending upon time
of purchme and delivery.

Hydrogen peroxide, 25 vol., bbls.....lb.

Hydroquinone, kegs.......cooueens
Indigo, 20%, paste, bbls........... 3
Iodine, crude, 200-1b. kgs. N
Iodine, resubl., jars....ccceevnunne -
Iron acetate, lig., 17°, bbls., ¢/1..... 1b.
Kieselguhr, bags..........covun.. ton
Lead, metal, N. Yo.ooovevennn 100 lbs.
Lead acetate, bbls., white.......... 1b.
Arsenats, bblsi il 0TS0 1b.
Oxide, litharge, bbls., 20-ton lots..lb.
Peroxide, drums.....oocvuunnn.. 1b.
Red, bbls., 20-ton lots........... 1b.
Sulfates bbls o e s Ib.
White, basic carb., bbls.......... 1b.
Lime, hydrated, bbls..........100 Ibs.
Lime, live, chemical, bbls., wks.,
........................ 280 lbs
Limestone, ground, bags, wks...... ton
Lithopone, bbls.........ccc00nvn.n 1b.
Magnesite, calcined, 500-1b. bbls.,
WS e R ton
Magnesium, metal, wks............ 1b.
Magnesium carbonate, bags........ Ib.
Chloride, drums........o0ueen.. ton
Fluosilicate, cryst., bbls.......... Ib.
Oxide, U. S. P., light, bbls........ 1b.
Manganese chloride, casks......... 1b.
Dioxide, 80%, bbls............. ton
Sulfate;icaskstza Uit SEEGT iR 1b.
Mercury bichloride, cryst., 100 1bs. .1b.
Mercury flasks, 76 lbs............ flask
Meta-nitroaniline, bbls ina e itlb,
Meta-phenylenediamine, bbls....... 1b.
Meta-tolylenediamine, bbls......... 1b.
Methanol, pure, synthetic, drums,
delivereds o/ e e gal.
Tanks;'delivared s aa s s s osdas gal.
Methyl acetone, drums........... gal,
Methyl chloride, cylinders......... 1b.
Methyl propyl carbinol, drums, wks.1b.
Methyl salicylate, cases ........... 1b.
Michler's ketone, bbls.............. 1b.
Monoamylamine, drums, wks. ..... 1b.
Naphthalene, flake, bbls... 2 1Dt
Nickel, metal ST s aates ee1Dy
Nickel salt, single, bbls............. 1b.
Double; bblsl i s
Nitericakey bulk ST iuhilviee ceive s
Nitrobenzene, drums 5
Qil, castor, No. 1.....

China wood, bbls...
Coconut, tanks...

Corn, crude, tanks, mills. .
Cottonseed, crude, tanks..

Tinseed thbIBI Tt a bt o es dleiers
Menhaden, crude, tanks........
Neat's-foot, pure, bbls...........
Oleo, No. 1; bbls.. oo ciooviaa
Olive oil, denat., bbls...........
Foots; bbls b e &5ioai i et
Palm, Lagos, casks..............
Peanut, crude, tanks............
35 VG ) o) e ot a0 O e
Rapeseed, bbls.................
Red S DD e s aialsts stara b St
Soy bean, crude, tanks..........
Sperm; 382, bbla . sl il
‘Whale, bbls., natural, winter

Ortho-aminophenol, kegs. ...
Ortho-dichlorobenzene, drum:
Ortho-nitrochlorobenzene, drums...lb.

Ortho-nitrophenol, bbls............ 1b.
Ortho-nitrotoluene, drums......... Ib.
Ortho-toluidine, bbls............... 1b.
Para-aminophenol, kegs............ 1b.
Para-dichlorobenzene. ............ 1b.
Para-formaldehyde, cases. .1b.
Paraldehyde, tech., drums. . %

Para-nitraniline, drums............ ¥
Para-nitrochlorobenzene, drums....lb.
Para-nitrophenol, bbls............. 1b.
Para-nitrosodimethylaniline, bbls....lb.
Para-nitrotoluene, bbls...... ...... Ib.
Para-phenylenediamine, bbls ..., 1b.

Psra-tertmry amyl phenol, drums,

Para-toluidine, bbls
Paris Green, 250-1b. kegs

Phenol, drums.............

Phenolphthalein, drums g
Phenylethyl alcohol, 1-1b. bot....... 1b.
Phosphorus, red, cases:............ 1b.

Phosphorus trichloride, eyl......... 1b.
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.05%4
1.20
V12
15s. 1d.
2.25
.03
50.00
3.80
.11
.08

Phthalic anhydride, bbls........... 1b.
Platinum;imetal 38 oSt Re oz.
‘ Potash, caustic, drums............. 1b.

Potassium acetate, kegs.

Bicarbonate, casks.. 52 1b:
Bichromate, casks............... 1b.
Binoxalate, bbls........ ... 0000 1b.
Bromid e e St o s ot ot 1b,
Carbonate, 80-85%, calc., casks..lb.
Chlorate, kegs.. ... .0 i, Ib
Chloride, crystals, bbls........... 1b
Cyanide, cases.......cocceirsns. 1b.
Meta-bisulfite, bbls..............Ib.
Muriate, fert., bulk............. ton
Permanganate, drums........... 1b.
Prussiate, red, casks............. 1b
Yellow, casks......c.coeoeeuvns 1b.
Titanium oxalate, bbls........... 1b.
Pyridine, drums................. gal.
Resorcinol, tech., kegs............. 1b.
Rochelle salt, bbls., U. 8. P.........1lb.
Rsaltiibbla R i S o 1b.
Saccharin,/eansileiz s sl 1b.
Salt’ oake,tbulk s Tt e aron ton
Saltpeter, gran., bbls............... 1b.
Silicafirafitbags R i e ton
Silver nitrate, 16-0z. bot........... oz.
Soda ash, 58%, light, bags, contract,.
N b S R S S e B 100 lbs.
Soda, caustic, 76%, solid, drums,
contract, wks............. 100 lbs.
Sodium acetate, bbls............... Ib.
Benzoate, bbls. il LGN, 1b.
Bicarbonate, bbls........... 100 lbs.
Bichromate, casks.............. 1b.
Bisulfite ) bhls e e 1b.
Bromide, bbls., U. S. P.......... 1b.
Chlorate i kegs ot ol s s iesios 1b.
Chloride, bags.. .. vvveeennnnn ton
Cyanide, c88€8... ...ccoveuiaan 1b.
Fluoride,: bblsi S St sitis e 1b
Metallic, drums, 124-1b. bricks...lb.
Metasilicate, cryst.......... 100 lbs.
Metasilicate, gran., bbls.....100 lbs.
Nahpthionate, bbls.............. 1b.
Nitrate, crude, 200-1b. bags, N. Y.
........................ 100 lbs.
Nitrite? bblslEstoau it vaniss 1b.
Perborate; bblal s it oo ens 1b.
Peroxide, €28€8... . . ccieacannnns 1b.
Phosphate, disodium, bags..100 lbs,

Phosphate, trisodium, bbls..100 lbs.

Picramate, kegs.....coveiein. 1b.
Prussiate, bbls.................. 1b.
Silicate, drums, tanks, 40°...100 lbs.
Silicofluoride, bbls............... Ib.
Stannate, drums................ 1b.
Sulfate, anhyd., bbls........ 100 lbs.
Sulfide, cryst., bbls. 1b,
Solid, 60%....... 1b.
Sulfocyanide, bbls............... 1b.
Thiosulfate, reg., cryst., bbls......1b.
Tungstate, kegs................. 1b.
Strontium carbonate, tech., bbls. . ..lb.
Nitrate, bbls........ e et larales 1b.
Sulfur, bulk, mines, wks........... ton
Sulfur chloride, red, drums......... 1b.
Yellow, drums. . ioiiie ooy 1b.
Sulfur dioxide, commercial, eyl......lb.
Sulfuryl chloride, drums...... sl
Thiocarbanilid, bbls......... aasee Ly,
I elale e e s o iioioeiia oo ool ey 1b.
Tin tetrachloride, anhydrous, drums,
A e e T g R R R 1b.
Oxide;ibbls, v eits os Sl v s s 1b.
Titanium dioxide, bbls., wks........ 1b.
Toluene, tanks: : i ot iedaessn gal.
Triamylamine, drums, wks........ Ib.
Triamyl borate, drums, wks........ 1b.
Tribromophenol, cases......cccvuus 1b.
Triphenylguanidine, drums......... 1b.
Triphenyl phosphate, bbls.......... 1b.
Tungsten, pOWder...oeieeauarnsses 1b.
Urea, PUre, CASeS...eeveesaseassasss 1b.
Whiting, bags.....ccociiviecvanns ton
Xylene, 10°, tanks, wks........... gal.
Xylidine, drums; i 0l il Sis c il 1b.
Zinc, metal, E. St. Louis...... 100 1bs.
Zinc ammonium chloride, bbls...... 1b.

Chloride, granulated, drums......lb.
Oxide, Amer., bbls...............lb.
Stearate, bbls:
Zinc dust, bbls.,
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Did you know that one Dubbs
refiner went back to firing his boilers
with coal because he could sell his
Dubbscracked fuel oil at a premium?

One did
Probably others have done so, too

Undoubtedly more will do so as buyers
come to understand that Dubbscracked
fuel oil has more B.t.u. to the barrel
than ordinary oil

There 1s never enough Dubbscracked
fuel o1l to go round

Nor enough Dubbscracked gasoline

Universal Oil Products Co (& , %‘%p
Chicago, Illinois (§ {g g e

Dubbs Cracking Process
Owner and Licensor
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|F you need Hydrogen in your process use the M.M.C. Process (world patents
granted and pending) and save 50% of steam consumption.

THE M.M.C. Catalyst is the only one which converts CO to H; and CO; at

high pressure-and low temperature and therefore with nearly the

theoretical amount of steam without undesirable side reactions.

SULPHUR does not poison the M.M.C. Catalyst.

AMERICAN MAGNESIUM METALS CORPORATION
800 Ohio Street, PITTSBURGH, PA.

AUSTRO AMERICAN MAGNESITE COMPANY
RADENTHEIN, AUSTRIA
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HIGH PRESSURE
PROGRESS

“High pressure’” design formerly involved great weight,
clumsy construction and massive parts. Progress has
changed that.

The high pressure, floating head heaters pictured above
carry 1,000 pounds pressure in the tubes and 250 pounds in
the shell.

The “lock heads” carrying 1,000 pounds pressure are
smaller, more compact and vastly more effective than the old,
bolted construction. One man with ordinary wrenches can
completely dismantle the high pressure head for access to the
tube joints in the fixed sheet. This construction is not more
expensive than the bolted design but is infinitely superior in
many ways. It has been used in many services during the
past few years and is a definite advance in high pressure
progress. It has been approved by the insurance companies.
Full details upon request.

The shells are to Class I fusion welded specification,
fabricated in the new Foster Wheeler welding shop. They
represent modern practice in rivetless, leakless cylinders
without butt straps or other surplus material. Welded
vessels of alloy metals are also produced by Foster Wheeler
and consultation on special problems will be arranged with-
out obligation.

FOSTER WHEELER CORPORATION
165 Broadway, N. Y.
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TOWERS
DRUMS

Welded

or

Riveted

Fabricated
to Your Order

COLUMNS

50 Years of Experience
in Kabricating Pressure
Viessels - . .

For more than fifty years our Chattanooga
shop organization has been building pressure
vessels and fabricated plate work. Out of
this long experience has been developed
knowledge, skill and equipment thoroughly
adequate to handle your work of this class
efficiently and promptly. C-E Process
Equipment can be furnished welded or riv-
eted, as desired. Material may be carbon,
alloy or clad steel. Vessels may be any di-
mensions up to shipping clearance limits.
Equipment fabricated to order.

COMIBUSTION ENGINEERING COMPANY, INC

200 Madison Avenue, New York, N. Y.

Canadian Associates, Combustion Engineering Corporation, Ltd., Montreal

MANUFACTURING PLANTS: The Hedges-Walsh-Weidner Company, Chattanooga, Tenn.; Coshdcton Iron Company, Mononga-

hela, Pa.; Raymond Brothers Impact Pulverizer Company, Chicago, Ill.

C-E Products: Press_ure Vessels, Fabricated Plate Work, All Types of Pulverized Fuel Systems, Mechanical Stokers, Boilers, Com-
plete Steam Generating Units, Water Cooled Furnaces, Economizers and Air Heaters. = °

A-169
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DU PONT SODIUM GYANIDE

SERVES

CHEMICAL AND METAL INDUSTRIES

Important Chemical in

Organic Processes
U Pont Sodium Cyanide has properties ideally
D pIop

suited for chemical operations which involve re-
actions of the cyanogen (CN) radical.
soluble in water and alkaline solutions.
many soluble salts to form other cyanides. It can be
handled with ease, and without danger, when proper

precautions are followed.

Large scale manufacturing operations in which Sodium
Cyanide is now employed include the manufacture of
organic cyanogen derivatives, dyestuff intermediates,
rubber accelerators, sulfocyanides, metal cyanides and

double cyanides.

WIDELY USED IN METAL
INDUSTRIES

The importance of Sodium' Cyanide in metal
industries has long been recognized. Here it
is widely used in combination with metal
C{anidcs as the principal ingredient of many
plating baths; }or cleaning metal surfaces
preparatory to plating; for making up and
replenishing molten Cyanide baths for case
hardening, nitriding, reheating, and mottling
steel parts; and for extracting gold and silver
from their ores.

POPULAR FOR INDUSTRIAL
FUMIGATION

An important practice in producing clean
food products is the control of insect infes-
tation in stored products and processing
plants. One of the most effective and econom-
1cal ways of controlling such infestations is
to fumigate with hydrocyanic acid gas gen-
erated from du Pont Sodium Cyanide.

“Cyanegg” is the registered trade mark name of
du Pont for its Sodium Cyanide, minimum 96 %,
molded in the form of eggs weighing approxi-
mately 1 ounce each. ~This ﬁwm is highly
popular because of its convenience in making u
plating solutions, heat treating baths, fumi-
gation charges, and for general use.

It is readily
It reacts with

Technical Literature on the Applications of du Pont Sodium Cyanide

PROPERTIES OF SODIUM

CYANIDE

Formula®s oo taiwiasn e e foe NaCn
Molecular Weight . .............0. 49.01
Formitie st s inen White, solid
Specific.Gravity: 252 Coit ol 1.50

8502 Gt it e 1.19
Melting Pointzisel waos it v 560° C.
Boiling:Point: it it iane e & 1500° C.
Solubility in 100 g. Water: 0°C.. . 43.4¢g.

20°C...583¢.
34.7°C.. .82.7g.

TECHNICAL COOPERATION

We shall be glad to cooperate with you on
any application of du Pont Sodium
Cyanide which you may be considering.
Special service groups are maintained to
assist in steel treating, plating, fumigation
work and organic synthesis. Please advise
us of your interests.

SEND COUPON
FOR LITERATURE

THE “R. & H.”” CHEMICALS DEPT.
E. I. du Pont de Nemours & Co., Inc.
Wilmington, Del.

Please send me free
copies of literature on du Pont Sodium
Cyanide for the following applications:

Gentlemen:
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|

|

I

|

| O Steel Treating

I [ Plating — Zinec and Copper
| “Duozinc®’

{ Gold and Silver
1 [ Industrial Fumigation

|

I

|

|

|

]

I

|

I

I

i

|

|

| Ls

[J Properties of “Cyanegg”’

Name.

Position

Company

Address.

L_—.—_———_—_.————_———————————.—

. invesTicate Q@UPOND &7 Chemicals -

REG. 1.5, PAT.OFF

For Industrial Use: ALBONE*C (Hydrogen Peroxide, 100 