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Does Quality Count?

If so,useW. & P. Mixing Apparatus

Working Position Tilted Position

’

Made at our Saginaw, Mich., factory, in
3 STRENGTHS—thus suitable to any stiffness of mass.

10 TYPES—thus mixing any kind of materials and also rheeting
local factory conditions.

11 SIZES—ranging‘from Y, gal. to 3,000 gals., capacity thus suitable "
for any size of batch. '

Any mixer may be jacketed for heating or cooling purposes.

Mixing blades may be revolved m either direction by suitable reversing
apparatus prov1ded

We manufacture:— 1'
UNIVERSAL KNEADING AND MIXING MACHINES
VACUUM KNEADERS
MACARONI PRESSES
RUBBER MACHINERY

) WERNER & PFLEIDERER COMPANY (w-’

MAIN OFFICE AND FACTORY ‘.’ cj
5 8 THE
SAGINAW, W. S.,, MICHIGAN
NEW YORK, 41 Park Row SAN FRANCISCO, Pacific Building PHILADELPHIA, Drexel Building

Cannstatt-Stuttgart, Wuerttemburg, Berlin, Cologne, Hamburg, Frankfort, Dresden, Vienna, London, Peterborough, Paris, Zurich, Hague, Milan, Moscow, Buenos Ayres
A
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'EVAPORATOR
INSTALLATIONS
OF MERIT

Any Size Any Service

ZAREMBA PATENT QUADRUPLE EFFECT
FOR MERCERIZERS CAUSTIC RECOVERY

Special Types for Special Work

ZAREMBA COMPANY

BUFFALO, U.S.A.
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SANBORN

Single and Multiple Effect

EVAPORATORS

FOR ALL DUTIES

Sanborn Single and Multiple Effects for evaporation and distillation; adapted to
any duty and built of metal or alloy suited to operating conditions; made in any
size and in combinations securing highest economy. Under this system, true
film evaporation is obtained without the aid of any mechanical devices, by means
of the shape and grouping of the heating elements.

No moving parts, fewest joints and minimum cost of up-keep. Gases evolved
during operation can be entirely removed and utilized, if desired.

NOTE:— The Sanborn System is applicable to many types of
existing installations at small expense, reducing up-keep costs and
increasing the efficiency from 50 to 100 per cent..

For conditions when film evaporation is not desired, we build improved sub-
merged tube apparatus to meet the particular requirements.

SEND FOR CATALOGUE

ENGINEERS, DESIGNERS AND MANUFACTURERS
of General Equipment

WRITE US

' SANBORN EVAPORATOR COMPANY

50 BROAD STREET, NEW YORK CITY

o
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Why

are so many Swenson
" Evaporators used in
foreign countries?

One of the several Types of Swensons

Reasons—

They require few repairs, doing away with long
shut downs and ‘‘Watchful waiting’’ for
parts.

They are built in sections completely boxed
(not crated) for export shipment with strong
2" lumber.

tageous for installation in old factories with

This also is especially advan-

narrow doors.

They are easy to install—and operate, with un-
skilled foreign labor.

They get the result thatis the object of your
plant—substantial profits.

Other and more specific
reasons upon
request.

Gwenson fvaporaror (o,

Cable Address:* Evaporator Chicago

THE BENEFITS
of CONCENTRATION

Why not get those Benefits ? At
the same time let us relieve you of
the responsibility of properly pro-
portioning your train of equipment.

We furnish Dryers, Evaporators,
Stills, Filter Presses and all the Allied
Machinery and Equipment.

We build Special
Apparatus of
any kind

HENRY E. JACOBY

Contracting Engineer
95-97 Liberty Street NEW YORK

We Welcome
Competitive Tests

If you are in the market for a large, important
filter installation, why not arrange to test the
Sweetland filter on your product in comparison
with any other type filter—then select the best.
Competitive tests have brought us many of
our largest orders.

Sweetland Self-Dumping
Filter

Saves labor, is economical in filter cloth, has inter-
changeable filter leaves and requires the least floor
Space. Write for Catalogue 12 and Sample of
Sweetland’s Patent Metallic Filter Cioth

Sweetland Filter Press Co., Inc.
36 FLATBUSH AVE. EXTENSION
Brooklyn, New York
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The Simplicity of a Pulverizing Machine which
Gives You the Results You Require

O grnnd any material to an impalpable powder it is first neces-

sary to have a mill which will produce the required fineness eco-

nomically; second, an economical means of producing a uniform
product which contains no lumps or oversizes, and third, to have this
finished product delivered to a convenient storage bin or conveyor.

THE RAYMOND ‘xieiesrve SYSTEM

combines all these three requisites in the most economical way.

First, the Raymond Roller Mills and
Automatic Pulverizers (which type is "
used depends upon the character of the
material) grind the material economically.

Second, by means of air and our patented
Separators we produce any degree of fine-
ness desired, and third, this same air, with-
out additional power, is used as a means
to convey the powdered matenal to a
convenient storage bm Or cConveyor.

If you have any grinding problem, read
our next three advertisements and learn
what the Raymond System is and what
it can do. Or better still, fill out the
coupon today and obtain our book on
grinding machinery.

THE COUPON IS FOR YOUR CONVENIENCE

RAYMOND BROS. IMPACT

See our Booth PULVERIZER COMPANY
at the 1308 No. Branch Street, CHICAGO, ILL.
National Exposi tion of Please send us your literature.
Chemical Industl‘ies NAME .............................................................
STREFE LSS i aises ceiiisd i sy sl e e s oy

September 25th CITY STATE
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Preferred
o ~— ‘ sk your dealer
1n the (S35 TN i fo};‘ prices

and samples
Great
Laboratories

THE reason is easy to ind—Whatman

has a remarkable uniformity, wet
strength and dependability. It is the
paper that can be relied upon always
to do what it was meant to do.

“\X/HATMAN®
22 FILTER PAPERS

Guaranteed Free from Chlorine and Starch

There is a Whatman Filter Paper to suit your preference—Ilook over the list and
see which is best adapted to your work before ordering from your usual supply house.

No. 1 For general quantitative and No. 40 Hydrochloric and Hydrofluoric
qualitative work. Retains acid treated. Less ash than
2 S No. 30. For very accurate
Barium Sulphate. quantitative work. Retains
" G finest precipitates.
Nos. 2-5 For general qualitative work. No. 41  Treated as No. 40. Is more
Ask for samples. open and filters more quickly.
Not recommended for filtering
: very fine precipitates unless
Acid-Washed Papers properly precipitated.

W : Has same chemical qualities as

No. 30 Hydrochloric acid treated. Low No. 42 Moo 3
. g 4 . 40 and 41, but is much
ash, close texture. For quanti- harder and extremely close in
tative work. texture. For use in filter pumps.

Every other variety of high-grade filter paper is in course of production.

H. REEVE ANGEL & CO., Inc.
120 LIBERTY ST. NEW YORK

Sole Representatives for United States and Canada
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Williams equipment invariably leads to success. For 21 years Williams machines have been in successful operation
reducing various materials ranging from feathers to limestone. ~Williams machines are suitable for reducing ma-
terial to most any degree of fineness and in quantities ranging from 200 lbs. per hour to 350 tons per hour. If
confronted with a re§uction problem, no matter what it may be, consult Williams. Williams can and will help
you over your difficulty. Williams catalogs are subdivided as per table below; to insure receiving the proper
catalog, specify by number when inquiring.

NO. 10 NO. 10-A NO. 10-B NO. 10-C NO. 10-D | NO. 10-E NO. 10-F SPECIAL
Limestone Shale Tankage Oil Cake Stock Food Coal Crushers| Shredders ‘| Soap Powder
Lime Clay Bone Linseed Cereals for Bark, Chips All Drug
Gypsum Asphalt Shells Cotton Seed Alfalfa Coke Ovens Wood Pulp Material

oal Sand Poultry Food Castor, Nitre and all Gas Plants Licorice-Root Paper Stock
Ochres All Clay and all Salt Cake By-Products and all and all and all
Dry Colors Material Fertilizer Soy Bean from Industrial Fibrous Chemicals
Material Copra, Etc. Flour Mills Plants Material

THE WILLIAMS PATENT CRUSHER & PULVERIZER CO.

General Sales Dept.:
Works: ST. LOUIS OLD COLONY BUILDING, CHICAGO 268 Market St., SAN FRANCISCO

VITREOSIL 1s THE TRADE MARK OF

PURE FUSED SILICA APPARATUS MADE
BY THE PATENTED PROCESS OF
" THE THERMAL SYNDICATE LTD.

IT IS A TIME - TRIED

VITREOSIL

IS PARTICULARLY

PRODUCT BACKED

BY TEN YEARS OF

SERVICEABLE IN THE MANUFACTURING

CONSTRUCTION OF NITRIC
SULPHURIC AND MURIATIC PLANTS

EXPERIENCE

THE THERMAL SYNDICATE, LTD.

CHEMISTS’ BUILDING, 50 EAsT4 15T ST.
NEW YORK CITY
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- EDITORIALS

THE CHEMICAL INDUSTRIES
After the war then what? What is to become of our
newly developed chemical industries? These questions
seem to be constantly on the minds of many. To-day
we may be suffering for want of dyestuffs, potash,

pharmaceuticals and a great host of other chemical.

products—but we are hustling at breakneck speed to
remedy matters.

In our great rush in building plants to take care of
our home demands there have necessarily been many
costly blunders. Plants have been erected and torn
down to be rebuilt on the experience of the first attempt.
Old processes, old methods have been called into use,
only to be discarded again and replaced by newer and
better ones. The country is suffering a dearth of trained
and experienced chemical engineers, but our country is
young. We lacked many of the chemical industries be-
cause we have heretofore been able to obtain supplies
cheaper abroad. The, necessity of developing com-
pletely our home chemical industries was not existing
before the war. Necessity still remains the mother of
invention, and we are a race of inventors.

The development of certain industries is largely a
matter of geography—just as the growing of oranges is
largely a matter of geography. The location of the
necessary natural resources determines the location of
industries for utilizing them.

We are peculiarly fortunate in our deposits of coal,
sulfur, oil, salt, phosphate rock, etc., etc. We lead the
world in their production. Naturally we should lead
the world in the industries depending on them and this
includes the whole range of chemical industry.

We have had a wall more insurmountable than any
tariff wall with absolutely no holes in it, for the last two
years, which has resulted in a very acute famine in cer-
tain chemical products. This condition has given us a

tremendous opportunity for building up some chemical .

industries we lacked, rounding out the cycle of our in-
dustrial activity.

The Exposition of Chemical Industries this fall will
show in a measure what American Chemical Engineers
have accomplished. It will be a Clearing House for
ideas and plans for the future. Already there are more
exhibits, and of greater variety, promised than have ever
been brought together before. It will, without doubt,
be the world’s largest and most important exposition
of strictly chemical industry, and will indicate clearly
the position we shall aim to assume among the Chem-
ical Industries of the world.

OUR RESPONSIBILITIES!

Added opportunity means increased responsibility.
The holocaust now raging in Europe has forced op-
portunities upon American chemists and has corre-
spondingly increased our responsibilities. The world
in general and our own public in particular, has been
thoroughly awakened to the important, though un-
obtrusive, part played by chemical operations in al-

1 Address before the Chicago Section of the A. C. S., June 7, 1916.

most every phase of every-day life; chemistry and
chemists have been drawn forth into public view and
subjected to such inspection and examination as has
never before been accorded them. Their past efforts
have been scrutinized, their every-day vocations have
been studied, and lessons have been learned there-
through that otherwise would not have been learned.
In the enthusiasm of a newly acquired knowledge,
imagination was by many given free rein; flights into
the realms of fancy became the order of the day, and
miracles more fantastic than any the alchemists ever
claimed, were confidently heralded as accomplished
facts, and echoed and re-echoed by our daily press.
PUBLIC CONFIDENCE NECESSARY '

The admirable counsel of courage and caution by
Professor M. C. Whitaker [THIS JoUurRNAL, 6 (1914),
704] is as fitting to-day as it was in October, 1914, when
it was given; and its value and usefulness must in-
evitably grow and become greater in the difficult
days ahead. Misguided enthusiasm may be as det-
rimental to progress as habitual and obstinate lethargy.
Confidence is of slow growth; it is quickly checked by
adverse happenings and by promises unfulfilled.
Our industrial progress in chemistry to-day requires,
more than anything else, solid and substantial public
confidence in us. One unfulfilled, extravagant promise
has potentialities for greater retardation upon the
growth of that confidence than can be overcome by a
dozen moderate, reasonable promises wholly redeemed
and completely fulfilled. Constructive work is slow
and of limited range of influence; destructive. work is
rapid and of f’ar-reaching consequences; bad news
travels far and fast.

RESPONSIBILITY TO THE PUBLIC

Our first responsibility is to check the super-en-
thusiastic, to put the bridle of reason upon uncon-
strained expectation, to bring back the public from
its intellectual orgy to the stern reality that progress
is not meteoric and that permanent, substantial
progress is, like confidence, of exasperatingly slow
growth; if all the chemists in the world could accom-
plish one real ‘“thriller’” a year, that would be a most
satisfactory and satisfying record. :

In spite of much diligent and convincing.teaching
to the contrary, there are many who still believe in
the possibility of perpetual motion; there are many
more who still believe that they can get something
for nothing, and their misadventures in applying this
doctrine to chemical enterprises do more harm over
night than many earnest men can undo in many a
month and year of hard and serious labor. We can
have enthusiasm without extravagance, prudence
without pessimism, courage without foolhardiness,
caution without timidity, and confidence without
bluster. Progress cannot be had without taking
chances nor without failure, but there is a reasonable
and an unreasonable kind of each, and it is our first
responsibility to teach this to the public, however
unwilling a pupil it may be or may profess to be.
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This is not only our first responsibility but also the
most difficult to discharge. Hosts of men and pha-
lanxes of minds are daily contending with untold num-
bers of problems; the finished work of so many is so
frequently being brought to public attention that con-
sideration cannot be given to what may, for lack of a
better ‘expression, be termed ‘‘reports of progress;”’
progress alone does not arrest public attention nor
excite public comment; conclusive, or at least moder-
ately conclusive, achievements alone can engage
the general public. :

To bring the nature of this problem nearer home to
us: How many of us chemists displayed breathless
enthusiasm in the monthly reports that used to come
up from Panama setting forth the number of cubic
yards excavated? How many of us open our morn-
ing papers in haste to find out what the balance in
the Federal Treasury was the day before? How many
of us watched with nervous interest the daily progress
of the bridge over Hell Gate? The only time we paid
attention to Panama was when the Canal was opened;
Hell Gate Bridge is not yet finished and has come in
for but little comment, and the only time we take
an acute interest in the Federal Treasury is when
tax-paying time rolls around. That being so, by what
stretch of the imagination can we expect the public
to work itself up into a fit of excitement because
some chemist has a new theory of solutions, or another
has discovered a new chemical which he burdens
with a baptismal appellation that exhausts all the
letters in the alphabet and then some, or still another
chemist has a new theory for the constitution of the
terpenes? The public, however, will give attention
to a new incandescent lamp that gives more light
for less money, to a water purification process that
really purifies, or to a new paint that stays put.

This being the situation, what are we going to do
about it? This is a problem that can profitably en-
gage the attention of each and every member of the
American Chemical Society. How shall he make
his thought bear fruit? At the Urbana meeting of
our Society a committee on publicity was appointed
to consider this very problem. Let each of our sec-
tions appoint a committee of one, two or three mem-
bers to act for the section in connection with and
under the direction of our parent society; when that
parent committee has determined, with the help of
sectional committees or otherwise, upon the course to
pursue, then let all the members of each section and
each sectional committee pitch in with a will and
make that plan a success; with 49 publicity centers
in 32 states of the Union and the District of Colum-
bia, beneficial results ought to be forthcoming. But
in this connection we too must bear in mind that
progress will not only be difficult but also distressingly
slow. We must not expect too much in a hurry and
we must not lose heart.

RESPONSIBILITY TO PUBLIC OFFICIALS

Our second responsibility is to those who make our
laws and shape our public policies. Questions of this
kind involve so many elements that generally a dog-
matic or categorical answer cannot be given; more
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often than not the answers are of necessity compromises
and hence embrace both advantage and disadvan-
tage. The best that our lawmakers and our public
officials can hope to accomplish under those circum-
stances, and the most we should expect of them,
is to select that course out of the large number usually
possible, where the preponderance of advantage to
the community or to the country is the largest. It
is out of reason to expect no disadvantage at all. That
being so, it is our privilege and our responsibility to
see to it that in cases involving chemistry all the
elements needful to the determining of the correct
location of that preponderance are properly placed
before those whose duty it is to decide and determine
such questions for us. In such presentation of ele-
ments we should, to the very best of our ability,
present every essential fact or consideration regard-
less of our own individual political or economic be-
liefs. Determining facts is one thing; drawing conclu-
sions from facts or basing laws or public policy upon
facts, is quite another thing; correct conclusions and
correct public policies cannot be reached or arrived
at if the underlying facts be wrong or incomplete in
any essential. However much latitude we each and
all of us do have and take in drawing our own conclu-
sions from facts, that latitude ceases absolutely and
instantly the moment we presume to present facts;
facts are not always agreeable to ascertain or to state,
but they are absolutely essential to a correct answer.
No legislation and no public policy can be better
than the reasoning which led to them, and this reason-
ing can be no better than the facts upon which it
was based. A statement of facts is essential to all
good legislation and all good public policy; such state-
ment is not always easy to make, but it is always .a
distinctly worth-while thing to provide.

RESPONSIBILITY TO BUSINESS OF THE NATION

Our third responsibility is to the business of the
nation. It is our duty to produce as many things
in this country, from other things in or out of this
country, as commercial conditions make possible.
That we are doing so and have been doing so to the
best of our ability and information is true beyond
question. The one weak point in our armor is our
information; that is reasonably complete as to pro-
duction within the country, but it is unreasonably,
unpardonably and woefully incomplete as to our
business with other nations. European govern-
ments disseminate information better adapted and
more useful to their own chemical industrials than
does our own Government. Yet our Government
is not to be blamed. It has done things in its own
way and since we have not told the Government
that we want and need better service and have not
suggested how such better service could be obtained,
why blame Washington? We ourselves are to blame
and we should face the situation. The remedy is
absolutely and wholly in our own hands, and it has
been indifference, lack of time, or sheer indisposition
to labor, that has kept us from telling Washington
what we should have, in such a way as to make it
clear that we really know what we want and are in
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substantial agreement as to the remedy. Let no one
think that it will be easy to get together a list of
items that will satisfy the makers of and dealers in
the products of and for our industry. Each member
of the Central Committee appointed by the American
Chemical Sociely at the Seattle Meeting in September
of last year will have to be prepared to sacrifice two
hundred or more hours of real hard labor to complete
his share in the work; his work can be no better than
the work of the various sections of the American Chem-
ical Society, and when in next September these various
sections get their allotments of work, as sent to them
from that Central Committee, they will have to take
their coats off in earnest and work hard to see to it
that each have all their suggestions in on time. This
word of warning of an impending avalanche of labor
is given thus early that there may be no avoidable
obstacle to.prompt disposition of the work assigned.
The Central Committee cannot get down to business
until the sections have finished. When normal use
of international trade channels is available, the in-
formation proposed to be asked for will be of the
greatest help in preventing products of foreign make,
and which can be made in this country, from gaining
such a foothold that sudden drying-up of foreign
sources of supply can seriously affect us. But this
information when available will largely fail of its pur-
pose if our makers of chemicals do not cut loose from
the traditions of the past that have enchained sub-
stantially all our manufacturers of all kinds—namely,
a sort of contempt for small outputs or tonnages. To
be able to make a large number of different things,
each of relatively small annual tonnage, or even
poundage, is quite as essential to our national busi-
ness life, as is ability to make large annual amounts
of relatively few things. Times have changed and we
will have to change with them. Also our industrials
of all kinds, inclusive of our chemical industries, will
have to learn that quality and price do count, and
that there is no brand of patriotism that will, for long,
withstand the lure of a profit. With individuals,
patriotism is said to stop at the stomach; with business
it may similarly be said to stop at the pocket-nerve.

. far beyond their just share.
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RESPONSIBILITY TO EDUCATIONAL INSTITUTIONS
Our fourth responsibility is to our educational in-
stitutions. It is inconceivable that in the wealth
of information and in the large ability of our uni-
versity men there is not more opportunity for efficient,
effective and valuable codperation between them
and our chemical industrials for the benefit of the
nation. It is a knotty problem, there is no denying it,
but the prospects of results of almost incalculable,
potential national value seem so reasonable that it
is worthy of the most serious attention of every chem-
ist, be he university man, technical man, merchant
or banker. :
RESPONSIBILITY TO AMERICAN CHEMICAL SOCIETY
Our fifth responsibility, and the last I shall touch
upon in this paper, but by no means the last of our re-
sponsibilities, is to the American Chemical Society
itself. Our Society places on our desks four times
each month publications which can challenge com-
parison with any similar publications in the world
and can come out of such comparison with credit to
themselves and honor to the American chemical
profession; this is done at an annual cost to each mem-
ber of about two-thirds the cost of the same service
abroad. How is it done? The most of us take these
publications as a matter of course, but we are indebted
for these magnificent results to an untiring devotion,
the unstinting labor, and the most generous loyalty
of a relatively small number of our fellow-members;
they give of their time, their strength and their ability
~ Take love of labor and
pride of profession out of the make-up of these men,
and the quality and amount of their work would drop
to such a point that the net result would not be credit-
able to us nor to our country. The real hard work
of the American Chemical Society is performed sub-
stantially as a labor of love; that condition ought not
be permitted to last one instant longer than it requires
to remedy it. We will be asked in September next
to provide the remedy. Let us not fail the American
Chemical Society! She has served us and our country
welll B. C. HESSE

25 BrROAD STREET, NEW YoOrk CiTy
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THE THERMAL DECOMPOSITION OF THE PROPANE-
BUTANE FRACTION FROM NATURAL GAS
CONDENSATE
By J. E. ZANETTI
Received June 10, 1916

Practically every fraction of petroleum and many of
its individual constituents, from natural gas to the
residues from the distillation of crude petroleum have
been submitted to decomposition at high temperatures,
so-called ‘‘cracking,” with one notable exception:
the fraction which contains propane and the butanes.
The reason is not far to seek; it has not been until the
last few years that the separation of this fraction from
“‘wet” natural gas! and its use as a commercial product

! For description of this process of separation and analyses of various
fractions see U. S. Bureau of Mines, Bull. 88 and Tech. Paper No. 10.

under the name of ‘liquid gas,” ‘‘gasol,” etc., has
become of commercial importance.

This fraction, which condenses along with the lower
boiling pentanes, is usually allowed to escape in the
air in the process of “ripening” and is the so-called
“‘wild gasoline’’ which, because of its low boiling point,
is useless for the purposes of ‘“‘blending’ with refinery
naphthas. In some places, by further compression
of the “wet gas” after the first gasoline condensate
has been formed, this fraction is condensed together
with ethane and put up in steel cylinders for use as
an illuminant or for welding with oxygen.

For the study of the decomposition products, the
“pyrogenetic reactions’” of hydrocarbons, this frac-
tion furnishes a very satisfactory material. Being
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a gas at ordinary temperatures its rate of flow through
a heating chamber can be regulated with nicety, no
previous vaporizer is necessary as with higher boiling
fractions, the formation of lower unsaturated com-
pounds by splitting off of hydrogen as well as con-
densation of these to aromatics are exhibited, and
finally, the products formed, ouiside the aromatics, are
gases, and any undecomposed propane or butane passes off
thus preventing the necessity of separating the aromatic
from the undecomposed aliphatic, as is the case with
higher boiling fractions.

The above reasons as well as the fact that this
fraction constitutes mostly a waste product have led
the writer to start a study of its decomposition products
with a view to its possible utilization in other ways
than as a lighting material.

A careful search of the literature has failed to
furnish any work that has been published on the de-
composition of propane or butane. Even Beilstein,
that can usually furnish reference to the products
obtained by passing vapors of almost any organic
compound through ‘““a red hot tube,” furnishes no light
on the subject.

The plan of the work consisted in:

1—The determination of the composition of- the
“cracked’” gases with respect to ‘“unsaturated” and

~hydrogen formation.

2—The determination of the amounts of tar formed
(aromatics) and its composition.

3—The composition of the unsaturated.

4—The influence of catalyzers.

One difficulty arises with the investigation of the

butane-propane fraction: being put up in a cylinder
under pressure, on releasing it we have the reverse
of ordinary distillation, the temperature being kept
constant in this case, while the pressure changes.
- Under these circumstances the lower boiling fraction
comes off first, the composition of the gas altering as
the pressure drops. For this reason one must work
within certain pressures in order not to change the
composition of the gas between too wide limits. The
pressure dropped .5 lbs. during the duration of
these experiments and the percentage of butane rose,
as one would expect. No appreciable difference
could be noted either in the “unsaturated’” or the hy-
drogen content, but the amount of tar increased some-
what with the increase of butane.

The apparatus employed! consisted merely of a
heating chamber, the temperature of which could be
accurately controlled, a coil to cool the gases and finally
a device to settle the tar “fog.”” All who have worked
with the decomposition of hydrocarbons at high tem-
perature are familiar with the finely divided condi-
tion in which the liquid products deposit on cooling
the gas, the so-called tar ‘“fog.” By far the largest
proportion of the tar remains in suspension in this
finely divided condition and requires considerable
time for settling. On a large scale, as in gas manu-
facture, this ‘fog’” is removed by various forms of
scrubbers, but the writer is not aware of any device
for use on a small scale.

1 For full details see experimental part.
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After many unsuccessful attempts to remove this
“fog” by filtering the gases through numerous layers of
glass wool the principle of a well-known patent! was
finally adopted. This was the deposition of these
finely divided particles passing the gases from the fur-
nace between two conducting plates maintained at
a high difference of potential. The results were
very successful and whereas only a few drops of tar
were obtained per cu. ft. of gas by relying solely on
condensation, as much as 1o cc. per cu. ft. of gas were
obtained by electrical deposition. There is, of course,
no novelty in this device but it is surprising that it
has not been employed before in small scale experi-
mentation. The fact that almost all previous work
on hydrocarbon decomposition on a small scale
has failed to take into account this carrying off of most
of the tar in finely divided form by the gas stream may
necessitate some revision of earlier work. Thus
Norton and Andrews,? without any tar depositing,
passed the gases from the decomposition of hexane,
iso-hexane and pentane through bromine for ab-
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sorption of the unsaturated, and obtained only a
qualitative test for benzol with no mention of higher
aromatics; they obtained no benzol from pentane.
Haber® obtained by the decomposition of hexane
‘““a little benzene.” In view of the writer’s experience
with and without a tar-settling device, and taking into
consideration that the higher hydrocarbons of pe-
troleum distillates yield considerable benzol as well
as toluol and higher aromatic homologues,! as well
as the additional fact that the lower hydrocarbons
investigated also give the same aromatics, it seems
very unlikely that these few intermediate hydrocarbons
should not, and the question should remain an open
one, at least until the deposition of the tar ‘“fog”
should prove it otherwise.

The results of the decomposition of the gas at
various temperatures are plotted in Fig. I. The rate
of flow through the heating apparatus was kept con-
stant throughout all these experiments, being main-
tained at o.45 cu. ft. per hr. This rate was chosen

1 See F. G. Cottrell, THIS JOURNAL, 3 (1911), 542.

2 Am. Chem. J., 8, 1.

3 Ber., 29, 2691.

¢ For a very complete review of the literature on this subject see Egloff
and Twomey, Jour. Phys. Chem., 20 (1916), 121.
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as being sufficiently slow to permit the gases to be
heated to the high temperature. The per cent of
“unsaturated’”’ increases gradually till a maximum
is reached in the neighborhood of 750°. Beyond 7350°,
when the aromatic formation begins, the “‘unsaturated”

decrease and become practically nil near 1000°.
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AS CATALYZER

The hydrogen curve rises slowly at first but more

rapidly as the point of aromatic formation is reached.

The nature of the “unsaturated’” was determined by

passing the gases through bromine and fractionating

the bromides. The ‘“‘unsaturated’ consisted of a mix-
ture of hydrocarbons in which ethylene predominated;
propylene was also doubtless present but owing to
the small amount it could not be separated by frac-
tional distillation of the bromides. Butenes, how-
ever, were present, as tetrabromobutane was isolated
from the mixed bromides. The presence of butenes,
whose identification is an easy matter owing to tetra-
bromobutane being a solid and readily purified by crys-
tallization, has been reported before as a decomposi-
tion product of the lower hydrocarbons.!

Benzol, toluol, and naphthalene were shown to be
present in the tar. In the intermediate fractions other
homologues are doubtless present, but owing to the
small amount of material could not be isolated.

It is interesting to mnote that aromatic formation has
taken place here from hydrocarbons of lower carbon con-
tent than benzene and that the formation of aromatics is
coincident with a lowering of the content of ‘“‘unsaturated,”’
the principal constituent of which is ethylene.

By using copper as a catalyzer a curve of the same
nature is obtained as may be seen in Fig. II. The
aromatic formation takes place at the same tem-
perature and the amounts at the rate of o.43 cu. ft.
per hr. are the same.

The use of iron as catalyzer gives an altogether
different result (Fig. III). The ‘“‘unsaturated’” content
dropssuddenly at about 725° and the hydrogen rises very
rapidly. Coincident with these changes is the copious
deposition of finely divided carbon. There is no tar
formation noticeable beyond a very slight amount of
bluish ‘‘fog.”’ It 4s of interest to note the rapidity
with which the reaction forming carbon and hydrogen
15 catalyzed above 725° Below that temperature
the decomposition of the gas proceeds in much the

1 Norton and Andrews, Loc. cit., p. 8.
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same manner as in the two previous cases with the
exception that the unsaturated content is slightly lower
and that the maximum is reached at about 725°
instead of 750° There can be no question of simple
surface action. Copper and iron gauzes of the same
mesh, cut into equal sizes, were used in both cases and
the reésults are so widely different as to leave no doubt
that we are dealing here with a specific catalytic action.

With nickel as catalyzer the results were even more
divergent from *he decomposition curve of the gas
without catalyzer. Here there was practically no
“unsaturated” formed, the highest per cent being 4.9
at 630° whereas the hydrogen per cent rose suddenly
between 340 and 380° till a maximum of 83.2 per
cent was reached at 700°; above that temperature
no readings could be taken as the carbon deposited
plugged up the tube in a few minutes. No curve is
plotted for the decomposition with nickel as catalyzer
but the results are given in Table II. The forma-
tion of hydrogen increases so rapidly and is so much
affected by such slight changes as a slight diminution
or increase in temperature as well as the deposition
of carbon on the catalyzer that no curve could be
drawn through the points obtained though they indi-
cate-a rapid decomposition rate. The results obtained
are similar to those of Buganadse! who by passing
crude Russian petroleum over nickel obtained a gas
analyzing 72 to 75 per cent hydrogen.

: EXPERIMENTAL

MATERIAL—The material used was so-called ‘liquid
gas’” bought in the market in a steel cylinder under
1oo lbs. pressure. It was obtained by condensation
from natural gas. The pressure quickly dropped to
42 lbs. where it maintained itself for a considerable
time, falling to 37 towards the end of the experiments
presented. At the beginning of this work the analysis
of the gas by explosion with about nine volumes of
oxygen gave results that indicated it to be composed
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of propane with 3 per cent butane. Towards the end
the proportion of butane increased considerably  as
would be expected from the decrease in pressure.
The results of the analyses are shown in Table I.
It is to be noted that the proportion of CO, increases
with time, being always higher than that required for

1 J. Russ. Phys. Chem. Soc., 1910, 195; see also Brooks, Bacon, Padgett
and Humphrey, THis JourNar, 7 (1915), 182.
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pure propane, but never reaching that required by a mix-

ture that would contain more than 20 per cent butane.
TABLE I—ANALYSES OF GAS DURING COURSE OF EXPERIMENTS

TIME SAMPLED: FirsT WEEK Eicatn WEEK
* SAMPLE No.: IT 111 I I II1

Gas Sample, ce..... 9.0 943 9.4 10.1 10.2 9.8
Contraction, cc..... 30 7 30.7 31.0 33.2 32.6 31.3
Volume COs, cc ... 30.2 30.6 30.7 34.0 33.4 32.1
The gas showed no ‘‘unsaturated’” when these

‘ were determined by shaking with bromine water.

When shaken with fuming sulfuric in a gas pipette
for the customary 3 min. a decrease in volume
of 3 to 4 per cent took place. As it was shown later
that this difference between the absorption by bromine
and by fuming sulfuric decreased as gases that came
from a higher and higher temperature were analyzed,
it was evident that this absorption was due to the di-
rect absorption of the propane and butane by the fum-
ing acid. The gas showed no CO; or hydrogen.
APPARATUS—The apparatus used is shown diagram-
matically in Fig. IV. Since the pressure used was at-
mospheric, the gas was released from the cylinder into a
gas holder and then passed through a meter graduated
to 1/1000 of a cu. ft. and provided with a water gauge.
The gas passed through two tall drying towers filled
with granulated calcium chloride and then into the
heating chamber, which consisted of a quartz tube

House Current
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were led in through the middle openings, the end of
the copper coil reaching just below the rubber stopper:
they passed out through one of the side openings, the
exit tube reaching to within /s in. of the bottom of
the bottle. In front of this exit tube was a copper
plate connected by means of a fine wire to one pole
of an induction coil. Through the opposite opening
passed a carefully insulated wire attached to another
copper plate or a piece of copper gauze and connected
to the other pole of the induction coil. The gases
coming from the cooling coil had then to pass between
the two plates before passing out, and if a sufficient
difference of potential was maintained between the
two plates the ““fog’ completely settled in the bottle,
the gases passing out perfectly clean. The difference
of potential sufficient for these experiments was fur-
nished by an induction coil powerful enough to give
a 2-in. spark, the current being supplied by a set of six
storage cells.” This tar separator was also kept im-
mersed in ice water throughout the duration of a
determination, the object being to keep the vapor pres-
sure of the tar as low as possible.
The samples for analysis were taken at the exit of

the tar separator. When samples were not being taken,
a water trap was placed at this exit to prevent air
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F16. IV—APPARATUS USED FOR CRACKING “LiQuin Gas”

2—Gas Holder 3—Meter

8—Tar-Settling Chamber

1—Gas Cylinder
7—Cooling Coil

30 in. long, 3/; in. internal diameter, glazed on the
inside, heated in an electric furnace capable of giving
a temperature of 1200° C. . The current was controlled
by means of a rheostat and the temperature determined
by means of a platinum-platinum-iridium thermo-
couple attached to a millivoltmeter carefully stand-
ardized. By means of the rheostat the temperature
could be controlled within 3°. Corrections were made
from the temperature read off on the millivoltmeter
by reference to a correction curve. These varied from
20 to 26° in the range of temperatures employed.
After passing through the heating chamber the gases
were led through a copper coil made of 3 ft. of !/s-in.
copper pipe. This coil was kept immersed in ice
water throughout the duration of a determination.
But little tar condensed in the coil, most of it passing
along with the gases in the form of a fine “fog.” To
remove this “fog’”’ the gases were passed into a 250 cc.
Woulfe bottle provided with three openings. The gases

9—Induction Coil

4,5—Drying Towers 6—Heating Apparatus

10—Storage Battery

from passing into the apparatus. When the gases were
being absorbed in bromine for the determinaticn of the
nature of the ‘“‘unsaturated, ’a gas-washing bottle with
bromine and water was placed beyond the water trap.

The catalyzers were copper, iron and nickel, 4o-
mesh wire gauzes cut into uniform sizes 12 in. X 4 in.
and rolled so as to fit the quartz tube snugly: These
rolls were pushed into the tube far enough so that
they would be entirely within the heated area. Copper
wool, copper and iron filings were also used, but for
the sake of uniformity only the gauzes were used in
the experiments presented.

PROCEDURE—The modus operandi was as follows:
The gas was led through the meter at a measured rate,
in the case of these experiments the rate being o.45
cu. ft. per hr. The rate was determined with a stop
watch, the flow of gas being adjusted by slightly open-
ing or shutting the intake cock of the meter. The
gas was passed through the cold apparatus to remove
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TABLE II—ANALYSES OF GASEOUS PrRODUCTS OBTAINED WITH AND WITHOUT CATALYZERS

CoPPER AS CATALYZER
Unsat- Hy-
Temp. urateds drogen
° C. Per cent Per cent

No CATALYZER
Unsat- Hy-
Temp. urateds drogen
° C. Per cent Per cent

600 8.9 625 15.0
650 25.7 13.0 650 16.9 6.8
700 35:9 10.9 700 28.4 919,
750 38.5 15.2 755 38.4 15.5
785 35.8 800 36.3 16.7
825 28.4 21.4 835 29.4
875 11.8 37.0 850 25.8 24.3
925 5.7 50.5 900 12.6 38.9
995 1.3 62.9 955 7.4 51.0
59 1010 3.2 61.0

the air and the furnace quickly brought up to the de-
sired temperature by putting the full current through
it. As the temperature was reached the current was
regulated so that the reading of the voltmeter cor-
responded with the desired temperature. The tem-
perature was closely watched during the experiment
and regulated by means of the rheostat. Once ad-
justed it kept fairly constant within 5°.  The gas
was then passed through the heated tube for half an
hour before a sample was taken for analysis. ‘This
time was found to be the minimum necessary to insure
concordant results. After the sample of gas had been
taken and while it was being analyzed, the temperature
was quickly brought up to the next point and the gas
passed through for another half hour before the next
sample was taken.

When catalyzers were being used it was found that
they rapidly became coated with carbon. This was
especially the case with nickel and iron; copper was
not so much affected. With iron the gauze could not
be used for more than an hour at temperatures below
700° or for much more than half an hour at higher
temperatures. Each point on the iron curve above 700°
had then to be determined with a fresh piece of gauze,
otherwise no concordant results could be obtained.
With nickel the deposition of carbon was so rapid above
700° that no determination could be made, as a wad of
carbon formed in a few minutes within one inch of the
heated gauze and effectively plugged up the tube.

GAS ANALYSIS—The gases were collected and analyzed
over water. For the absorption of the ‘‘unsaturated”’,
bromine water was used, since, as mentioned above,
fuming sulfuric absorbed some of the propane and

butane. The following are typical results:
L D ETAtUTE ot bt ar Slare oy saatoratate Room 650° 700° 750° 800°C.
Per cent absorbed by bromine..... 0.0 14.2 23,4 36.6 34.5
Additional per cent absorbed by

sulfuric acid e T et st 4.0 435021 0.3 0.1

These showed that as long as any undecomposed pro-
pane or butane was present some was absorbed by
the fuming sulfuric acid, and as the amount of these
decreased with increasing temperature, the amount
absorbed by the sulfuric acid decreased also. The
hydrogen was determined by combustion over copper
oxide at 275° C. The results of the analyses are shown
in Table II.

THE UNSATURATED—The gases coming between 8oo
and 850° were passed through bromine till the latter
became colorless. After drying, 40 cc. were distilled
fractionally in a small distilling flask. After four
fractionations the following fractions were obtained:
125-129°, § CC.; I20—I3I°, I2 CC.; I32—I42°, 6 cC.;
143—144°, 2 cc. Thick fumes of HBr came over above
145° so that the distillation was stopped. On standing,

Ni1ckEL AS CATALYZER
Unsat- Hy-

IRON AS CATALYZER
Unsat- Hy-

Temp. urateds drogen Temp. urateds drogen
© C. Per cent Per cent ° C. Per cent Per cent
580 523 510 0.0 0.4
630 12.2 253 540 2.1 4.6
675 24.8 3.8 580 3.0 45.8
725 34.5 1255 630 4.9 54.0
725 36.1 15.8 640 - 3.9 75.1
750 26.8 27.1 680 2.6 68.4
775 9.4 54.8 700 1.9 83.2
775 8.1 55.6
825 4.8 60.7
975 0.0 70.2

the residue in the flask solidified into a mass of dark
colored crystals. Drained from about 3 cc. of mother
liquor and crystallizing three times from alcohol they
crystallized in small, colorless prismatic needles melting
at 116°. ; .

The fraction 1209-131° gave a specific gravity of
2.30 at 20°. ;

AROMATICS—No aromatic formation was observed
below 700°. At that temperature the ‘“fog’ began
to make its appearance, at first of a bluish tinge, grow-
ing darker with increasing temperature till it became
dark brown at about 850°. The tar deposited between
800 and goo®, was dark in color and quite fluid. It
showed a specific gravity of 0.985t0 1.000. Above goo®
the tar became quite thick and on standing solidified.

The amount formed varied with the rate. If the
latter was 1 to 1!/» cu. ft. per hr. the amount varied
around 5 cc. per cu. ft. of gas. At therate of o0.45 cu.
ft. per hr. as much as 1o cc. per cu. ft. were obtained.

No tar formation was observed in the cases where
iron and nickel were used as catalyzers, whereas good
yields were obtained with copper. it

Thirty cc. of tar were distilled in a small flask and
the following fractions collected: 8o—125° 9.5 cc.;
125-173° 5.5 CC.; 175—200°, 3.cc. At 200° naphthalene
began to come over and solidified in the condenser.
On further fractionation 6 cc. were obtained below
100° and about 3 cc. between 103 and 110° These
fractions on nitration yielded nitrobenzol and 2,4-
dinitrotoluol, m. p. 69° C.

: SUMMARY

I—It has been shown that mixtures of propane and
butane are decomposed at high temperatures, giving
ethylene, butene and other lower unsaturated com-
pounds, hydrogen and aromatics.

II—The percentage of ‘unsaturated’” increases
with increasing temperatures to a maximum in the
neighborhood of 750° C., then decreases with increas-
ing temperatures. The percentage of hydrogen in-
creases with increasing temperatures. The aromatic
formation begins at about 750 and is coincident with
an increase of the rate of hydrogen formation.

III—The action of copper, iron and nickel as catal-
yzers has been studied. Iron and nickel prevent aro-
matic formation and favor the decomposition of the
hydrocarbons to free carbon and hydrogen.

IV—The electrical deposition of tar ‘“fog’ in gases
from high temperature decomposition has been found
to work very satisfactorily for small scale experiments.

Further work upon these topics is now in progress
in this laboratory. ' :

DEPARTMENT OF CHEMISTRY, COLUMBIA UNIVERSITY
NEw York Ciry
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AN INVESTIGATION OF COMPOSITION FLOORING!
By R. R. SuiveLy?
Received April 17, 1916

In 1867, Sorel® found that a very hard material
might be produced by mixing magnesia and a solution
of magnesium chloride and then allowing the mixture
to stand for some time. Sorel concluded that the
compound which was formed possessed the following
formula: MgCl,.5Mg0.12H,0, or MgClL.LOH.4Mg(OH),.
12H,O. The investigations of Sorel initiated con-
siderable inquiry, mostly by French and German
chemists, but there has been a diversity of opinion
regarding the exact composition of the product.t

During the past twenty-five years Sorel cement has
been extensively employed with success as a cementing
material for so-called ‘‘composition flooring.” Ac-
cording to European practice, the magnesia, mixed
with various ‘fillers,” such as sawdust, sand, terra
alba, infusorial earth or asbestos, and colored with
different inorganic colors, is made into a ‘‘mortar’’
by the addition of a solution of magnesium chloride;
the material is then applied to the floor and leveled,
and, after standing several hours, it is carefully trow-
eled. After 8 or 1o hrs. the cement sets and the sur-
face of the flooring is then usually treated with a coat
of oil, after which the composition is ready for use.

It has been found that suitable preparations of this
type make ideal compositions for floor, base, wain-
scot and stairs. When carefully prepared, the com-
position is permanent, fireproof and waterproof; and
it can be applied upon wood, concrete or iron, base
in a plastic form, giving a smooth, continuous surface.
The wainscot may also be made from the same ma-
terial, thus forming a perfect seal between the base
and wainscot and giving a floor devoid of cracks.
Any color shade may be produced with the exception
of pure white, and very attractive effects may be ob-
tained by using borders of different colors, a mosaic
design, or a narrow strip of another color around the
floor a short distance from the wall. Moreover, the
mixture is little affected by heat or cold, having a very
low heat conductivity, and the floor produced there-
from does not impart a feeling of coldness to the feet;
furthermore, its absorption of water is very small and it
is accepted by insurance companies as fireproof.

The composition is usually applied in two coats:
an under fibrous coat, about 5/16 in. thick, and an
upper coat containing less fiber, from 5/16 to 1/2
in. thick. The under fibrous coat imparts elasticity
to the material and renders the floor noiseless and
pleasant to the tread. In fact, this composition does
not give rise to the fatigue experienced from the use
of stone, cement, terrazo or other hard floors. Fur-
thermore, even when troweled to a very smooth surface,
this composition. does not produce a slippery floor.

! Presented at the Urbana Meeting of the A. C. S.. April 19, 1916.

2 This report presents the results of a part of the work done during
the author’s tenure of the “Hydrolith Fellowship” (September 21, 1911, to
March 1, 1913), Industrial Fellowship No. 8, at the Mellon Institute of
Industrial Research of the University of Pittsburgh. The investigation
was carried out under the direction of Dr. Raymond F. Bacon.

3 Compt. rend., 65 (1867), 102.

4 Bender (Z. anorg. Chem., 4, 644) assigned the formula MgCl:.5MgO.-
14H;0, or MgCl.9Mg0.24H:0; Davis (Chem. News, 25, 258) reported
lz\fgClmSl\IgO.ISHzO, while Krause (Ann., 165, 38) decided upon MgCls.-
SMgO.18H:0 as the correct formula. :

THE JOURNAL OF INDUSTRIAL :

IND ENGINEERING CHEMISTRY 670
These advantages, along with the facts that the com-
position costs less than tile, marble, etc., and that it
will outwear eight or ten applications of linoleum,
have made it a very popular floor material in Europe,
especially in Germany and England.

Composition flooring of the general type described
above was introduced into the United States a short
time after it came into favor abroad. American
manufacturers have, however, experienced considerable
difficulty in the use of Sorel cement. Some have at-
tributed this to the differences in the climatic:condi-
tions of Europe and America, the contention being
that the sudden changes of temperature encountered
in the United States are not experienced abroad,
particularly in England and Germany. Others have
expressed the opinion that the principal cause of the
failure in this country is attributable to the mixtures
employed: the assertion has been made that the mix-
tures in use here have been neither scientifically
nor even carefully prepared. Inasmuch as many of
the floors examined by the author are as perfect as
could be desired, he is inclined to favor the latter
explanation. If the trouble is due to the sudden
climatic changes, why should one floor be affected
and not another in the same locality?

In 1911—that is, at the time when the author be-
came interested in this field—in New York City alone
there were at least twenty firms engaged in the composi-
tion-flooring business, and the competition was very
keen indeed. All of the companies were cutting
prices in order to secure business and many of the firms
were putting down the cheapest mixtures which they
could conceive. In fact, everything possible was
being done to minimize the cost of the product, with-
out much regard for the requirements of a correctly
made mixture. The components of the mixtures
were weighed and mixed by ordinary laborers, so that
it was quite impossible for the mixtures to be of a
definite consistent composition. Consequently, all of
the manufacturers were experiencing decided trouble
with their floors. To illustrate, the color frequently
“‘went bad;”’ some floors would crack or bulge, and at
no time could they be assured of a satisfactory floor.
As a result, many floors had to be relaid. Then, too,
the cost of magnesite was constantly increasing,
labor costs were high, and the selling price was so low
that 'it was impossible to make a reasonable profit
out of the business.

At the time of this investigation, the red mixture
in use by the donors of the Hydrolith Fellowship

was supposed to contain:

Saw- Red Terra Infusoria
INGREDIENTS: Magnesite dust color Clay alba earth

Percentages 50 9 10 11 10 10

Some very good floors were made from this composi-
tion and again some could not have been worse. In
some cases the floors expanded, while in other cases
they contracted and cracked badly. Then, in certain
of the floors, the color faded decidedly, so that in a short
time the appearance became very unattractive.

. EXPERIMENTAL

The investigation conducted by the author at the

Mellon Institute of Industrial Research included
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overcoming the change in color, obviating the expan-
sion and contraction, and reducing the cost in any
legitimate way.

The first experiments carried out were for the de-
termination of the correct amount of magnesite and
magnesium chloride to be used, the effect of different
fillers, and the results of working samples in various
ways. Red colored mixtures were used in this series,
which consisted of rooo samples. All of the materials
entering into the compositions were carefully weighed,
made up into 500-g. samples and thoroughly mixed
before the addition of the magnesium chloride solu-
tion, the strength and amount of which were also
very accurately determined. 3

The results of this series of experiments showed
that with the fillers employed it was necessary to have
present not less than 8 or ¢ per cent of magnesium
chloride and from 20 to 30 per cent of commercial
magnesia. When an extremely hard and durable
flooring composition was desired, still larger amounts
were required. In samples where more than 1 part
of magnesium chloride was employed to 3 parts of
magnesia, there was always a tendency for the excess
of magnesium chloride to come to the surface.

In a number of experiments, terra alba was the only
filler employed with the exception of sawdust; in others
infusorial earth was used, while in still others clay
was the only filler besides sawdust. These tests were
carried out in parallel, 7. e., each day samples were
made containing the same percentage of magnesium
chloride and magnesite with the same percentage of each
of the different fillers. This was done for the purpose
of studying the relative effect of each filler and to ascer-
tain whether all acted in the same manner. The
only hnoticeable differences were in the samples in
which clay and infusorial earth were employed. Since
these substances are lighter than terra alba, it was
found that the samples covered more space than those
in which terra alba alone was used. It was also
learned that, on account of the greater bulk of these
substances, they hardened more slowly and invaria-
bly gave less hard samples than those in which terra
alba alone was employed.
hardened first, those containing infusorial earth next,
and the ones with clay last. Clay quite appreciably
retarded the settling of the cement.

Determinations were made of the least amount
of color- which could be used to obtain the desired
shade. Varying amounts of Venetian red were em-
ployed, and it was ascertained that 1o to 12 per cent
were necessary. Determinations were also made of
the greatest amount of sawdust which could be used
to obtain a floor which would not be liable to expand
or contract and would yet be of sufficient hardness.
It was found that samples containing 6 to 8 per cent
of sawdust were very hard and did not impart the
proper resistance or elasticity to the floor; but that
samples with 1o to 12 per cent, according to the other
fillers used, were very satisfactory. Samples con-
taining a higher percentage of sawdust hardened very
slowly and those with from 16 to 20 per cent of this
material were always quite soft after drying. It was
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found, however, that this large amount of sawdust
could be used with advantage in the under fibrous coat.

Following the completion of this preliminary work,
the author superintended the laying of a floor of 550
sq. ft., following the formula which had given the
best results in the laboratory experiments, the com-
position being:

INGREDIENTS: Magnesium Mag- Saw- Red Terra
chloride nesia dust color Clay alba
Percentages..... 10 40 10 12 20 8

The materials were carefully weighed and thoroughly
mixed, the dry mixture was then incorporated with the
calculated amount of magnesium chloride solution and
water was added until the proper consistency was at-
tained. The mixing was continued until all lumps had
disappeared and the mixture was then applied over
metallic laths. It hardened slowly, but, when hard, it
gave a perfect floor which exhibited no physical changes
after the expiration of 6 months.

A second series of experiments was taken up in order
to determine the effect of different fillers upon the
hardness, color and surface of the floor and the effect
of various combinations of fillers. It was thought
that such an investigation would supply information
which would enable one to select the materials giving
best results, and that if there was no difference in the
results obtained by the employment of various fillers,
the cheapest thereof could be selected.

It was found that in samples containing small
percentages of magnesium chloride and oxide, the
hardening occurred much more slowly than when a
greater percentage of the actual cementing material
was used. In samples containing high percentages
of terra alba, infusorial earth or clay, the difference
in the time of setting was quite noticeable: without
exception, the samples containing terra alba hardened
first, those containing infusorial earth next, and those
filled with clay last. In samples with higher per-
centages of cement, this difference was not so pro-
nounced, but still it could be observed. - In all experi-
ments wherein these ingredients were added as the
only mineral filler, the terra alba samples were hard-
est, and there was little, if any, difference between
It is, of
course, a question as to whether this hardness will
cause a floor to wear longer than a floor with more
resilience which gives, rather than wears. If, how-
ever, such hardness is desirable, it can be attained
by using greater percentages of cement with the clay
and infusorial earth. In none of the samples could
any apparent objection be found to any of the fillers
in reference to their effect on the surface. All samples,
whether containing but one filler or all three, appeared
to give the same finish. It was found, however, that
when the samples contained a large percentage of clay
or infusorial earth, it was necessary to use more color.

Regarding the amount of magnesite and magnesium
chloride necessary, the results of this series of experi-
ments showed clearly that never more than 4o per
cent of magnesite or 12 per cent of magnesium chloride
could be employed. In tests where more than these
percentages were used, a very hard floor was obtained,
whereas the smaller amount gave a sufficiently hard.
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composition. The only samples in this series of ex-
periments which showed a tendency to develop phys-
ical defects were those which contained high per-
centages of magnesite and magnesium chloride. In
every case when the percentage of magnesium chloride
was more than one-third that of the magnesite, there was
a tendency for the excess chloride to come to the surface.

In a third series of experiments an effort was made
to study the relation of the mass of composition to
the volume of magnesium chloride solution sufficient
to make a mixture of the proper consistency for lay-
ing. This was considered important, since, in pre-
paring the mixture, the workmen invariably used a
sufficient amount of magnesium chloride solution
of a certain degree Baumé regardless of the actual
magnesium chloride contained therein. For exam-
ple, it was customary to use a 21° Bé. solution in
summer and an 18° Bé. solution in winter.
ingly, solutions of these strengths were used in the
experiments. The solid constituents of the mixture
were made up to 250 g. and to these samples enough
magnesium chloride solution was added to obtain
' the proper consistency for laying. From the amount
of solution required, the actual weight of the magne-
sium chloride used was calculated, and from this the
percentage of magnesium chloride in the finished prod-
uct was computed.

The average amount of magnesium chloride solu-
tion required for 32 samples of this composition was
178 cc. with a maximum of 225 cc. and a minimum
of 160 cc. The average amount of magnesium chlo-
ride added in peér cent was 11.1 for the 18° Bé. solution
and 13.3 for the 21° Bé. solution. The maximum

percentage required for the 18° B¢. solution was
13.8 and the minimum 10.2. It was found that

mixtures containing a large amount of clay or saw-
dust required enough of the magnesium chloride solu-
tion in mixing to bring the percentage of magnesium
chloride above the 1: 3 limit; in such samples it was
found that there was always a tendency of the floor
to warp on standing.

These experiments demonstrated that, in order to
obtain the best results, the strength of the magnesium
chloride solution should be known and just sufficient
of it should be added to secure the correct percentage
of magnesium chloride with enough additional water
to obtain the proper consistency.

In connection with the third series of experiments,
slate was used as the coloring material, but it was
found-to give very uncertain results. Talc was also
tried as a filler and it was found that, when used in
moderate amounts, it aided greatly in giving the
floor a luster when properly troweled; moreover,
the tests showed that it slightly decreased the absorp-
tion of the material. When too much talc is used,
however, it constantly comes to the surface, especially
after the sample is washed and allowed to dry slowly.

Some experiments which were made to determine the-

largest amount of sawdust that could be used. showed
that the greatest that could be safely and successfully
employed was 13 per cent. In these samples, it was
necessary not to have an excess of magnesium chloride,
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for bad warping occurred when too much was used.
Sand was also experimented with as a filler and it
was found that a very hard composition resulted
with a large percentage of sand. While it is difficult
to obtain sand of such fineness as to permit of the pro-
duction of a very smooth surface, it aids in producing
a hard durable floor.

The results of ten other experimental series may
be briefly noted. Efforts to find a substitute for
Venetian red established the fact that while hematite
of desired color would cost, when using 235 per cent
of color, at least two-thirds as much as Venetian
red, the color obtained was one that did not meet
with general approval and twice as much was re-
quired to produce the same color intensity as that
imparted by the prepared color. In connection with
reducing the cost of the color, about 30 samples were
made in which aniline dyes were used: none of these
retained their color for any length of time.

In one series in which varying amounts of sawdust
and asbestos were used, it was found that when used
in too great quantities, asbestos interfered somewhat
with the troweling; the results obtained indicated
that not more than 5 per cent of asbestos should be
employed, since greater amounts interfered with the
production of a good surface.

A series of experiments was carried out for the pur-
pose of studying the effect of adding oil to the com-
position and then comparing the absorption of sam-
ples made from different fillers. The samples were
all made on the same day and an attempt was made to
trowel each sample in the same manner. In the
samples in which oil was used, the oil was thoroughly
mixed therewith, and then these samples were brought
to the proper consistency by the use of a calculated
amount of concentrated magnesium chloride solu-
tion and water. The samples were allowed to stand
one week and then a part of each sample was used
for an absorption test. The samples were weighed,
immersed in water for 24 hrs., and reweighed. These
samples were then placed aside for 4 mos., weighed,
immersed in water, and then reweighed. The absorp-
tion was not proportional to the amount of oil used,
but, after the samples had stood for some time, they
all absorbed more water, with the exception of those
in’ which linseed oil was used. These showed no
indication of oil on the surface, while those in which hard
mineral oil was used possessed an oily appearance.
The results indicated that the magnesium linoleate
acted as a binder between the particles, thus lowering
the absorption. The samples in which a small amount
of oil was used were sufficiently hard; but, when a
large amount of oil was employed, several months of
standing were necessary for the samples to become satis-
factory in this respect. The samples without oil faded
badly after the absorption test, while little change
could be observed in the color of the samples which
contained oil. Invariably, the samples containing
oil set more slowly.

Experiments were conducted with the object of
reducing the cost of the composition by employing
other materials with reduced amounts of magnesite.
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Portland cement-magnesite mixtures had a bad
color, absorbed ‘a large amount of water and shrank
on drying; in general, they resembled more closely
the cement than the composition floors. Plaster of
Paris gave compositions which dusted badly, lacked
hardness, and set too quickly. Likewise, gypsum
which had been heated to 400° C. gave samples which
set too quickly and were no harder than.the samples
made from ordinary plaster of Paris. . Samples’ pre-
pared with the addition of a cement made of molecu-
lar quantities of magnesia, magnesium sulfate and

plaster of Paris, said to form a white, quick-setting

strong cement, also set quite quickly and were very
hard, but the material rubbed off easily.

In the effort to find the material which would
be a suitable binder for fillers or one that could well
be used as a surface material, a number of experiments
were made with asphalt, “Redmanite,”’ gelatin-glycerol
mixtures, ‘“Galalith,” viscose and vegetable resins. No
results of commercial importance were obtained.

Finally, it may be mentioned that in 1912 a sec-
tion of a floor, 12 ft. by 16 ft., was laid in a factory
room which was in constant use; this floor was put
down in the center of the room and was subjected
to a great deal of wear. It was scrubbed every day
with alkaline cleansing material and hot water. At
the end of 7 mos. the floor was reported to be en-
tirely set and as good as terrazo. Further experience
warranted the conclusion that the flooring, the com-
position of which was identical with that laid in 1911,
noted above, was more desirable than a floor con-
structed from a hard, nonpliable, highly conductive
substance like terrazo.

PRACTICAL CONCLUSIONS

The successful working of composition flooring of
the type considered does not depend entirely upon
the chemical composition, but also upon the mechanical
manipulation. The exercise of constant care is neces-
sary in laying the floor and consequently only skilled
workmen should be employed in practice; in particu-
lar, composition flooring should not be over-troweled,
and the necessary precautions should always'be taken
in laying floors over surfaces which are subjected to
heat. The composition should be dependent upon
the uses to which the floor is to be put; but a formula
is given which, when suitably modified along the lines
indicated and expertly used, will comply with the con-
ditions usually encountered in practice.

MELLON INSTITUTE OF INDUSTRIAL RESEARCH
PITTSBURGH

EMULSIFIED OR CUT PETROLEUM
By Cnarres K. Francis
Received April 25, 1916

A large quantity of, emulsified or ‘‘cut’ oil is pro-
duced from many wells in the Cushing pool of Okla-
homa. Some of the pipe lines have refused to accept
this oil claiming that it contains too much sediment
which does not separate well on standing, and the
refineries complain that it has a bad action on the
stills.

It is the author’s intention to present part of the
_ details of an investigation which was undertaken

‘
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for the purpose of determining the nature of these
emulsified oils and to suggest methods for properly
treating them.

The oil selected for special study was produced
from the Bartlesville sand and had a specific gravity
of 0.8279 (39.1° Bé.). After 1o min. in the centri-
fuge, which made 1450 r. p. m., the total residue ap-
peared to be 1.6 per cent. Subsequent examinations
proved that this residue contained but a very small
amount of solid matter, the larger part being water.
The solid substance consisted of minute particles
which, when measured under the microscope, were
found to vary from !/40 mm. to !/»p mm. in diameter,
or from 98 millionths to 19 ten-thousandths of an inch.

A portion of the oil was filtered and washed with
casing head gasoline, gravity 84° B¢é. This treat-
ment left an insoluble .residue, equivalent to o.505
per cent, consisting of o.277 per cent nonvolatile
mineral matter and o.228 per cent organic and volatile

substances.
ANALYSIS OF RESIDUE FrROM Cur OIL FROM THE BARTLESVILLE SAND

SUBSTANCE Per cent Based on
Residue (o]}

Sand il iR 2.69 0.007
GypsumSLiuisunis 13:35 0.037
Calcium chloride. .. 7.60 0.019
, Magnesium chloride.....  0.91 0.002
Salt RS S e s 75.45 0.209
{Total SHNMREREG S 100.00 0.274

There is but a trace, less than o.5 per cent, of water
in this oil, so the quantity of salts present is more
than sufficient to saturate it.

The common method for testing an oil for suspended
matter, at the well or while in the stock tank, is to
placé some of it on a piece of glass and then look through
it while holding it to the light. An experienced
gauger can by means of this simple method quite
accurately estimate the quality of an ordinary oil,
but the test gives no positive information concerning
the nature of any sediment which may be detected.
Sometimes particles of water and gas may be thought
to be mineral matter; indeed, such mixtures often
have the appearance of suspended mineral matter.
Oils holding water and gas in suspension soon settle,
whereas oils truly cut or emulsified have been allowed
to stand for weeks without clearing satisfactorily.

The nature of any substance held in suspension in
petroleum may be quickly determined by means of
a microscope. Good oils are represented in Figs.
I and II—the predominating objects are water and
gas; but, under the same magnification of the micro-
scope, a cut oil, that is, emulsified, will appear as
shown in Figs. IIT and IV. The mineral matter in
these oils is chiefly common salt. In Fig. V several
of the more prominent crystals of this substance are
indicated by an X beneath. This photograph illus-
trates how the material shown in Fig. IIT changed
through evaporation while exposed to the air for a
few minutes, and brings out the character of the mineral
matter. -In the lower right-hand corner of the photo-
graph a crystal of salt may be seen encased in a globule
of water. :

The analysis and the microscopical examinafion
confirm each other as to the nature of the solid material
present in this oil. The amount of mineral residue,
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o.2 per cent, is surprisingly small when compared
with the 1.6 per cent found by means of the centri-
fuge, which is so extensively used for making this
test. A residue of o.2 per cent would not be sufficient
to cause the oil to be rejected by the average gauger
representing the pipe line, but .the chemical properties
of the salts are very serious if their behavior when

Fic. I X 83

heated is considered. The well-known action of
chlorides, especially magnesium chloride, in boiler
waters may be used to illustrate this:

MgCl, + H,O = MgO + 2HCI
Hydrochloric acid (HCl) may be formed in the same
way, certainly to some extent, when calcium chloride
is heated. The scale forming and corrosive action

Frc. IIT X 83
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Many experiments have been made to devise a
method which will cause emulsified petroleum to sep-
arate. A patented process has been described! by
A. T. Beasley which is being used in California, con-
sisting of a combination of electricity and hot water.
“The action of the electricity is to create a very strong
electrostatic field in which the infinitely small particles

F16. II X 372

of water will be formed into chains from electrode
to electrode. If the voltage be sufficiently high the
fine films of nonconducting oil between the water
particles will be punctured, bringing the entire chain
together in the form of one comparatively large drop.
This drop is now free water and is deposited.” The
system is composed of three units—a water trap,

Fi16. IV X 372

EMULSIFIED OIL—SHOWING WATER AND MINERAL MATTER

of the group of salts reported in the analysis has often
been a grave matter in steam boilers; so then, oils
containing them would in a short time seriously
injure the condensing tubes and the stills in the re-
finery. On a basis of 4000 bbls. of oil treated each
day, the amount of salt accumulating daily would be
2400 1bs., about 240 lbs. of calcium chloride and 24
Ibs. of magnesium chloride.

an electrical treater, and an automatic oil and water
separator. The oil in the treater is maintained at
a temperature, which may vary with the viscosity of
the oil and the weather conditions, by means of a
steam coil. No doubt the heat has much to do with
the breaking down of the oil globule when this method
is used. ;
1 0il Age, April, 1911; see Redwood, 1, 318.
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In the Oklahoma fields it is the common practice
to treat the emulsified oils with water, the temperature
of which is maintained at 8o to 125° F., depending
upon the quality of the oil and the weather con-
ditions. This treatment is conducted in a tank

(Fig. VI), placed between the flow tank and the stock
It is simply one unit in addition to the

tanks. usual

Fic. V X 83
SaLt N EmuLsiFiep OIL

equipment on a lease. The illustration indicates all
the essential features of this method. The flow of
oil is continuous, being controlled so that a constant
stream is distributed upward through the warm water,
passing out to the stock tanks.

Many samples of crude oil from the Cushing field,
which have been examined here, have had an initial
boiling point of 130° F.; hence this treatment, even

GAS OUTLET

o/L
INLET
JEE—— : I
o/L
X il
3
N ; WATER
§
Q
N
) SanemVem Ve | {0} | maam Y Va
ﬁ \ Gt
% — =
Y — =3
R | . .07 . /.7 A ]/ 4 —
N |
Q T

F16. VI——TREATING TANK FOR EMULSIFIED OIL

when conducted at the higher temperature, should
not seriously affect the gravity of the oil.

There is a large quantity of salt in some wells in
the Cushing pool, and it is this substance, as noted
- above, which is mainly the cause of the emulsified
* oils. In the warm water treatment, the slight ex-
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pansion causes the brealéing of the oil film; then the
fine particles of salt are dissolved by the extra water
present and carried to the bottom of the stock tank
within a short time after the treated oil is delivered
there. Some salt is removed by the water during the
treatment, consequently the water in the treating
tank should be renewed occasionally or it may become
saturated with the salt and have no action on the oil
being passed through it. :

- OKLAHOMA AGRICULTURAL AND MECHANICAL COLLHGE
3 STILLWATER

THE DECOMPOSITION OF HYDROCARBONS AND THE
INFLUENCE OF HYDROGEN IN CARBURETED
WATER GAS MANUFACTURE
By M. C. WHITARER AND E. H. LESLIE

p Received June 1, 1916

(Concluded from our previous issue)

THE DECOMPOSITION OF PARAFFIN HYDROCARBONS

Figs. 9 to 14 indicate the proportions of the various
components obtained when the oil was decomposed
alone. Fig. 9 shows that at 621° C. the gases are
composed of about 1o per cent hydrogen at all oil
‘rates above 5 cc. per minute. The reactions which
contribute to the formation of this hydrogen, named
in order of their probable importance, are:

(r) C.Hg Z C.H, + H,
(2) C.Hy Z C.H, + H,
(3) CH4 —>'C =+ 2H2
(4) CyH, —> 2C + H,

The conditions are those which are known to be
favorable to the condensation of acetylene. The
methods for the determination of acetylene are so
unsatisfactory that no effort was made to determine
the proportion of acetylene in the gases formed.
Other investigators have found the amount small in
similar experiments. ¢

The rapid increase in the proportion of hydrogen
with decreasing oil rates below 5 cc. per minute is
thought to be due to a marked increase in the extent
to which reactions (3) and (4) take place. At 723° C.
only a slightly larger proportion of hydrogen is formed
than at 621° C., indicating that reactions (3) and (4)
do not become rapid up to this temperature. A very
marked increase in the hydrogen production takes
place when the temperature is elevated to 825° C.,
chiefly due to an increase in reactions (3) and (4), as is
evidenced by the very large amount of free carbon
which was liberated and which tended to stop the
furnace tube. No trouble was occasioned by this
carbon deposition at 621 or 723° C.

Fig. 11 shows the proportion of illuminants, or com-
ponents removed by 20 per cent fuming sulfuric acid,
in the oil gases made at the three temperatures. The
percentage of illuminants is highest in the gases made
at 621° C. at all oil rates, and remains practically
constant at 32 per cent at all oil rates above 10 cc. per
minute. The proportion of illuminants formed at
723° C. is higher than at 825° C. except possibly at
high oil rates. It is thought, however, that the pro-
portion of illuminants at high oil rates would not be
greatly different at any of these temperatures.
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The fact that the proportion of illuminants is lower,
the higher the temperature at moderate to low oil
rates, is due to the secondary reactions of these hydro-
carbons.” Ethylene is decomposed into carbon and
methane to some extent. Condensation to naphthenes
takes place. At these low oil rates the proportion of
hydrogen present is considerable, and the higher the
temperature the higher this percentage. Hence it
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would be expected that hydrogenation reactions such
as C,H; + H, 7= C,H; and C,H, + 2H, = 2CH;
would take place.

The relation between the proportions of saturated
hydrocarbons formed at different temperatures is
shown in Fig. 10. It can be seen that the proportion
of saturateds in the gas is higher at 723° C. than at
621° C. at all oil rates. This no doubt is due to the
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faster speeds of such reactions as C;Hy —> C + CH;y
and C,H; + H, = 2CH,.

It might reasonably be expected that the percentage
of saturateds in the gases would be greater at 825° C.
than at 723° C., but it can be seen from Fig. 10 that
this is not the case. At low oil rates the proportion
of saturateds is lower at 825° C. than at 723° C.
This is chiefly due -to the fact that the reaction
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CH; —> C + 2H: has an appreciable velocity at this
temperature. As the oil rate increases it would be
reasonable to expect that the effect of this reaction
would be less and less. However, the divergence be-
tween the 825° C. curve and the 723° C. curve be-
comes greater the faster the oil rate. This state of
affairs is apparently due to the superimposed effect of
another reaction. When the high paraffin hydro-
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carbons first break down under these conditions the
chief products are low molecular weight paraffin
hydrocarbons and high molecular weight olefins. At
621 and 723° C. a considerable proportion of the
high molecular weight olefins formed pass on through
the tube into the tar. The tars were larger in amount
the lower the temperature, and when the tar curves
are studied it will be seen that there is not a marked
difference between the tar formation at 621 and
723° C. but that a considerable difference is found at
825° C. These low temperature tars were treated
with concentrated sulfuric acid in the cold, and it was
found that 20 to 25 per cent by volume was removable in
this fashion, the greater portion of which was doubt-
less olefins of high molecular weight. At 825° C. the
effect of the heat is sufficient to break down these
higher olefins almost completely. In the process
ethylene and propylene are formed in large quantity
with the result that the percentage of saturated
hydrocarbons drops. The proportion of illuminants
and saturated hydrocarbons present in the gases at
825° C. is greatly lowered on account of the high
percentage of hydrogen present in these gases.

Figs. 12, 13 and 14 show the relations between the

component . illuminants, saturateds, and hydrogen
at the temperatures 621, 723 and 825° C., re-
spectively. Of all the proportions of these com-

ponents those at the high oil rates at 621° C. most
nearly represent the products of the primary decom-
position of the oil. The hydrogen is largely the re-
sult of secondary reactions. If the illuminants and
saturateds are calculated to a 100 per cent basis the
proportion is 58 per cent illuminants and 42 per cent
saturateds. Such a ratio as this would be expected in
the reaction if the primary decomposition of the
paraffin was:
CaHow o —> Cy—1Ho, —> -+ CH\
Paraffin Olefin

and if then, the high molecular weight olefins in part
broke down to lower olefins. %

The mechanism of the reactions at ‘work can be
judged somewhat from a consideration of the relations
between the curves for the percentages of illuminants,
saturateds, and hydrogen. Thus, in Fig. 12, if it is
assumed that the illuminants are chiefly ethylene and
the saturateds largely methane, it can be seen that the
normal formation of ethylene is 52, that of methane
30, and that of hydrogen 10 per cent.

Consider the proportions in the gas at an oil rate
of 2.5 cé. per minute. They are ethylene 34, methane
5o, and hydrogen 16 per cent. The decrease in
ethylene has been 18 per cent on the basis of the total
gas. If this had been due to the reaction C.H; —>
C + CH; the methane should have increased 18 per
cent on the basis of the total gas. In fact it increases
only 11 per cent.

The hydrogen increases 6 per cent on the total gas
basis. If this were due to the reaction CHy—>C 4 2H,
a 3 per cent decrease in the methane should have taken
place. But as has been seen, other reactions also give
rise to hydrogen. Assuming, however, that the above
reaction was the sole change of this sort, only 14 per
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cent out of the 18 per cent increase in methane which
should have been found, had the ethylene reacted
entirely with formation of carbon and methane, would
be accounted for. Hence the ethylene must be re-
moved in other ways, for example, by the condensation
to naphthenes.

It is not probable that the 6 per cent increase in the
hydrogen is entirely due to the decomposition: of
methane. Dehydrogenation of naphthénes, dissocia-
tion of ethylene and ethane, etc., may give rise to
hydrogen. Then, too, not all the methane formed
comes from the decomposition of ethylene. Decom-
position of higher olefins in such a manner as

CHa.CHg.CHg.CHchz e
CH, + CH,=CH—CH=CH,

and hydrogenation of olefins, C.H; + 2H, ;__'—_*_ 2CHj,
may contribute. .

A similar argument may be worked out for the rela-
tion between the illuminants, saturateds, and hydrogen
at 723 and 825° C.

The marked decrease in illuminants with decreasing
oil rates at 825° C. is notable. No corresponding
increase in saturateds takes place. It is apparent
from the high percentage of hydrogen that methane
is decomposing extensively into carbon and hydrogen.

PROPORTION OF ILLUMINANTS AND SATURATED
HYDROCARBONS

In order that the effect of hydrogen on the com-
position of the gases as regards illuminants and satu-
rated hydrocarbons may be seen, Figs. 15, 16, 17, 18
and 19 are shown. These curves were drawn by
calculating the illuminants and saturated hydro-
carbons to a basis of 100 per cent. In this manner the
proportions of the two classes of compounds can be
seen. ;
‘ It might be expected that hydrogenation reactions
would play an important part and that the proportion
of saturated hydrocarbons would be higher in the oil-
gas-hydrogen runs than in the straight oil-gas runs.
It will be shown later in this paper that hydrogenation
does take place to a considerable extent.

It should be noticed that at low temperatures the
presence of the hydrogen has no influence on the
relative amounts of illuminants and saturated hydro-
carbons at high oil rates; 7. e., its presence has little
effect on the mechanism of the primary decomposition
and the early stages of the secondary decomposition.
But at low oil rates where the gases are exposed to the
effect of heat for a longer time, and where extensive
secondary and tertiary changes take place, the hydrogen
has a considerable influence at temperatures of 723
and 825° C. At 621° C. the influence of the hydrogen
is not marked. :

It will be remembered that the first reaction under-
gone by a paraffin hydrocarbon when it is thermally
decomposed is that which gives rise to a high molecular
weight olefin and a low molecular weight paraffin.
It is probable that the higher the molecular weight of
an olefin the more readily it is hydrogenated.

If the high molecular weight olefins are hydro-
genated, paraffins would be formed. These would
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again decompose into long chain olefins and low
molecular weight paraffins. This sequence of re-
actions:may be represented as follows: ;

CnH2n AT e Cuie= 1H2p — 2+ CH;

Paraffin Olefin
Cn— |H2u—’_’ e H'_' AT Cn-— 1Hay
Olefin Paraffin
Cn— 1H2n = C71—2H2n—-4 + CHi
Paraffin Olefin

The net result of such a sequence of reactions would
be an increase in the proportion of paraffins in the
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gas. But as can be seen in the figures, the proportio‘n
of paraffins is less in the cases of the hydrogen-oil
gases. However, at high oil rates where secondary
reactions are not so important, and in the series of
runs at 825° C. where the concentration ratio was
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2H, : 1 Gas (Figs. 17 and 19), the proportion of
saturated hydrocarbons is greater in the hydrogen-oil-
gas runs. It is probable, therefore, that the above
reactions take place in all cases but that the effect of
the hydrogen at low oil rates on the extensive secondary
changes is so great that the result of the hydrogenation
is masked.

Apparently the low molecular weight olefins are not
hydrogenated to a large extent, for were this the case
the proportion of saturated hydrocarbons present
would be greatly increased. This is not the case.

The increase in the proportion of olefins in the
hydrogen-oil-gas runs at low rates of oil feed may be
accounted for in two ways:

(1)—The effect of the hydrogen may be to increase
those reactions which give rise to olefins.

(2)—The effect of the hydrogen may be to retard
those reactions which tend to remove or destroy the
olefins.

The largest proportion of the ethylene and propylene
present comes from the direct splitting up of high
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molecular weight olefins. If an olefin of fairly high
molecular weight may be used to illustrate, this re-
action may be represented:

CHJCHzCH2CH=CH2—+ CH3CH=CH2 - (::[-L,'ZCI_I2

It will be noticed that the result is an increase in
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volume. The equilibrium point of the reaction would
therefore be shifted by a diminution of pressure in
such direction as to favor the production of ethylene
and propylene. The introduction of hydrogen has the
same effect as a reduction in pressure, and would
therefore have a similar effect on the equilibrium.
Chief among the reactions which remove olefins
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such as ethylene and propylene are condensation
and decomposition. These reactions.may be rep-
resented as 3C.H; —> CgHy and C:Hy—> C + CH..

The presence of the hydrogen would displace the
equilibrium point of the first of these reactions in
favor of the ethylene. The latter reaction, in so far
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as the influence of volume relationships on the equilib-
rium point is concerned, would not be affected.

Whether the displacement of the equilibrium points
in any of these reactions is sufficient to be worthy of
mention can not be said. In no case is the equilibrium
condition attained, but the speeds of the various re-
actions would depend on the difference between the
actual condition of the system and the equilibrium
condition; hence any displacement of the equilibrium
point would be important.

The increase in the proportion of olefins may be
looked upon from another angle. When hydrogen is
introduced along with the gas the time of contact of
the gas with the heated tube is diminished, due to the
increase in the total volume passing in unit time. If
it is the case that the reactions which give rise to the
olefins ethylene and propylene are fairly rapid, while
those which destroy them are slower, the summational
effect of an increased gas -rate would be an increased
proportion of olefins. That the speed of the re-
actions which produce olefins is fairly great can be
seen by reference to Fig. 22, which shows the mean
molecular weight of the olefins formed at 825° C.
The mean molecular weight lies between 30 and 34.
The molecular weight of ethylene is. 28, while that of
propylene is 42. The proportion of olefins higher
than propylene cannot be great, therefore, and it
would seem that they break down largely to ethylene
and propylene. That the reactions which cause a
removal or destruction of ethylene are only moderate
in speed has been seen under the discussion of the
reactions of ethylene in the first part of this paper.

This latter explanation appears more probable than
the one concerning the displacement of the equilib-
rium points of reactions; however, both of these
effects may be concerned in the production of the re-
sults observed.

It will be noticed that the two different hydrogen
concentrations produce similar results at 723° C. but
that at 825° C. the proportion of olefins is much
higher when the concentration ratio is 2H,: 1 Gas.
The rather large difference in this last case indicates
that the chief effect of the hydrogen is due to its
cutting down the time of heating, for at 825° C. the
decomposition of the higher olefins to ethylene is
doubtless very rapid, and takes place extensively in
spite of the reduced time of heating in the hydrogen-
oil-gas runs.

THE ABSORPTION OF HYDROGEN

Calculations from the analytical data show that a
considerable absorption of hydrogen takes place when
the oil is cracked in an atmosphere of this gas. Haber
was of the opinion that the oil produced no hydrogen
by its own decomposition when it was cracked in an
atmosphere of hydrogen. On the other hand, it might
be assumed that there would be as much hydrogen
produced under these conditions as when the oil was
cracked alone. These two assumptions offer two bases
on which the absorption of hydrogen may be calcu-
lated.

(I)—If no hydrogen is produced by the cracking
of the oil, the hydrogen absorption per cc. of oil would
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be equal to the difference between the hydrogen added
and that present in the final gas divided by the total
number of cc. of oil. :

(IT)—1If the oil produces as much hydrogen as when
cracked alone, the difference between the hydrogen
added plus that normally produced from the oil at the
particular oil rate and the hydrogen in the final gas
represents the absorption. This divided by the total
number of cc. of oil gives the absorption in cc. per
cc. of oil.

Fig. 21 shows the absorption per cc. of oil calcu-
lated on basis (I) for the several temperatures and
concentrations. Fig. 22 shows these absorptions calcu-
lated on basis (II).

It will be seen that the curves of Fig. 22 are much
smoother and more regular than those of Fig. 21, not
because they are drawn more smoothly, but because
the points fall on smoother curves. The general form
of the curves, too, in Fig. 22 is that which would be
expected from a consideration of the curves for the
hydrocarbon components formed per cc. of oil. The
curves of Fig. 21 show no general similarity to each
other, while those of Fig.. 22 show similar general
characteristics. The curves representing the forma-
tion of all the other components of the gases show
regular variations, and it would be expected that this
regularity would extend to the curves for hydrogen
absorption.

In general, therefore, it seems that the basis on
which the curves of Fig. 22 are calculated is more
nearly correct than the basis which assumes that no
hydrogen is produced from the oil when it is decom-
posed in hydrogen. This view is strengthened by
the fact that in the case of the 825° C. gases with
hydrogen concentrates 1H,: 2 Gas, the absorption
curve in Fig. 21 falls below the o.o line, 7. e., hydrogen
must have been formed from the oil since there was
more hydrogen in the final gas than was added through
the meter.

It is probable that the true value for the hydrogen
absorptions for any set of conditions falls between the
two values as calculated from the two limiting as-
sumptions. It is thought that the true values are
slightly less than the values of the absorptions as they
would be read from the curves in Fig. 22.

The curves of Fig. 22 show the interesting fact that
at any particular temperature the hydrogen absorption
per cc. of oil decreases with increasing oil rate. The
great importance of the time factor is well brought
out here. At constant oil rate, and approximately
the same hydrogen concentration the absorption per
cc. of oil is greater the higher the temperature. There
would, however, be an upper limit to this on account
of the excessive decomposition of all hydrocarbons at
elevated temperatures.

The effect of increasing the concentration of hy-
drogen is clearly shown in Fig. 22 for the curve for the
2H, : 1 Gas runs is above the curve for the 1H,: 2
‘Gas runs at both 723 and 825° C. The speed of
hydrogenation reactions is greater the higher the
concentration of hydrogen.

It is interesting to note that the curve for the
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IH,: 2 Gas runs at 825° C. falls below the curve for
the 2H, : 1 Gas runs at 723° C. This shows that the
increasing temperature is tending to cause dehydro-
genation reactions or hydrocarbon dissociations to a
marked degree at 825° C. The effect of hydrogen
in greater concentration in reversing these dissocia-
tions is clearly brought out when the position of the

2H, : 1 Gas curve for 825° C. is considered in its
relation to the 71H, : 2 Gas curve at this same tempera-
ture.

MEAN MOLECULAR WEIGHT OF THE OLEFINS

In Fig. 23 the mean molecular weight of the olefin
hydrocarbons in gases made at 825° C. in oil-gas
runs and in hydrogen-oil-gas runs with the concentra-
tion ratio rH, : 2 Gas can be seen.

It should be kept in mind that the molecular weight
of ethylene is 28 and that of propylene is 42. From
the position of the curves it can be seen that ap-
proximately one-third of the olefins is propylene.
The curves lie very close together, and it is impossible
to say just what the influence of the hydrogen is on
the formation of the olefins.

If the method of calculation of the molecular weight
of the olefins, as explained under the discussion of the
analytical methods, is considered, it is apparent that
all the analytical errors pile up and are brought out
in this calculation. This no doubt accounts for the
irregularity in the curve, and also for the fact that
there is no consistent difference in the position for the
oil-gas runs and the hydrogen-oil-gas runs.

It was thought that certain differences might be
brought to light by the curves for the mean molecular
weights of the olefins. If the higher olefins were more
easily hydrogenated than ethylene the curve for the
mean molecular weight of the olefins in the hydrogen-
oil-gas runs would fall below that of the oil runs.
If, on the other hand, the presence of the hydrogen, on
account of its causing a more rapid passage of the gas
through the tube, resulted in a less extensive decom-
position of the higher olefins, the curve for the hy-
drogen-oil-gas runs would lie above that for the oil-
gas runs.

It may be thought that these two effects are balanc-
ing each other with the result that the curves are
practically the same. It would have been desirable
to have carried out a similar series of runs with a high
concentration of hydrogen, but the calculation of the
mean molecular weight of the olefins can be made only
when the per cent of benzene in the gas is known, and,
as has been noted, the method for the determination
of benzene was found only as this experimental work
was drawing to a close.

THE FORMATION OF AROMATIC HYDROCARBONS

Fig. 24 shows the percentage of aromatic hydro-
carbons present in the gases made at 825° C. when
oil is cracked alone or in hydrogen when the con-
2 (0il Gas + Tar Gas). The
method of determining these percentages has been
described under the analytical methods.

The percentage of aromatics appears to increase
slightly with increase in oil rate. Whether this is
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actually the case or not cannot be definitely stated.
The exact opposite would be expected. It is thought
that the apparent increase may be due to the freezing
out of high molecular weight hydrocarbons of other
types than the aromatic compounds. High molecular
weight paraffins and olefins are present in greater
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proportion in the gases made at high oil rates than in
those made at low oil rates. 3

The smaller proportion of aromatic hydrocarbons
present in the gases made at low oil rates may possibly
be due to the removal of benzene to form compounds
such as diphenyl, naphthalene and anthracene, which
pass largely into the tars.

The  hydrogen apparently has little effect on the
formation of aromatics at low oil rates, but decreases
the aromatic formation somewhat at higher oil rates.
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This is possibly due to the retarding effect which the
presence of hydrogen would have on the formation of
aromatics or hydroaromatics by condensation re-
actions. Less gas is formed from the oil at high oil
rates than at low oil rates, and as a consequence the
concentration of hydrogen is greater at high oil rates
than at low oil rates. :
TARS

The tars were collected from the tar drip and the
volume measured. This volume divided by the
volume of the total oil used and multiplied by 100
gives the percentages of tar formed. Figs. 25 to 29
show these tar percentages for both oil-gas and

‘ hydrogen-oil-gas runs plotted against the oil rate at the

temperatures indicated. It should be mentioned that
at low oil rates these percentages are not accurate.
The low-oil-rate tars are heavy and viscous, and as a
result do not run down through the condenser as
easily as the lighter high-oil-rate tars.

As far as can be judged from the curves in Figs.
25, 26, and 27, for temperatures of 621 and 723° C.,
there is no marked regular difference between the tar
formation in the oil-gas runs and the hydrogen-oil-
gas runs.

At 825° C. the percentage of tar in the oil-hydrogen
runs is consistently less than in the oil runs except at
low oil rates where, as has been mentioned, the tar
percentages as shown mean little. This difference is
more marked in the curves of Fig. 27 where the con-
centration ratio was 2z Hydrogen : 1 (Oil Gas + Tar
Gas) than in the curves of Fig. 28.

In general, two classes of compounds are contained in
the tar: (1) unchanged or partially changed oil;
(2) synthetic hydrocarbons which are the products
of extensive change. It may be thought that hy-
drogen, on account of its decreasing the time of contact
of the hydrocarbon vapors with the heated tube,
would tend to increase the proportion of tar since the
decrease in the time of heating would cause a less
extensive decomposition of the oil vapors. On the
other hand, this decrease in the time of heating would
also diminish the extent to which synthetic reactions
resulting in the formation of tarry products would
take place. Also the percentages of the hydrogen
would retard these reactions, since they are all re-
actions which result in decrease of volume. Ap-
parently these effects are balanced at temperatures
of 723° C. or below. At 825° C., however, the per-
centage of tar is less. This leads to the belief that
synthetic reactions are responsible for a considerable
proportion of the tars at temperatures in the neigh-
borhood of 825° C.

Fig. 30 shows clearly the effect of temperature on
tar formation, and also the effect of increase of oil
rate at constant temperature. The proportion of tar
increases with increasing oil rate and most markedly
so, at temperatures of 621 and 723% C. The
largest proportion of these tars at moderate to high
oil rates is undecomposed oil, as shown by distillation
and treatment with concentrated sulfuric acid. This
is also indicated by the fact that a temperature change
from 621 to 723° C. produces no great difference
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in tar formation, and also by the fact of the very rapid

increase in the percentage of tar with increasing oil

rate. ;

At 825° C. the proportion of tar does not increase

greatly with increasing oil rate, indicating that these

tars are largely composed of synthetic products,
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which is further substantiated by other physical
characteristics, such as distinct aromatic odor and
their reactions with concentrated sulfuric acid.

All the tars were strongly fluorescent.

FORMATION OF ILLUMINANTS, METHANE, AND ETHANE,
AND THE OBTAINING OF PARTICULAR END-PROD-
UCTS FROM A PARAFFIN HYDROCARBON OIL

In Figs. 31 to 35 the cc. of illuminants, methane and
ethane formed from 1 cc. of oil are shown plotted
against the oil rate at the temperatures and hydrogen-
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gas concentration ratios indicated. It can be seen
from Fig. 31 that at 621° C., with the exception of the
illuminants in the case of the straight oil-gas runs, the

. number of cc. of all these hydrocarbons formed from

1 cc. of oil increases with decreasing oil rate. There
would be a limit to this, however, for, were the oil rate
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made low enough, a very extensive decomposition of
the hydrocarbons would set in.

Fig. 31 shows that the illuminants are the most
easily decomposed of the gaseous hydrocarbons. The
curve for the illuminants in the straight oil-gas runs
has a maximum due to the fact that though the
longer time of contact of the oil vapors with the
heated tube at low oil rates causes a more extensive
formation of ethylene and other illuminants, an oil
rate is reached where extensive decomposition of these
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hydrocarbons takes place, which more than overcomes
the more rapid illuminants formation at low oil rates.
Condensation and hydrogenation, which are more

extensive at low oil rates, are important in this con- .

nection also.

No maximum is observed in the illuminants curve
for the hydrogen runs, doubtless because the time of
contact of the oil vapors with the heated tube is less
at any particular oil rate than in the case of the oil-
gas runs. The curve for the illuminants in the hy-
drogen-oil-gas runs, for this reason also, is always be-
low that for the illuminants in the oil-gas runs, except
at low oil rates.

Less methane is formed per cc. of oil in the hy-

drogen-oil-gas runs than in the straight oil-gas runs
except at low oil rates. 'That the time of contact here
is sufficient so that extensive hydrogenation takes
place is clearly brought out from a consideration of
Fig. 22 in connection with Fig. 31. At all oil rates
the decreased time of contact of the gases with the
heated furnace tube, on account of the absorption of
hydrogen, results in a lower formation of methane.

The relationships for ethane are much the same as
for methane, and for the same reasons.

Figs. 32 and 33 show the relationships between the
hydrocarbons at 723° C. at hydrogen concentration
ratios of rH,: 2 Gas and 2H,: 1 Gas, respectively.
More of each of the components is formed per cc. of
oil at 723° C. than at 621° C. The maximum in the
illuminants curve falls at a higher oil rate than at
621° C. as would be expected, since the higher tem-
perature would cause a more rapid decomposition,
condensation, and hydrogenation of the illuminants to
take place. At 723° C. the maximum on the illu-
minants curve for the hydrogen runs can be seen
clearly. It is interesting to note that this falls to the
left of the maximum on the curve for the oil-gas runs.
The decreased time of heating on account of the
hydrogenation admixture is responsible for this.

The effect on the illuminants of increasing the con-
centration of hydrogen is clearly brought out in Figs.
32 and 33. The maximum on the curve for the
illuminants in the hydrogen-oil-gas runs at the higher
hydrogen concentration falls at a slightly lower oil
rate than the maximum on the curve for the lower
hydrogen concentration. The divergence between the
illuminants curves for the oil-gas runs and ,the hy-
drogen-oil-gas runs is greater both at low and high oil
rates at the higher hydrogen concentration than at the
lower hydrogen concentration on the time of contact
of the gases with the heated tube surfaces.

The relationships in the case of the methane and
ethane are exceedingly interesting. The formation
of methane is less in the hydrogen-oil-gas runs than
in the oil-gas runs at moderate to high oil rates, due
to the decreased time of contact of the gases with the
heated surfaces, and this effect is more Pronounced
at the higher hydrogen concentrations, as would be
expected. As the oil rate decreases the hydrogenation
effect becomes important and the proportion of
methane formed from 1 cc. of oil is greatest in the
case of the hydrogen-oil-gas runs. The curve for
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methane in the hydrogen-oil-gas runs crosses the
methane curve for the oil-gas runs. This crossing
is at a higher oil rate with the higher hydrogen con-
centration, showing clearly the effect of the increase
of concentration of hydrogen on the hydrogenation
reactions. The formation of methane is slightly
greater in the hydrogen-oil-gas runs ‘than in the
straight oil-gas runs when the hydrogen concentration
ratio is rH,: 2 Gas. This difference is slightly
greater at low oil rates than at high oil rates.

When the hydrogen concentration ratio is 2H, : 1
Gas the ethane formation per cc. of oil is less in the
hydrogen-oil-gas runs than in the oil-gas runs at
high oil rates. This is the effect of the decreased time
of contact due to the admixture of a larger volume of
hydrogen. But at low oil rates the formation of
ethane is much greater in the hydrogen-oil-gas runs
as can be seen in Fig. 33. The ethane curve has a
maximum, too, which is interesting because it shows
that at low oil rates the reactions of the hydrocarbon
ethane itself have an important part to play.

Figs. 34 and 35 show the relationships between these
hydrocarbons at 825° C. A much less 'pronounced
decrease in the formation of illuminants with in-
creasing oil rate is due to the fact that the temperature
of 825° C. is sufficient to promote actively the forma-
tion of illuminants. The maxima on the illuminants
curves for the oil-gas runs fall at the higher oil rates,
as would be expected when the higher temperature is
taken into consideration. The illuminants curves for
the hydrogen-oil-gas runs are entirely above the
illuminants curves for the oil-gas runs. This is again
a result of the decreased time of heating when hy-
drogen is admixed. The effect is most marked when
the higher concentration of hydrogen is used.

The curves for methane in the hydrogen-oil-gas runs
fall above the curves for methane in the oil-gas runs
at all oil rates at 825° C. This is due to two effects:
first, the less extensive decomposition of the methane
into carbon and hydrogen due to the decreased time of
heating in the hydrogen-oil-gas runs; second, the
increased rate of hydrogenation reactions such as
C,H; + 2H, = 2CH,. The effect of hydrogen in
reversing the reaction CH, f‘_—; C + 2H, is probably
not important, as has been brought out in the dis-
cussion of the methane equilibrium and the reactions
of methane in the first part of this paper.

The effect of the greater concentration of hydrogen
on methane production can be seen clearly by com-
paring Figs. 34 and 35. The divergence between the
hydrogen-oil-gas and the oil-gas methane curves is
greatest when the hydrogen concentration ratio is
2H, : 1 Gas, and this is practically true at low oil
rates where hydrogenation reactions are most im-
portant.

More ethane is formed when hydrogen is mixed with,
the vapors of the oil than when it is not added. This
is doubtless due to the combined influence of the
hydrogen in diminishing the decomposition of the
ethane and to its effect in hydrogenating the olefins.
These effects are particularly marked when the con-
centration ratio is 2H, : 1 Gas.
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It may have been noticed that the curves for the

oil-gas runs made at the same temperature do not
coincide exactly, since the carbon tube ‘used car-
bonizes somewhat and becomes of smaller internal
diameter, thus decreasing the time of contact of the
gas with the tube and consequently altering the com-
position somewhat.

The effect of temperature on the hydrocarbon
products of decomposition of an oil can be seen very
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clearly from Fig. 36. Within the temperature range
studied, the cc. of illuminants per cc. of oil increases
with temperature, with one exception. At low oil
rates there are more illuminants formed at 723° C.
than at 825° C. The effect of the higher temperature
in increasing the speed of the reactions which de-
compose ethylene more than overcomes the effect of the
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higher temperatures in promoting the decomposition
of the long chain olefins to ethylene and propylene.

It is interesting to note the position of the maxima
of the curves for the illuminarts at the several tem-
peratures. These maxima indicate where the balance
between the reactions of formation and the reactions
of . decomposition falls.

Within the temperature range studied, the forma-
tion of methane is greater the higher the temperature.
At low oil rates the difference in the methane pro-
duced by a 1o0o°-temperature rise is greater in the
range from 621 to 723° C. than from 723 to 825° C.,
since at low oil rates 723° C. is a sufficiently high
temperature to break down the original oil extensively.
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The methane increase between 723 and 825° C. is
largely due to the decomposition and hydrogenation of
olefins CgH; = () + CH; and C2H4 + 2H2 :
2CH;, as can be seen from a consideration of the
illuminants curve for 825° C.

At high oil rates a temperature of 825° C. is neces-
sary to form methane largely, as can be seen from the
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position of the curve for methane at 621, 723 and
8252 C. ;

The formation of ethane per cc. of oil is not large at
any temperature studied, as shown in Fig. 36. The
primary decomposition of the oil therefore involves
chiefly a splitting off of methane rather than ethane
or higher paraffin. The decomposition and dissogia-
tion of ethane are clearly shown by the falling off of
the ethane curve as the oil rate decreases at a tem-
perature of 825° C. On the other hand, a tem-
perature of 825° C. is necessary to cause an extensive
formation of methane and ethane per cc. of oil at high
oil rates. :

TOTAL HYDROCARBONS OBTAINABLE FROM THE OIL

The greater the proportion of the carbon of the oil

which can be obtained in gaseous form the better the
utilization of the oil for gas-making purposes.
' Fig. 37 shows the total cc. of illuminants 4 methane
-+ ethane obtainable from 1 cc. of oil under the varying
conditions. At 621° C. more hydrocarbons are ob-
tained per cc. of oil in the oil-gas runs than in the
hydrogen-oil-gas runs, except at low oil rates where
hydrogenation reactions become important. This is
due to the lower time of contact of the oil vapors with
the furnace tube in the case of the hydrogen-oil-gas
runs. The same relations hold at 723° C. except
that the hydrogen-oil-gas curves cross the oil-gas
curve at a higher oil rate because of the greater effect
of the higher temperature in hastening the hydrogena-
tion reactions. The effect of the higher concentration
of hydrogen is clearly shown. At 825° C. the hy-
drocarbons formed per cc. of oil are of greater volume
in the hydrogen-oil-gas runs at all oil rates studied.
The higher temperature promotes hydrogenation re-
actions at all oil rates. The effect of the greater
concentration of hydrogen can be seen.

It is interesting to note that the slope of the curve
for the hydrogen-oil-gas runs at 723° C. is much
steeper than the slope of these curves at 825° C. at
low oil rates, doubtless because at 825° C., and low oil
rates, dehydrogenation reactions and reactions of de-
composition of the hydrocarbons become of importance.

SUMMARY!

1—A critical review of the most important work on
hydrocarbon decomposition and the influence of
hydrogen on the reactions involved has been given.
This has concerned itself with: first, the hydrocarbons
of high molecular weight; second, the products of the
primary decomposition; and third, the reactions of the
simpler hydrocarbons. Summaries have been in-
cluded which state concisely the probable course of the
reactions of dissociation, decomposition, and condensa-

- tion involved. :
- 2—The subject of the mechanism of heat transfer
in gas machines has been discussed.

3—Difficulties in the measurement of the true tem-
perature of a gas have been pointed out.

4—In the experimental work a paraffin oil was
thermally decomposed alone and in hydrogen at
temperatures of 621, 723 and 825° C. Concentra-

1 Summaries 1, 2 and 3 refer to the printed dissertation.
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- tions of hydrogen approximating rH, : 2 Oil Gas and

2H, : 1 0Oil Gas were those studied. It has been
shown what results may be expected in the decom-
position of a hydrocarbon oil when temperature, rate
of oil feed, and concentration of admixed hydrogen
are carefully controlled.

5—The relationship between the rate of oil feed and
the rate of gas generation has been brought out.

6—The proportions of illuminants, saturated hy-
drocarbons, and hydrogen resulting at varying rates
of oil feed, and at temperatures of 621, 723 and
825° C. have been shown graphically and discussed.

7—The effects of hydrogen on the reactions which
give rise to saturated hydrocarbons and illuminants
have been shown graphically and discussed at some
length. Besides its effect in hydrogenating olefins
and other hydrocarbons, the hydrogen, since its addi-
tion causes an increase in the total volume of the gas
passing through the heated zone of the furnace in a
given time, decreases the time of contact of the gases
with the heated walls of the resistor tube. The
effects of this are discussed in connection with the
curves showing the relationships between the com-
ponents of the gas when the oil is cracked in hydrogen.

8—The mean molecular weight of the olefins in a
series of gases made at 825° C. has been determined,
and also the proportion of aromatic hydrocarbons
in these gases. ;

o—The formation of tar was studied at the various oil
rates, temperatures and concentrations of hydrogen.

10— Curves showing the number of cc. of illuminants,
ethane and methane obtainable from 1 cc. of oil have
been shown.

11—In general the manner of decomposition of a
paraffin hydrocarbon oil has been mapped out over a
considerable range of temperature, rate of oil feed,
and concentration of hydrogen.

12—The results recorded in this paper may serve
as a guide to the obtaining of more desirable results in
commercial operations involving the decomposition of
oil for gas-making purposes.

CONCLUSIONS

In addition to showing the proportions of products
which are obtainable under a variety of conditions,
which relationships have been fully set forth in the
figures shown and which it is impossible to briefly
summarize, it has been concluded as a result of this in-
vestigation:

I—That the importance of radiation insofar as it is

* concerned in the furnishing of the energy for the produc-

tion of hydrocarbon reactions has been overestimated.

II—That effects often ascribed to catalysis are in
reality due to effective heat transfer by conduction
and convection from the large heated surfaces exposed
to the gases.

III—That the equilibrium condition is not attained
in a hydrocarbon system when an oil is decomposed’
by heat under conditions analogous to those of car-
bureted water-gas manufacture.

IV—That the course of the changes involved in the
breaking down of a hydrocarbon oil may be roughly
traced.
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V—That hydrogen is produced from an oil even when
the cracking takes place in hydrogen.

‘VI—That considerable absorptions of hydrogen take
place when an oil is cracked in an atmosphere of
hydrogen, and this absorption is greater the higher the
concentration of hydrogen, the higher the temperature
(within the range studied), and the lower the oil rate.

VII—That propylene and higher olefins constitute
approximately one-third by volume of the illuminants
of the gas.

VIII—That the proportion of tar increases with de-
crease in temperature, and with increasing oil rate,
particularly at the lower temperatures.

IX—That no marked and consistent difference in the
amount of tar formed when an oil is decomposed alone
or in hydrogen at temperatures of 723° C:. or below is
noticeable. At 825° C. less tar is formed when the
oil is cracked in hydrogen. The tars formed below
723° C. are in large part unchanged or partly changed
oil, whereas those tars formed above 800° C. are
essentially composed of synthetic products.

X—That the reactions .which result in decreasing
the proportion of illuminants are the most rapid.

XI—That the presence of hydrogen during the de-
composition of an oil has the effect of increasing
largely the proportion of the carbon of the oil ap-
pearing as hydrocarbons in the gas.

XII—That within the temperature range studied
the volume of illuminants produced per volume of oil
increases with the temperature with one slight ex-
ception. The formation of methane is greater the
higher the temperature. The formation of ethane is
not large at any temperature and therefore the primary
decomposition of an oil involves chiefly a splitting off
of methane rather than ethane or higher homologues.
- XIII-—That a temperature of 823 ° C.is desirable in de-
composing an oil provided that too great opportunity for
extensive secondary and tertiary change is not given.

XIV—That with correct design of apparatus, and
proper adjustment of temperature, rate of oil feed,
and concentration of hydrogen it is possible to obtain
gases of widely varying.compositions.

The authors wish to extend to Professor Floyd ]J.
Metzger, Professor Samuel A. Tucker and Dr. Clive
M. Alexander their thanks for valuable help and
suggestions received. -
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STUDIES ON THE EXTRACTION OF ROSIN FROM
WOOD. I—EXPERIMENTS USING A PETRO-
LEUM SOLVENT
By R. C. PaLMER! AND H. R. BOEHMER?
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PURPOSE OF WORK

From a technical viewpoint, the process of extract-
ing rosin from wood with chemicals offers a promising
possibility for the utilization of ‘‘fat’” stumps and

! Chemist in Forest Products,. Forest Products Laboratory, Madison,
Wisconsin. :

2 The data obtained in these experiments were submitted by this
author in partial fulfilment of the requirements for the degree of B.S. in
Ch.E. in the University of Wisconsin.
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other waste resinous wood. In the simple steam
distillation process only the volatile constituents of
the wood are recovered and this method is no longer
industrially feasible on this account. In the de-
structive distillation process, the products are char-
coal, tar, and a turpentine more or less contaminated
with products from the destructive distillation of the
rosin and wood substance. This turpentine, at best,
does not bring as high a market price as steam-dis-
tilled wood turpentine, although the recent introduc-
tion of temperature-controlled processes has removed
this objection to a large extent. Compared with these
two processes, the so-called solvent or extraction pro-
cess affords the recovery of wood turpentine and pine
oil comparable in quality and value with the oils from
steam distillation and also a medium grade rosin whose
market value, under normal conditions, is practically
equal to the combined value of charcoal and tar from
the destructive distillation process. However, the
market value is less likely to fluctuate for tar and
charcoal than for rosin. Strictly speaking, the ex-
traction and distillation processes are not comparable,
because the products are quite different.
cesses represent the two types which taken together
cover most of the possible products to be obtained
from resinous wood.

Of the several different processes proposed for
treating wood, the destructive distillation method,
which is by far the oldest, is also at the present time
apparently the best established from the standpoint
of profitable commercial operation.! The principal
difficulties that have been encountered in the ex-
traction process have been: (1) an unstable market
price for rosin, and (2) high cost of operation, due
largely to an excessive loss of solvent. In attempting
a solution of these difficulties, there are then at least
two lines of attack which may give this process a
better opportunity for commercial success: (1) ob-
taining another product which would not be subject
to very great market variations, and (2) decreasing
the operating cost. The use of the extracted wood
as a raw material for paper pulp has been suggested
several times as a possible solution of the problem of
obtaining another product. Extraction by the usual
method requires wood so finely divided (shredded
wood) to yield a high proportion of the rosin that the
extracted material is not suitable for pulp. If the
wood is large enough for pulp, the yield of rosin is
decreased. Considering the high operating costs as
due largely to the loss of solvent, it would seem that
the problem here is largely mechanical, and its solu-
tion should not offer very great difficulties.

With these ideas in mind, it was felt that a careful
study should be made of some of the fundamental
operating variables of the process.

The experiments were carried on at the Forest
Products Laboratory, Madison, Wisconsin. The ma-
terial consisted of longleaf pine stumps from Louisiana,
donated by the Long-Bell Lumber Company of Kansas
City, Missouri. Acknowledgment is made to Mr. S.
D. Wells, Engineer in Forest Products, of the section

1 THIs JOURNAL, 6 (1914), 151.

These pro-
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of pulp and paper, for making the experiments on the
suitability of extracted chips for pulp.

DESCRIPTION OF PROCESS :

About fifteen patents have been granted in the
United States for extraction processes and apparatus
since 1909, and one or two plants were built and had
been operated before that time. The different patents
vary chiefly in the treatment of the wood before and
after applying the solvent, in the manner of applying
the solvent, and in the solvent itself. In general,‘the
process, as carried out in the commercial plant, con-
sists in first steaming the finely divided wood to re-
cover the volatile constituents (turpentine and pine
oil), followed in some cases by evaporating out of the
wood as much of the condensed steam as possible.
The solvent is then applied to the wood to dissolve
out the rosin. After extraction, the wood is treated
to recover the solvent adhering to, or absorbed by the
chips. Evaporation of the solvent leaves the rosin
as a residue, the solvent being recovered for subse-
quent extractions.

EXPERIMENTAL

APPARATUS—The apparatus used in the experiments
was an extraction battery composed of three retorts,
4, B, and C, shown in Fig. I. The chips were placed
in the perforated baskets, D, each retort holding from
30 to 35 lbs. of wood. The battery was so arranged
that the solvent could be forced by means of a pump,
E, to a storage tank, F, from which it flowed by gravity
into any one of the retorts and from that retort to
each one below it. Each unit was independent of the
others so that different operations could be carried
on at the same time. FEach retort was also connected
to a vacuum pump, G, through a condenser, H, and re-
ceiver, I, and equipped with an open coil for direct
steam and closed coils for heating the solvent.

As it was desired to boil the solvent in contact with
the chips the apparatus was so arranged that this
could be done without decreasing the solvent by
evaporation. This was accomplished by connecting
the vapor outlet line of each unit to a condenser, J,
and receiver or trap, K, placed above the battery.
The trap was connected o the bottom of each retort
and thus allowed the vaporized solvent, after it was
condensed, to flow continuously back into the retort
as in a reflux condensing apparatus. By connecting
the top of each retort to the top of the trap, the vapor
conditions were equalized and the solvent was pre-
vented from backing up. With these ‘‘equalizers”
open, the solvent in any retort could be boiled under
pressure for any desired length of time with a constant
reflow of the condensed vapors.

The simple still, L, was used for the evaporation of
the saturated solvent to recover the rosin. The still
was equipped with a steam jet and was connected
through the receiver, M, to the vacuum pump. to
facilitate the removal of water and heavy oils from the
rosin.

SOLVENT—Since a petroleum distillate has been most
frequently used commercially as a solvent there was
selected for the experimental work, a special gasoline
furnished on a guarantee to boil between 70 and 150° C.
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It was found, however, that the material contained at
least 20 per cent boiling under 70°, a portion boiling
as low as 30°! The solvent ,was, therefore, frac-
tionated in a laboratory column (4 in. in diameter),
the fraction below 70° C. being removed. By dis-
tillation in a Hempel column the solvent used gave 4
per cent boiling below 70° and 93 per cent boiling be-
low 150°. :

EXTRACTION—It was desired to make the laboratory
study as comparable as possible with extraction in a
continuous commercial extraction battery. In an ex-
traction system of this type, all units receive exactly
the same treatment and in no case is fresh solvent run
on to fresh material, but the solvent most nearly
saturated with the substance being extracted is run on
to fresh material and the most nearly spent material

F16. I—EXTRACTION BATTERY

receives a final treatment with fresh solvent. This:
condition was approximated in a laboratory test,
providing a system of four washes for each unit by
‘employing six solvents. Three of these were distilled
at the end of each run and three were used for the-
next run without recovering the rosin. The method
may be better explained diagrammatically by re-
ferring to Table I.

Solvents I, II and III in each run were distilled
for the recovery of rosin, having extracted the rosin
from the wood in four retorts, while Solvents IV, V

1 In purchasing solvents of this type commercially, the importance-
of contracts calling for extremely rigid specifications is indicated by this.
experience. With such a large proportion of a very low boiling fraction.
in the solvent it would be impossible to prevent a high solvent loss.



\

Aug., 1916
TanLe I
-RuUN 1 RUN 2
RETORT 1 2 3 1 2 3
(E5L ?
| IL —> I
[ IIT —> III —> III
& IV—> IV —> IV —> I
SoLvent 1 V —>V —> 11 —> II
| VI —> III —> III —> III
s IV TV e TV
l e

and VI become Solvents I, IT and III, respectively,
for the next run. Solvent I, in Retort 1; II, in Retort
2; and III, in Retort 3, represent the action of nearly
saturated (theoretically) solvents on wood which has
not been previously extracted. Solvent IV, in Retort
1; V, in Retort 2; and VI, in Retort 3, represent the
final extraction of nearly spent chips with fresh sol-
vent. Before beginning the first run, a preliminary
run was necessary in order to secure Solvents I, II,
and III, for the first test. After the retorts were
charged in these tests, they were not opened until
the dried extracted chips were removed.

The procedure used in conducting any test was
briefly as follows: The chips were first steamed
under 3o lbs. pressure! until no more turpentine and
pine oil were obtained; the retorts were then connected
to the vacuum pump from 30 to 6o min. to remove
as much of the moisture as possible, steam being kept
in the closed coils to facilitate evaporation. The
solvent was then introduced until the chips were just
covered and was then brought to boiling by means of
the steam in the closed coils. The reflux system was
open so that the vaporized solvent would condense,
and flow back into the retort. In case the extraction
was conducted under pressure the valves connecting
the retort to the reflux were closed until the desired
pressure in the retort was reached. The line con-
necting the retort with the reflux was then opened
and the pressure controlled by the amount of steam
passed into the closed coils. After extraction the
solvent was transferred to the next retort, or in case
it was the last extraction for that solvent, it was passed
through a condenser which delivered it cold to the
container. When the extraction was made under
pressure, it was better to relieve the pressure before
drawing out the solvent; this was readily done by
turning off the steam and allowing condensation to
continue in the reflux. When the solvent was drained
out after the last extraction, that remaining in the
chips was removed by steaming first at atmospheric
pressure until no more solvent came off, and finally at
30 lbs. pressure for a few minutes. To insure that
all the solvent was removed, the retort was then con-
nected to the vacuum pump for about one hour. In
only a few cases, however, was any more solvent
recovered in this last step.

As soon as each solvent was removed after final
extraction it was thoroughly stirred, and a sample
taken. The weight of each solvent was taken before
it was used in any run and after its final use in that
run. The intermediate weights when a solvent passed
from one retort to the next were not taken. In other
words, the total amount of wood in the three units

L THIS JourNAL, 4 (1912), 789; also F. S. Bull. 109, “Distillation of
Resinous Wood with Saturated Steam.”
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of the battery was considered as the charge for the run
rather than that in each retort as a separate unit.
Since only three solvents were redistilled in any run
and these contained some rosin from a previous run,
it was not possible to determine the rosin yield from
the actual rosin recovered by the redistillation of the
solvent. The yields were determined by an analysis
of the solvents. - The total yields from several runs
checked very well with the analyses.

ANALYSES

The efficiency of any extraction was based on a
comparison of the amount of rosin in the solvents, as
determined by an analysis, and the amount of rosin
contained in the charge, as determined by an analysis
of an average sample of the wood.

woop—A sample of the charge was taken by quarter-
ing the wood in each retort until the desired amount
(about '/, 1b.) was obtained. A portion of the sample
from each retort was then ground to the fineness of
sawdust and a moisture determination made by the
xylol method,! generally employed in estimating
moisture in wood which contains a volatile oil. An
equal portion of the finely ground sample from each
retort was extracted in a Soxhlet with chloroform.
On drying the extracted sample to constant weight at
110° C. the weight of the wood free from moisture,
rosin, and-® volatile oil was obtained. The extract
from the Soxhlet was then evaporated in an oil bath
kept at 150° C. After the chloroform had all dis-
tilled off a small jet of steam at slightly reduced pres-
sure was passed through the rosin. This was con-
tinued for !/, hr. and the residue was then dried by
using a much higher vacuum for !/,-hr. intervals,
without the steam, until the rosin showed a loss of
less than o.2 per cent for two successive treatments.
Continued heating caused some decomposition, so
that drying could not be carried to constant weight.
The final residue was then taken as rosin. Since
moisture and rosin and the extracted wood were
determined the volatile oil was estimated by difference.
The method is not entirely satisfactory, but since it
is not practicable to determine volatile oil in so small
a sample, and thus determine rosin by difference, it
was felt that rosin could be determined as the non-
volatile chloroform extract. Duplicates checked with-
in 0.003 to o.0o5 per cent and errors that were large
enough to be of consequence to the experiment fell
back on the sample itself. It is, furthermore, not

strictly correct to compare the petroleum extraction

with the chloroform control since there were probably
small portions of the rosin that were insoluble in
petroleum but were soluble in chloroform.? The ex-
traction efficiencies were, therefore, lower than if
based on the total petroleum soluble rosin present in
the wood.

EXTRACTION—The yield of rosin in the tests was
determined, as stated above, by an analysis of the
The amount of rosin in a weighed
portion (about 200 g.) was determined in practically
the same manner described for estimating the rosin

1 F. S. Circ. 134, “Estimation of Moisture in Creosoted Wood.”
2 Allen, “Commercial Organic Analysis,’"” chapter on Colophony.
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F16. III—EFFECT OF

PRESSURE OF
Chip, 3/1s in.

Extraction, 15 min.

F16. II—EFFECT oF TiME

Chip, ¥/16 in.
Pressure, 0 1bs.

in the chloroform extract, except that the residue
was not steam-distilled because no appreciable amount
of high boiling oils, such as pine oil, was left in the
wood and rosin after the chips were thoroughly
steamed.

SCOPE OF EXPERIMENTS

The experiments in this first series included a study
of the more important fundamental operating variables
‘on the efficiency of the extraction: (1) time, (2) pres-
sure, (3) size of material, (4) moisture, and (5) effect
of rosin 'content on the percentage yield of rosin,
based on the amount originally present. The tests
also included a preliminary study of the suitability
of the extracted material for paper pulp. Two sizes
of chips, averaging 3/ys in. and %/s in. with the grain
of the wood, were selected for the tests. The 3/;5-in.
chip is larger than the usual commercial chip used
in the extraction process, but is considered the minimum
size for making pulp. The material was prepared
in a semi-commercial pulp chipper. The wood in
each case comprised the whole of the stump including
the outer bark. All of the stumps had the roots re-
moved and were practically free from earth and sand.

TABLE II—EFFECT OF VARIOUS FACTORS ON EXTRACTION OF ROSIN

PRES- %% RoOSIN
EFFECT Run TiMe CHip SURE  ROSIN YIELD
ILLUSTRATED No. Min. In. Lbs. 1N Woop Per cent

Ao ¥y ER e R 1 15 3/16 0 29.92 72.6
2 45 3/16 0 25.10 75.0

3 15 3/16 30 23.00 91.60

4 45 3/16 30 25.92 93.70

11 15 5/8 30 12.90 68.5

12 45 5/8 30 12.23 68.9

PRESSURE ¢35 v slaralictals orsia e s 1 15 3/16 0 29.92 72.6
6 15 3/16 30 27.43 94.3

) 15 3/16 55 29.35 85.3

2 45 3/16 0 25.1 75.0

4 45 3/16 30 25.92 93.7

SIZRZOF: CHIPIR VR I o 9 15 3/16 30 10.73 88.8
11 15 5/8 30 12.9 68.5

4 45 3/16 30 25592 9337

12 45 5/8 30 12%S 68.9

MoisTurE, High......... 9 15 3/16 30 10.73 88.2
L OW o8 SO s 10 15 3/16 30 10.7 7251

ROSIN CONTENT.........
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RESULTS

EFFECT OF TIME—Fig. II, based on the results of
Runs 1 and 2 (Table IT), shows the progress of the ex-

F16, IV—EFFECT OF SIZE
CHip

Pressure, 30 lbs.
Extraction, 15 min.

Fic, VI—EFFECT OF ROSIN
CONTENT
Chip, 3/16 in.; Pressure,
30 lbs.; Extraction, 15 min.

F16. V—EFFECT OF
MOISTURE
Chip, %/16 in.; Pressure,
30 1bs.; Extraction, 15 min.

‘traction. The curve is obtained by plotting the per-

centages of rosin recovered as ordinates, and the time
the solvent was in contact wrth the wood as abscissas.
Referring to Table I, which shows the procedure
used in the test, it is seen that in any run Solvent I
is in contact with the wood only for the unit time,
which is 15 min. for Run 1. Solvent II, how-
ever, is in contact with the wood twice as long as
Solvent I, Solvents III and IV three times aslong as
Solvent I, and Solvents V and VI for the same time
as Solvents IT and I, respectively. The units on the
abscissa, therefore, represent the progress of extrac-
tion. Since each solvent was analyzed before its
first and after its last application, the proportion
of the total rosin extracted by each solvent in any
run could be determined.

It will be seen that the effect of increasing the time
from 15 to 45 min. is slight for the three sets of condi-
tions used, and for practical purposes 15 min. is evi-
dently the maximum time necessary. In Runs 3 and
4, which gave the highest yields, the efficiency was in-
creased only 2.1 per cent when the time was in-
creased threefold. In Fig. II it will be noticed that
in the 15-min. extraction a larger proportion was re-
covered with the first two solvents than when the time
was 45 min.. This same condition was shown in
corresponding curves for Runs 3 and 4 and 11 and 12,
but no logical explanation of this was made evident
during the experiment.

EFFECT OF PRESSURE—The progress of the extrac-
tion for Runs 1, 5 and 6, shown in Fig. III, is typical
of the effect of pressure. The figure shows that the
rosin recovered was increased from 72.6 per cent
to 94.3 per cent by increasing the pressure from
o to 30 lbs. At 535 lbs. pressure there is an ap-
parent break in the curve, and a decided decrease .
in per cent recovery as compared with 3o lbs. pressure.
Since, in a study of the penetrance of creosote in long--
leaf pine heartwood at the Forest Products Labora-
tory,! a decided decrease was noted as the pressure -
was increased from so to 75 lbs., the cause of the de-
creased efficiency of extraction may be a physical

1U. S. Dept. of Agric., Bull. 101, ‘“Relative Resistance of Various.
Conifers to Injection with Creosote.”
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one. It seems more probable, however, that the
explanation is more of a chemical nature and may
be due to an increase of the insoluble constituents
of the rosin at the higher temperatures, although
there was no apparent effect of the higher tempera-
tures on the quality of the 'rosin recovered. The
effect of increasing the pressure in the 45-min. ex-
traction was practically the same as for the shorter
time. ;

EFFECT OF SIZE OF CHIP—Fig. IV shows the curve
of extraction for Runs 9 and 11. Increasing the size
of the chip to °/s in. decreases the efficiency of ex-
traction from approximately go to about 70 per cent,
and the result is practically independent of the time
of extraction. In the studies of the penetrance of
creosote in longleaf pine heartwood referred to above,
it was also shown that the ratio of longitudinal to
radial penetration was 26 : 1, and of longitudinal to
tangential was 100 : 1. For practical purposes the
action of the solvent is, therefore, almost entirely
in the longitudinal direction, which is also the same
direction as most of the resin ducts, that is, with the
grain in the wood. The decrease in the rosin removed
from the longer chips is then undoubtedly a ques-
tion of decreased penetration of the solvent into longer
resin ducts. Since giving the solvent a longer time
to penetrate does not increase the yield, as seen in
Runs 1r and 12, it seems safe to predict that addi-
tional pressure is necessary to penetrate to the center
of the longer chips. A continuation of those studies
will determine the accuracy of this supposition.

EFFECT OF MOISTURE—After steaming the chips
for the removal of volatile oil preparatory to extrac-
tion, it was the usual procedure to pull a vacuum of
about 20 in. on the retort for !/, hr., the retort being
kept hot by means of steam in the closed coils in
order to remove as much as possible of the excess
moisture: caused by steaming. In general, the water
removed in this way was equivalent to about 30
per cent of the dry weight of the wood, but the ratio
of this amount to the total moisture in the chips after
steaming was not determined. As several patents
call attention to this feature of the process it was
desired to determine its effect. A run was made,
therefore, in which the vacuum .was omitted and the
solvent was run directly on to the chips after steam-
ing. The results of this run compared to a similar
run in which the vacuum was used are given in Table
IT and the progress of the extraction for the two runs
15 shown in Fig. V.

The effect of removing a comparatively small
amount of moisture by the vacuum treatment is more
pronounced than might be supposed, since the effi-
ciency is increased over 135 per cent. It will be noted
in the curve that the extraction is most retarded at
the start; and it is, therefore, quite possible that the
excess of moisture is removed by the first wash, after
which the extraction proceeds more normally. When
the water has once boiled off with the gasoline vapor

! The more pronounced effect of increasing the time used in Run 4 to

that used in Run 9 may be largely explained by the higher rosin content
of the wood used in Run 4, as will be shown in the discussion to follow.
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and, on condensing :n the reflux, flows back into the
bottom of the retort, it probably does not interfere
to any extent with the extraction. By taking the
condensed solvent from the top of the trap in the
reflux line it would be possible to get rid of this excess
water in a short time, since the moisture could be
drawn off at the bottom of the trap and thus be re-
moved from the system. With such an arrangement,
increasing the time of extraction should then give
almost as high efficiency as when the chips are dried
by the vacuum unless, in addition to removing the
surface moisture, the vacuum has some mechanical
action of opening up the ends of the exposed resin
ducts and thus facilitates the penetration of the sol-
vent. It is desired to test this point in future experi-
ments.

EFFECT OF ROSIN CONTENT—These tests on the
effect of different variables were made on samples
of quite different rosin content, one lot being compara-
tively rich and varying from 23 to 30 per cent rosin,
and another lot being comparatively low in rosin
and varying from 10!/ to 13!/, per cent. An anal-
ysis of the data (Table II) from runs made under the
same extraction conditions but with chips of different
rosin content is of interest.

Runs 3, 6 and 9, made at 30 lbs. pressure and 15
min. extraction, are shown graphically in Fig. VI. -
It is seen from the table that a higher percentage of
rosin is recovered from woods of greater rosin con-
tent and the higher recovery is evident throughout
the progress of the extraction as shown in the figure.
This is probably due to the fact that there is a larger
proportion of the rosin which has saturated the cells
surrounding the resin ducts proper in the richer wood
and this rosin is, therefore, made more accessible
to the action of the solvent. The wood containing
13.5 per cent rosin is about as low in rosin as could
be extracted commercially.

SOLVENT LOSS

The apparatus used in-the test was not found to
be entirely suitable for the study of the loss of sol-
vent. Because of errors in construction the solvent
collected in pockets in the piping and it was, there-
fore, not recovered until another run. There were
also noticeable leaks at several points. In general
it was apparent that extraction under pressure tended
to increase slightly the amount of solvent retained in
the chips but there was no difficulty in recovering this
solvent on subsequent steaming. With evident leaks
in the apparatus, increasing either time or pressure

TaABLE III—SoLVENT LOSSES IN VARIOUS RUNS

CH1 PRESSURE TIME SoLVENT Loss RoOSIN YIELD
In. Lbs. in. Per cent Per cent
............ 3/16 0 15 2.38 72.6
............ 3/16 0 45 6.87 75.0
(Av.).. 3/16 30 15 3.46(a) 91.5
....... 3/1 30 45 4.30 93.7
....... 3/16 55 15 3.74 85.3
....... 5/8 30 15 3.46 68.5
............ 5/8 30 45 3.85 68.9

(a) Varied from 3.16 to 3.79.
would, of course, increase the solvent loss. The
amount lost in several of the runs is shown in Table
III. While the data do not show clearly the effect
of the different time and pressure conditions on sol-
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vent loss, it may be noted that a longer time seemed
to give a greater increase in solvent loss than a higher
pressure.

It was possible to determine approximately the
proportion of this loss that occurred in the redistilla-
tion of the solvent and this averaged about 1o per
cent of the total. The solvent loss will be taken up
in detail in a later study.

FORMATION OF A PRECIPITATE

An interesting point that came up in the experi-
ments was the discovery of a precipitate in the sol-
vent removed from the chips, especially after extract-
ing wood of high rosin content. Yaryan! calls at-
tention to a black pitchy substance which precipi-
tates out of the rosin solution and which he says is
due to the action of fire on the stumps or lightwood.
The precipitate was at first dark brown, later becom-
ing black; it was quite sticky, and was first thought
to be some constituent of the rosin insoluble in petro-
leum. Further examination indicated that it was
largely basic ferric acetate which carried down a small
amount of rosin with it. It was no doubt formed
by the attack of the iron retorts by the free acetic
acid occurring in the old wood, the acetate of iron
formed becoming the. insoluble basic salt at the high
temperature of the boiling solvent. In some of the
" runs the precipitate amounted to as much as 1 per
cent of the dry weight of the wood.

SUITABILITY OF THE EXTRACTED CHIPS FOR PULP

Only preliminary experiments have been made
with the extracted chips. It was desired first to de-
termine the quality of pulp that could be obtained
from the 3%/i5-in. chip although it seemed that this
size would give too short a fiber length for good pulp.
By using the sulfate process the unscreened chips from
Runs 6 and ¢ were cooked in a semi-commercial
digester. The time of cooking was 1 hr. in getting
up the pressure, and 2 hrs. at 1oo lbs. pressure. The
cooking liquor contained 15.7 lbs. NaOH and 7.5
Ibs. Na,S per 100 Ilbs. of wood. The pulp yield
was 43.2 per cent of the dry chips. Two beater
treatments were made on the ‘‘half stuff,”” the dura-
tion of beating being 5 hrs. in each case. In one run
the beater roll was hard down during the last hour,
while in the second run the stock was much more
dilute and the roll was set so as to give a compara-
tively light brush. The pulp was run over the ma-
chine and the sheets from the two beater treatments
gave the following strength tests. The figures from
what may be considered a No. 1 Kraft are given
in the following table for comparison.

STRENGTH ScHOPPER TEST FOLDING WEIGHT

FACTOR - Breaking Length TEST PER REAM
PAPER Points per Ib. in Meters Times Lbs.
Beater Run No. 1...... 0.72 5425 800 40
Beater Run No. 2...... 0.65 4730 367 38
NS ISR raft i Tt 1.00 6000 1500 40

While Run 1 was stronger, Run 2 gave a softer
sheet. Both were a very fair grade of No. 2 Kraft.
Further tests will be made by using the larger chips,
but since the small chip gives such promise of being

1 U. S. Patent 934,257.
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suitable for pulp, they are more desirable, since it
is possible to get so much higher yields of rosin from
them by extraction.

CONCILUSIONS AND THEIR COMMERCIAL APPLICATION

TLe results of these experiments seem to indicate
that a solution of the problem of obtdining another
product in the extraction of resinous wood by the sol-
vent process may be found in using a larger chip,
whose minimum size is %/ in., and extracting under
a maximum pressure of 30 Ibs. by using four washes
of 15 min. each. A closed type of battery in which
the vaporized solvent can be returned continuously
to the retort is advantageous for extracting under
pressure. Extraction under pressure for a short time
is shown to give much higher yields of rosin than no
pressure for a longer time.

As noted in the results given above, the yields by
petroleum extraction are based on control analyses
made by using chloroform as solvent. It was ob-
served that certain constituents of the rosin are in-
soluble in petroleum but are soluble in chloroform.
Since it is also shown that increasing the time of ex-
traction has no appreciable effect at 30 lbs. pressure,
and since 94.8 per cent were recovered under those
conditions, it would seem possible that practically
all of the petroleum-soluble rosin was extracted at
this pressure. It is probable, therefore, that a lower
pressure would be as efficient as 30 lbs. :

Chips. as small as %/y; in. are apparently suitable
for paper pulp as they gave a good grade of No. 2
Kraft by the sulfate process. Chips ‘of this size
could probably be most advantageously cooked com-
mercially in a rotary type of digester. A plant ex-
tracting wood yielding about 230 lbs. or 1.09 bbls.
of “F’ grade rosin per ton (89 per cent yield of 14.0
per cent rosin), which is about the minimum for
practicable commercial operation, would _produce
extracted chips suitable for making about 750 Ibs.
of pulp per ton of wood. A so0-ton extraction plant
would then supply a 20-ton pulp mill, or since an ex-
traction plant might require about three-quarters of its
extracted chips as fuel in case it were not advantageous
to buy other fuel, a 200-ton plant would have chips for
fuel and still could supply a commercial pulp mill of
practicable size.

It is difficult to give cost figures to cover the variety
of contingencies met with commercially, but the fol-
lowing estimates of average practice show clearly
the effect on the net returns of obtaining extracted
chips as an additional valuable by-product.

Cost ESTIMATE PER TON ON 200-TON EXTRACTION PLANT
Cost of Operation Prices for past 15 yrs. Returns at Average

W OOD T At e s tte AIS i e R REas $ 2.25 6 gals. turpentine and pine
SOLVENT: 7}/a gals. at 12 c..  0.90 oiliat 40 cHLEE IR Il $ 2.40
FueL: 3/ ton extracted 250 1bs. rosin at 1.5 c.
chips at no cost... 0.00 (3.771/2 per mnet bbl,
COOPERAGE .......... SR 0.65 0f:230:1bs?) S nat e 3.75
Superintendence and Labor. 0.87
Selling and shippinz, includ- $6.15
ing:freight i s sri Sins. 0.72 Cost of operation......... 5.92
Taxes, insurance and depre-
ciation over 15 vears...... 0.35 Netiprofit i e sty $0.23
Repairs and miscellaneous.. . 0.18  Selling price 250 Ibs. ex-
tracted chips at $1.00 per
$5.92 fon R e Gl s 0.25
Net profit with chipsasby-
Prod it e A S 0.48
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The plant would pay 5.5 per cent on an invest-
.ment of $250,000 without the chips and 11.35 per cent
assuming the chips to be worth $1.00 per ton for
pulp, which is a low estimate since the material would
be in condition for immediate pulping.

FOREST PRODUCTS LABORATORY
MAapisoN, WISCONSIN

SOME STUDIES OF SOAP SOLUTIONS
By Vicror LENHER AND MARY V. R. BUELL
Received April 3, 1916 2

The chemical analysis of a soap shows only the con-
stituents of which it is composed. The results-indi-
cate the content of water, fatty acid as soap, un-
saponifiable matter, alkali (combined or free), glyc-
erin, salt, filler, etc. No satisfactory method has
been proposed for the determination of the real value
of a soap, namely, its cleansing power. From the
time of Chevreul, one of the first to study soap, to
the present day, considerable literature has accumula-
ted on the cleansing power of soap. Some of the work
is experimental, and some is purely speculative, but
with all the thought and energy which has been ex-
pended on this subject it must be confessed that
we do not possess sufficient data to explain satisfac-
- torily the phenomena ordinarily exhibited by soap
solutions, nor can the chemist tell the laundry how
much soap is required to remove a definite amount of
dirt or wash a given weight of soiled clothing.

Various phases of the question as to how soap
acts as a detergent have been studied at different
times. These studies are well summarized by Bancroft
in’ his papers on emulsification, now running in the
Journal of Physical Chemistry.

The various methods which have been suggested
from time to time for the evaluation of soaps, have
depended largely on the use for which the soap is in-
tended. Hillyer! divides soaps into two classes:
those used with cold or lukewarm water, such as
toilet soaps; and those used with boiling water, as
laundry soaps. His method for determining the de-
tergent value of soap is by the Traube stalagmometer
method for determining the surface tension of a soap
solution against a kerosene which he arbitrarily
adopted as a standard. The number of drops formed
in a given length of time is segarded as a measure
of the amount of soap in solution, the emulsifying
power of the soap, and its cleansing power. The num-
ber of drops is referred to a curve obtained by running
standard solutions of neutral sodium palmitate through
standard kerosene and the relative efficiency of the
soap is thus approximated. In testing soaps intended
for use with hot water, the whole of the apparatus is
surrounded by a water bath which is kept at the de-
sired temperature. '

Luksch? attempted to determine the efficiency
of a soap by coloring pieces of chiffon of different
sizes and washing them under the same conditions
in a washing machine. The results varied 1o per cent,
but were sufficiently accurate to show the difference
between different soaps. He also studied the weaken-

1J. Am. Chem. Soc., 25, 1256.
2 Seifensieder-Zig., 40, 413, 444.
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ing effect of the soaps on the fibers by making tensile
strength determinations.

SURFACE TENSION—In most of the theories which
have been brought forth to explain the detergent
value of soap, surface tension has played an important
part. In order to study the relation between surface
tension and concentration, a number of experiments
were made by means of the Traube stalagmometer.
While the Traube stalagmometer method for surface
tension determinations possesses certain objections,
these errors are of minor rather than major character.
It was found to suffice in this work, inasmuch as the
results are comparative.

A bulb was blown in the stalagmometer so that ;3
cc. would be the quantity delivered, and a device used
whereby the pressure could be regulated. The whole
was surrounded by a water bath and the outlet al-
lowed the drops to form in the air or in a given liquid.
In the measurements made by this method, the num-
ber of drops were counted and the time taken when
a definite volume of liquid was allowed to flow out
through the pipette.

Sodium oleate solutions were prepared from pure
sodium hydroxide and very pure oleic acid. When
soap solutions are made to form drops under the sur-
face of an oil or of a liquid immiscible with water,
the number of drops formed is much greater than when
an equal volume of water is made to form drops under
similar conditions, that is, the surface tension be-
tween oil and water is much greater than the surface
tension between oil and soap solution, or, the surface
tension is inversely proportional to the number of
drops formed. The relation between concentration
of soap solutions and their surface tensions toward
some liquids immiscible with water is shown in the
accompanying curves. In all cases the temperature
was controlled at 25°. :

The first point on each of the curves is not as accurate
as the others because at the N/1o concentration
hydrolysis is fairly rapid. The significance of the
points is that they show the general direction of the
curves. The error of the observations is considered
to be approximately o.3 per cent. Theoretically,
the point of minimum surface tension should be at
the point at which the maximum number of drops is
formed. In all of the cases investigated, with the
single exception of the experiment with air, the sur-
face tension was lower with the concentrated solutions
than with the dilute solutions, and the general direc-
tion of the curves is the same.

It has been observed that the surface tensions
of sodium oleate solutions toward air are increased
with the dilution. The actual surface tensions of
various concentrations of sodium oleate solution
toward air were found by the Traube stalagmometer °
method to be at 25° as follows, expressed in dynes
per centimeter:

N/10 N/20 N/40
28.20 26.21  25.33

N/80
24.17

N /160
24.77

N/320 N/640

N/1280
2429155525755 8

41.2

By the same method water showed 71.78 toward
air. It is interesting to note that with N /10 to N /320
sodium oleate there is such a small variation in the
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surface tension, especially when the surface tension

. is so different from that of water. The solutions in
this range of concentration are the ones which foam
so well. When a dilution of N/640 is attained the
solutions commence to take on a milky appearance.
The fact that the foaming is so much more profuse
between N /8o and N /320 affords evidence to the view
that in these concentrations we have the soap acting
as an emulsifier to produce the foam' which is an
“emulsion of air in soap solution.”

While the above observations were taken at 25°, a
study was made at temperatures of 20, 22, 24 and 25°,
and it was found that within this range of tempera-
ture the surface tension measurements if plotted as a
curve form a straight line, showing that the rate of
flow is directly proportional to the temperature.

EMULSIFYING ACTION OF SOAP

Following the lines of our modern methods of pre-

paring emulsions, the emulsifying power of soap was,
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paratus found to be best adapted for the purpose
was a thin stirring paddle  made of German silver,
in which a large number of holes were cut.
The paddle was electric motor-driven and the jar
in which it was revolved was immersed in a constant
temperature bath. i

Whenever possible, equal volumes of water and
immiscible liquid were used and the amounts of soap
varied. In the first experiments, the object was to
ascertain the minimum quantity of soap which would
act as an emulsifier under definite conditions. An
emulsion was considered satisfactory if there was no
visible separation of either constituent at the end
of 5 min., the time of stirring being 5 min. This
standard is not so arbitrary as it might seem at first
sight, because in most cases if the emulsion separates
at all, it does so’ in the first half-minute. This is
especially true of the emulsions produced at the lower
temperatures. A test of the accuracy of the method
showed that a difference of o.1 cc. N/20. sodium
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studied. Emulsions of kerosene and water were made
by shaking kerosene with an excess of soap solution
in a wide-mouthed,  glass-stoppered bottle. After
the mixtures had stood for a few minutes, the excess
of soap solution separated out at the bottom of the
bottle, leaving all of the kerosene emulsified in the
upper layer. These emulsions remained permanent
for months. If insufficient soap is present when one
attempts to make an emulsification of this character,
either no emulsification or only partial emulsification
takes place.

In order to study this emulsifying action of the soap
with water and immiscible liquids, it is noted that,
as with other emulsions, simply a uniform shaking,
such as given by a shaking machine, is insufficient.
A shaking machine, even when running at high speed,
gives unsatisfactory results. In fact, a shaking ma-
chine does not give as satisfactory results as does
the jerky double motion given by hand. The ap-

‘readily detected.

oleate solution, corresponding to o.oors g., could be
In the results given, the accuracy
has not been worked out to such a high degree, but is
approximately o. 5 cc. N /20 sodium oleate, or, 0.0075 g.
The experiments were conducted at 20° and the water
used was highly purified.

SopIuM OLEATE
NECESSARY FOR

WATER EMULSIFICATION
SUBSTANCE Grams
S0 ceiiTurpentine it ion st as 50 0.6331
50 cc. Carbon Tetrachloride........ 50 0.1140
S0 ccliChloroform s i St e TS 50 0.7824
S50 ¢y Benzol B S s e o 50 0.9804
2137 Vaseline B unaininat A TIna N 50 1.5200

It is obvious that entirely different amounts of soap
are necessary to emulsify under the same conditions
the same volume of different substances which are
immiscible with water. The experiment with vaseline
can hardly be compared with the others, nor is its
accuracy so great on account of the physical condition
of the vaseline, but is introduced simply to show its
behavior under these conditions.
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EFFECT OF CONCENTRATION ON EMULSIFICATION
The effect of the relative amount of water present

in emulsions with turpentine was observed.

N /20 Sopium  TorAaL SopruM
OLEATE VoLume OLEATE
TURPENTINE  WATER NECESSARY OF WATER NECESSARY
(&0 (&0, Cés Gt Gram
25 0 30 30 0.4560
25 25 18 43 0.2736
25 50 . 8 58 0.1216

It follows from these results that weak solutions
of sodium oleate are more economical in the emulsi-
fication of turpentine with water than the more con-
centrated solutions. It is, therefore, apparent that
the volume of water in which a given amount of soap
is dissolved is an important factor in its detergent
effect.

Er¥eEcT OF TEMPERATURE ON EMULSIFICATION

SopiuM
OLEATE
WATER NECESSARY

TEMPERATURE SUBSTANCE el Gram
20° C 50 ce. Chloroform 50 0.7828

50° 50 ce. Chloroform 50 0.4636

20° 50\cc. Olive Oil 50 0.6384
100° 50 ce. Olive Oil 50 0.3040

It is evident from these observations that a definite
amount of sodium oleate will emulsify more of these
materials at high temperatures than at low tempera-
tures. The emulsions produced are, however, not so
stable at high temperatures as the low temperature
emulsions. -~ The emulsions were, however, permanent
for 3 min. in all cases. For this kind of a study no
objection can be raised to emulsification of this
character, inasmuch as in the actual process of washing,
as soon as the emulsion is formed, it is washed away. It
is in general true that sodium oleate solutions wash more
efficiently at high temperatures than at low. Soaps
which are relatively high in oleic acid content are
often spoken of as cold water soaps. From this it
might be inferred that they wash better in cold water
than in hot. This is not the case. It is true that
they wash better in cold water than the stearate or
palmitate soaps, which have only a slight detergent
action in cold water. In general, the oleates wash
better in hot water than in cold. '

EFFECT OF AGE ON SOAP SOLUTION

Strong solutions of sodium oleate decompose on
standing with the formation of a precipitate which in
chemical composition is an acid soap. This precipi-
tate is relatively insoluble and cannot be entirely
brought back into solution by boiling. Experiments
were made to find the relative emulsifying power of
fresh N/1o sodium oleate solutions, and of N/1o
solutions in which this precipitate had formed. The
solutions were thoroughly shaken in order to insure
the precipitate being uniformly suspended through

the solution.
3 Soprunm
WATER ADDED TO

OLEATE
MAKE UP TO NECESSARY
SUBSTANCE (B AGE Gram
50 ce. Chloroform........ S50 Fresh 0.7828
50 ce. Chloroform........ 50 3 mo 0.7904
50 ce. Chloroform. ...... 50 41/2 mo. 0.7965

From these experiments it is evident that the emul-
sifying power of sodium oleate solutions is impaired
only very slightly by the hydrolysis, and a soap solu-
tion which has stood for a long time washes appar-

AND ENGINEERING CHEJ!/[[STRY : 703

ently as well as water in which the soap has been freshly

dissolved.

COMPARATIVE EMULSIFYING POWERS OF
SOAPS WHEN USED HOT

THE SODIUM

A comparison of the emulsifying powers of pure '
sodium oleate, stearate and palmitate has been made.
N /20 solutions of the three soaps were prepared
from the pure fatty acids and pure sodium hydroxide.
The solutions of the stearate and palmitate were pre-
pared hot. Both the stearate and palmitate solu-
tions solidify to a jelly on cooling. It is obvious
that when a sufficient concentration is necessary to
emulsify an immiscible liquid with water, it is necessary
that these soaps be used at a high temperature. Such
liquids as benzol, carbon tetrachloride and chloro-
form as were used at lower temperatures were not
serviceable at 100° Highly inflammable liquids
could not be used in our apparatus; hence olive oil
was selected as the most satisfactory liquid for the
purpose. The end-points are not as definite at high
temperatures as at 25° The oil was well emulsified
by very small quantities of soap, but a cdnsiderable
excess of soap is necessary to render the emulsions

permanent for 5 min.
OLivE  WATER TO -
OIL  MAKE UP TO .
TEMPERATURE ot . Ce. REQUIRED FOR EMULSIFICATION

100° C. 25 25 0.1672 g. Sodium Oleate

100° 25 25 0.1390 g. Sodium Palmitate
100° 25 25 0.2250 g. Sodium Stearate

In this comparison it appears that at r1o00°

sodium palmitate emulsifies olive oil more efficiently
than the oleate or the stearate. These data are very
suggestive as to the relative detergent values of the
three soaps at the boiling temperature, but more ex-
periments should be made along these lines with various
substances before it is possible to generalize.

SUSPENSIONS

In studying the action of soap solutions with sus-
pended mattér, such as ferric oxide and manganese
dioxide, concentrations of sodium oleate from N /2o
to N/1280 were used. 250 cc. of the sodium oleate
solutions were shaken up with the sifted minerals
and allowed to stand from 5 days to 3 weeks. The
results with the two minerals were of the same order,
and though it was impossible to make accurate quan-
titative measurements, it was noted that the max-
imum suspension invariably occurred with about
N /320 solution.

Further studies on soap solutions are in progress in
this laboratory.

UNIVERSITY OF WISCONSIN, MADISON

VANILLA EXTRACT
By J. R. DEAN AND J. O. SCHLOTTERBECK
Received January 3, 1916
(Concluded from our previous issue)

SECOND-GRADE EXTRACTS
The conclusion reached in regard to the use of alkali
was entirely in regard to a first-class extract where
the aroma of the extract is of the greatest importance.
It is often  desirable, however, to prepare second-
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grade extracts, either from second-grade beans or from
the dregs left in the manufacture of the highest grade
product. Here it would seem that the use of a little
alkali might prove of value. These secondary ex-

. tracts are never of as high a quality as the first-grade
extracts and are usually incorporated into substi-
tutes or imitations with coumarin or tonka extract.
By the careful use of alkali it would be possible to
obtain a nicely colored product and,. although its
flavor would not be equal to a pure extract, the addi-
tion of vanillin, coumarin or tonka extract, would
tend to make up this lack of flavor. Such an extract
could not be sold as a pure extract of vanilla and it is
not a very difficult problem to prove that such an ex-
tract is not official.

It is doubtless certain that there are a great num-
ber of such extracts on the market, some of which are
represented to be straight extracts. Their flavors
differ greatly, but some are fairly good and are com-
parable with some straight extracts. There is a differ-
ence, however, and it will usually make itself appar-
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The behavior of the ash indicated that an alkali had
been used on exhausted beans and that the extract
had not been made from prime vanilla beans. The
flavor of this extract was fairly good, but it was far
from being equal to a pure extract of vanilla.

SUGAR, SAND AND GLYCERIN

Sugar and sand, independently and together, packed
with the beans in the percolator, tend to make possi-
ble a more uniform pack and reduce the chances of
the menstruum forming canals through the pack,
leaving part of the beans untouched. We made
several extracts with both sugar and sand and each
separately to see if either would be of any more ser-
vice than the other in yielding a more complete ex-
traction, but it was found that they are of about the
same value.

In Table I we report the results obtained from ex-
tracts made with both, together and independently.
In some of these, especially those made from undried
beans, there were noticeable variations, but the varia-
tions were not constant and often conflicting. This

TABLE IV—DIFFERENT MENSTRUA WITH AND WITHOUT SUGAR, SAND AND GLYCERIN(a)

PERCENTAGES LEAD ExtracT COLOR

BEANS Alcohol Vanillin No. Red Yellow
Mexican i seanis 60 0.19 0.70 33.0 103.0
60 0.19 0.65 35.0 103.0

60 0.16 0.69 41.0 123.0

35 0.17 0.82 31.0 75.0

35 0.17 0.79 28.0 75.0

35 0.18 0.80 40.0 90.0

BOHLbON &> it s s aita 60 0.19 0.61 34.0 108.0
60 0.19 0.57 39.0 119.0

60 0.20 0.58 43.0 133.0

35 0.17 0.71 30.0 73.0

35 0.17 0.66 31.0 78.0

35 0.19 0.68 50.0 110.0

L ahiti s T 60 0.11 0.43 13.0 40.0
0.11 0.44 15.0 40.0

0.11 0.43 24.0 53.0

0.09 0.39 15.0 30.0

0.09 0.44 15.0 33.0

0.10 0.40 15.0 33.0

0.20 0.49 24.0 77.0

0.20 0.53 31.0 92.0

0.19 0.55 32.0 104.0

0.17 0.58 35.0 113.0

0.15 0.59 35.0 111.0

‘20to 23 cm. long..... .. 0.20 0.52 30.0 99.0
15to 19 cm. long..... .. 0.18 0.55 32.0 100.0
10 to 14 cm. long..... .. 0.18 0.56 33.0 104.0

(a) U. S. Dept. of Agr.. Bur. of Chem., Bull. 152, p. 157.
glycerin extracts contained 20 per cent glycerm
ent on a close comparison with a pure extract. The
chief difference lies in the delicacy of the flavor and
in the way in which these extracts deteriorate with age.

The analysis of some of these extracts compare
very well with the analyses of a pure extract in regard
to vanillin and color, and often even in the lead num-
ber value. The total acidity of an extract made with
alkali is usually lower and the alkalinity of the ash
is usually higher than that of a pure extract. These
cheap and alkali-made extracts yield an ash more
quickly than do the pure ‘extracts and the nature of
the ash is often very different.

We had occasion to examine an extract that was
called ‘“Extract of Vanilla,” ‘‘ Non-Official,”” and which
was claimed to have been made from prime vanilla
beans. The vanillin content was normal, about o.18
per cent; the lead number was low, about o.300;
the color was normal and the extract was perfectly
clear. The total acidity, however, was only half
of that of a pure extract and it was found that the
solids of the extract burned with great ease, leaving
an ash that contained a very large amount of iron oxide.

(b) The beans in the glycerin extracts were rubbed up twice their weight of sand.

FiLTrRATE COLOR RATIO OF RED TO YELLOW
Red VYellow Extract  Filtrate
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Alcohol and sand
Alcohol and sugar
Alcohol and glycerin(b)
Alcohol and sand
Alcohol and sugar
Alcohol and glycerin

Alcohol and sand,
Alcohol and sugar
Alcohol and glycerin
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Alcohol and glycerin
Alcohol and sand
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Alcohol and glycerin
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was especially so in regard to the dried bean extracts
where about the same results were obtained from three
extracts made in all three ways. Thus in extract No
16, the lead number was o.8034 and both sugar and
sand were used; in extract No. 17, the lead number
was o.8or1r and only sand was used; and in extract
No. 24, the lead number was o.8095, and only sugar
was used. The color values of all of these three
extracts were about the same. The samples contain-
ing the sugar were a little cloudy and this was found

_to be the case in every extract made by packing the

beans and sugar together in the percolator, and would,
it seems, prove that sugar should never be packed
with the beans but should be added to the percolate.
Glycerin, however, does tend to increase the color
of the extract and should be added to the menstruum.
In Table IV we have copied, in part, the results ob-
tained by the Bureau of Chemistry of the Depart-
ment of Agriculture, in their work on vanilla extract
relative to the use and value of 35 and 6o per cent
alcohol, with and without sugar, sand and g.vcerin.!
1 U. S. Dept. of Agr., Bur. of Chem., Bull. 1562, 158.
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These results agree with ours in that glycerin is of
value in making a darker extract. And, also, that
there is no preference between sand and sugar.
Glycerin also serves to give the desired ‘“‘body”
or gravity to the extract and imparts a sweet laste
that is often desired. Some manufacturers use both
sugar and glycerin in their extracts, the glycerin
being added to the menstruum and the sugar to the
percolate.!
GRADE AND LENGTH OF BEANS

In Table IV we have also included the results ob-
tained by the above observers on extracts made from
vanilla beans of different grades and lengths. These
figures show that, in general, the highest grade beans
of all the various varieties contain the most vanillin,
decreasing as the grades become lower. The lead
numbers and color values, on the other hand, were
found to increase as the grades decreased.

The vanillin content of the longest beans was found

to be higher than that of the shorter beans. The lead
numbers and color values were the same here as with
the different grades of beans, being increased -as the
beans were shorter. These differences, although slight,
point to a small degree of inferiority of the Shorter
beam Z

THHE SOLVENT  ACTION 'OF VANILLA EXTRACT ON
CERTAIN METALS

The solvent action of vanilla extract on metals is of
twofold interest to the manufacturer. In the first
place the deterioration of the containers used to manu-
facture and store the extract is of great importance
from a straight economical viewpoint and the presence
of some metals in the extract is of no lesser importance
from the viewpoint of their toxic effects. It is well
known that vanilla extract has quite a solvent action
on some metals,® especially copper, and that the food
authorities obizct seriously to the presence of copper,
lead, etc., becuuse of their toxic properties It was
for the purpcse of determining the relative solubility
of certain metals in vanilla extract that the following
experiment was carried out:

Pieces of pure tin, copper, aluminum. zinc, lead,
nickel and silver 1 cm. sq. were placed in 25 cc. por-
tions of vanilla extract and allowed to remain at room
temperature for two months. At the same time a
piece of gold foil and a piece of ‘‘ Monel metal’ wire
were treated in the same way. The original weights
of all the metals were known. After the two months
of exposure to the extract, the metals were again
weighed in order to see how much of the metal had
_ gone into solution during that period of time from a
surface of 2 sq. cm. in 235 ce. of the extract. This
equals a unit square surface t: 12.5 units of volume
or 4.68 sq. in. to one gal I'he results are recorded
in Table V.

The object in trying out gold and silver was partly
to make the experiment more complete, but chiefly

1 Special attention is called to this article on vanilla extract, for it
is by far the most complete to be found in the literature on this subject.
Especial attention is given by it to the analytical data obtainable from
vanilla extracts made in various ways.

2 U. S. Dept. of Agr., Bur. of Chem., Bull. 152, 156.

31914 Minutes of the F. E. M. A. Convention, p. 42.
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to see if it would be practical to use either gold- or sil-
ver-plated containers in connection with vanilla ex-
tract. Either of these two metals would be ideal if
the cost of the plating is not prohibitive and if the
containers are not subjected to sufficient friction to
quickly wear away the rather thin coating of the
metal.

The next best metal was found to be tin and is no
doubt the most practical of all. Tin dissolves to
some extent but, according to our experiments, at a
much slower rate than any of the other metals, ex-
cepting gold and silver.

TABLE V—MILLIGRAMS OF METAL DISSOLVED BY EXPOSURE OF 2 Sg. Cum.
OF SURFACE TO 25 Cc. oF VANILLA EXTRACT FOR Two MONTHS

Sil- Alumi- Monel
Gold  ver Tin num Lead metal Nickel Zinc Copper
0.0 0.0 1.8 3.2 3.6 4.8 5.8 7.2 8.0

Aluminum has the peculiar property of becoming
pitted when it is exposed to vanilla extract. Both
of the samples of aluminum which we experimented
with were soon eaten through, one on the edge and the
other well towards the center of the square. This
pitting property of aluminum would make it unfit
for use in connection with vanilla extract if the same
result is obtained where the surface of the metal is
exposed to the extract on only one side, as would be
the case in a container. 5

The color of the samples of extract which contained
the pieces of copper were very different from the sam-
ples containing the other metals; there was a sugges-
tion of green in the color which made them very un-
sightly. We accidentally obtained this same thing
in a much magnified form in some extracts prepared
by suspending the chopped beans in copper wire

" baskets in the upper portion of the menstruum. At

the end of one month these extracts had a greenish
caste and were a vivid green at the end of two months.
Half of the extracts were prepared from undried
beans and half from dried beans; and curiously enough,
the dried bean extracts were the first to show the green
colors. The rate of solution of copper would make
its use undesirable and all copper vessels which are
used in connection with vanilla extract should be
heavily coated with pure tin and watched closely
in order to prevent exposure, due to the wearing away
of the tin.

The sample of extract which contained the piece of
nickel seemed to be darker than the rest and had a
blackish appearance very similar to that produced
in vanilla extract by metallic iron.

There was nothing of interest except the solvent
action of the extract in the cases of the other metals.
It is certain that copper, aluminum, lead and zinc
should not be used from their solubility, and copper
and nickel are undesirable from the color viewpoint
as well as from their solubility. The sample of  Monel
metal”’ did not alter the color of the extract and, in
view of the fact that this sample was in the form of a
wire which exposed a great amount of its surface, it

- would seem that this alloy might prove of service.

It is noted for its non-rusting ability which would
make it very easily kept clean and bright.
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AGING VANILLA EXTRACT

The aging of vanilla extract is a part of the manu-
facture of the extract that seems to have received
all too little attention. Most manufacturers agree
that aging is beneficial but there is little agreement
as to either the period of aging or the temperature
at which it should be done. In fact, the literature
contains nothing on this subject beyond the simple
fact that the flavor is improved if the extract is aged.

It is well known that whiskey is greatly improved
by aging and a long study has been made on this sub-
ject. And, from the similarity in the alcoholic con-
tent and the fact that both of these substances owe
their chief value to their aroma, it seems logical to
consider the problems as being closely related, and to
apply, as best we can, the facts learned from this in-
vestigation on whiskey.! :

In part, the conclusions of this investigation are
as follows:

A chemical change takes place in whiskey when
stored in wood, for three or four years in which acids,
aldehydes and esters are formed and which reach a
state of equilibrium at this age which is maintained
thereafter, any improvement of the flavor after this
time being largely due to a concentration of the reduc-
tion of the volume. This reduction of the volume
is also largely due to loss of water and accounts for
the increase of the alcoholic content of whiskey after
being stored. It is their opinion that the water passes
through the wooden barrels, by a process of osmosis,
at a much greater rate than does ethyl alcohol, and
that the same selective action is shown with the acids,
aldehydes, and esters. It is evident that the changes
taking place in the spirit is dependent on the storage
of the spirit in porous receptacles as none occur when
the spirit is placed in glass, tin, or even barrels, the
inside of which has been covered with paraffin or glue.
It is also evident that the condition of the outside of
the barrel, as to moisture, temperature, etc., will
have a decided influence on the rate of osmosis.

REDUCTION OF VOLUME

They also found that whiskies which had been
aged at low temperatures suffered a comparatively
low loss in volume but at the same time they were not
matured to anything like the same degree ‘as those
which were stored at higher temperatures and which
lost considerable of their volume.

REDUCTION IN VOLUME OF WHISKIES DURING STORAGE
BourBoN (a) RyE (b)

VorLume Gal. Loss—Per cent Gal. Loss—Per cent
Original.. ool voidis 47 .4 46.7
First year... .. 43.9 8 42.8 8.4
Second year. .. Notgiven .... 40.5 14.0
Third year. . o401 15 37.7 19.0
Fourth year ria 3852 22 35.2 27.0
Eighth year......... 3255 31.5 24.2 48.0

(a} Stored at 80° F. in summer and 45° in winter.
(b) Stored at 80 to 85° F. during entire year.

. It was found that the greater part of the chemical

changes had taken place at the end of the first year

and, with the exception of only a few cases, the re-

maining changes were small as compared with that

of the first year.

taste and the production of color are two items of
! Crampton and Tolman, J. Am. Chem. Soc., 30 (1908), 98.
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great importance in whiskey aging that would not
enter into vanilla extract aging at all and, since the
larger amount of the chemical changes take place in the
first year, it would seem that a one year’s aging would
be the most profitable. From the above evidence
it would also seem that the extract ought to be aged
at room temperature and in wooden barrels, that are
not painted, in order to permit the process of osmosis.

METHODS OF MANUFACTURING VANILLA EXTRACT

The methods of manufacturing vanilla extract are
very numerous and varied in character. They range
from plain percolation to-hot maceration under the
influence of strong agitation and extend over periods
of time varying from twenty-four hours to one year.
Each different method contains some good and some
bad features, producing extracts that vary quite a
little in their physical and chemical properties, as
well as in their flavoring ‘strengths. There is no one
method which all manufacturers agree in calling
the best, in fact, favorable comment can be obtained
for most any of the methods, some preferring one
and some another. Because of this great difference
of opinion in regard to this question, we think that it
will not be amiss to give a short description of some of
the methods that are employed.

MACERATION AND PERCOLATION—This is possibly
the oldest and best known of all of the methods used
but its value seems to be very questionable. It is the
method employed in the U. S. P. and the one com-
monly used by the smaller producers since it is by far
the most convenient.
~ The method consists of a maceration of the beans
in desired menstruum (65 per cent in the 8th U. S. P.)
which is followed by percolation of the finished prod-
uct. The period of maceration varies from twenty-
four hours U. S. P., to one or more years, according
to the personal opinion of the operator. The method
of packing the beans in the percolator also varies
very greatly. Some pack the beans alone, some use
sugar either with or without a preliminary macera-
tion, and some use various amounts of sand, with or
without sugar. The packing of the chopped beans is
the most important part of the whole process, for upon
it depends whether or not a good degree of extraction
will be obtained. This method usually results in a
clear and bright extract, but one that, as a rule, does
not contain much color. It is also claimed that it is
not possible to extract completely the whole of the
beans in the percolator due to the rather coarse sub-
division of the beans which makes a firm packing im-
possible, and which® tends to allow the menstruum
to form canals instead of passing through the whole
of the pack. As in all other methods, an increase in
temperature seems to increase the color and other
extractive matter.

CIRCULATORY DISPLACEMENT—This is a modifica-
tion of the above method where the chopped beans
are held in the upper portion of the menstruum in-
stead of in the lower. The usual method is to place
the chopped beans in a perforated basket, suspended
from the sides of the containing vessel in such a way
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that the top of the basket is just below the surface
of the menstruum, and, it is claimed, that a much
better result will be obtained if the basket is removed
from the menstruum once or twice during the process
and allowed to drain before being replaced.

The principle of this method is the circulatory
motion of the menstruum due to the always increasing
gravity as the soluble constituents are dissolved.
In this way the bean is repeatedly exposed to the men-
struum because as the menstruum in contact with
the beans becomes charged with soluble matter, its
gravity increases and it sinks, forcing fresh menstruum
up in its place. This action will continue in this way
until a state of equilibrium is reached throughout the
entire container when the extract can be drawn off in a
perfectly clear and bright condition. This method is
slow in action, requiring at least three months, but it is
without doubt one of the best known and produces
an extract that is very rich in delicate aroma as well
as high in physical constants. :

The containers should be made of oak and be well
painted on the outside to prevent undue evaporation.
The basket should be of oak or of heavily tinned metal
and the outlet should be about an inch above the bot-
tom of the container to allow the separation of any
solid matter that might have passed through the
small holes in the basket. By this method the ex-
tract is made and partly aged at the same time and
need not require any attention from the time it is
started until it is finished. The method is usually
employed at room temperature but, obviously, higher
temperatures could be used by storing the containers
in heated rooms. :

AGITATION—This method is in reality a maceration
process in which the chopped beans and the menstruum.

are kept in motion by means of a mechanical agitator
and, as in all other methods, the time of maceration
and the temperature are regulated to suit the various
conditions. This method has the advantage of ex-
posing the beans to the solvent action of the menstruum
over and over, producing a highly colored product,
especially where the menstruum is kept warm. The
one big disadvantage of the method is the separation
of the finished product from the rather fine pieces
of the dregs. This is done either by pressing out the
extract or by transferring the whole to a percolator
and percolating. The latter, however, is to be pre-
ferred in order to reduce the evaporation of the alcohol
as far as possible. The containers used are usually
of metal and should be kept well covered with tin.
Where the ‘extract made in this way is made cold
and aged, it is comparable with that made with the
circulatory displacement method but it seems positive
that an extract made with a hot menstruum is in-
ferior because of the lack of the delicate aroma and
excessive amount of inert extractive matter which
seems to cover up the delicate flavor so noticeable in
the extract prepared by cold methods.

FRACTIONAL SOLUTION—This method differs from
those given above only in that the menstruum is added
in fractions, one after the other. The chopped beans
are agitated or macerated with one-third or one-
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fourth of the total amount of the menstruum for the

desired length of time and then drawn off as finished

extract. The partly extracted beans are then treated

again in the same manner until the total amount of

extract is obtained from the weight of beans taken. -
If the different amounts of menstruum are allowed to .
remain in contact with the beans long enough to be-

come saturated, this method will no doubt produce

the greatest extraction possible but only long macera-

tions will suffice, even if more menstruum is to be

added, because the extractive matter in vanilla beans

is so difficultly soluble, except wvanillin, that it re-

quires a rather long time to effect their solution and

it is possible that the menstruum would be with-

drawn before it has accomplished its purpose.

AGITATION AFTER MACERATION—In this method the
chopped beans are allowed to macerate with a portion
of the menstruum, say one-half, for the desired period
of time and the liquid then drawn off as finished ex-
tract. The resulting partly extracted beans are then
agitated with the remaining portion of the menstruum
heated to about 100° F. until the desired color is ob-
tained and the dregs are exhausted. This liquid is
then separated from the dregs and added to the first
portion to form the complete extract.

It would seem that there are two objections to this
method and two serious ones. In the first place,
the maceration is accomplished by allowing the chopped
beans to stand in the menstruum without motion
and it is certain that the beans settle to the bottom
and become surrounded by a layer of saturated men-
struum and slow diffusion must be depended upon
to bring the unsaturated menstruum in contact with
the incompletely extracted beans. And this is so
slow that it is doubtful if a very great portion of the
menstruum’ is ever in contact with the beans. The
second objection is the hot after-treatment which is
believed to be detrimental to a first-class extract of
vanilla.

It is unfortunate that we did not have the necessary
apparatus to prepare extracts by all of the different
methods so that we could report on their relative
values from a physical constant standpoint. We did
have an opportunity, however, to watch the progress
of an experiment made with the circulatory displace-
ment method and analyzed a sample of the extract
at the end of three and six months. The results are
given in Table I, extracts Nos. 33 and 334. These
results show that the extraction was about complete
at the end of the three months but it was found that
the extract had a much finer flavor at the end of six
months than it did at the end of three months, and will
no doubt improve in this respect for sometime. The
analytical data obtained from extracts made from these
same beans, but with heat and agitation, are not ob-
tainable now, but it is known that*they did not ex-
ceed those of the circulatory displacement extract
to any great extent even in regard to the color.

QUESTIONS AND ANSWERS!

In order to get the opinions of different manufac-
turers on some of the most important questions rela-



708

tive to vanilla extract, we sent out a list of such ques-
tions to twenty members of the Association for their
answers. These questions were largely ones that
could not be answered by laboratory experiments
‘and which seemed to us as being of interest to the en-
tire membership of the Association. We have received
twelve sets of answers and wish to take advantage of
this opportunity to thank rthese members for their
kind codperation in the preparation of this report.

A composite of the questions and the number of
like answers received for each question is given below.
The letter: in the parentheses ref<r vo vt - ctions of the
different (uestions; the numbcrz refer to the number
of manufacturers who gave like answers to the same
questions.

QUESTION—Do vanilla beans improve with age?

Answers: Yes, 11. Ngo, none. Doubtful, 1.

QUESTION—I{ so, is the improvement due to (¢) a change in
the beans, or (b) is it due to concentration caused by loss of
moisture?

Answers:  (a), 4. (b), 4. (a and b), 2. Doubtful, 1.

QUEsTION—What do you consider the best method of grind-
ing vanilla beans?

Answers: Sausage grinder, I.
1. Doubtful, 1.

QUESTION—Do you ever dry your bean before extracting it,
and if so, to what extent?

Answers: Yes, 3. No, 9. Two or three remove only the
excess moisture; the other dries to constant weight at 70° C.

Chopping machine, 9. Both,

QUESTION—In your estimation shou!d vanilla extract be made
by (a) maceration, (b) percolation, (¢) agitation, or by some
combination of two or more of these?

Answers: (a), 1. (b), 1. (a and b), 6. (c), 1.

QUESTION—In your opinion, what is the best menstruum for
the complete extraction of vanilla?

Answers: 40 per cent, 1. 50 per cent, 5.
57 per cent, 1. 60 per cent, 3.

QUESTION—Do you prefer glycerin to sugar in vanilla ex-
tract? ;

Answers: Yes, none. No, 9. Use both, 3.

QUESTION—Does sugar interfere in the percolation of the ex-
tract?

Answers: Yes, 5. No, 3. Doubtful, 3.

QUESTION—WIll either one increase the color?

Answers: Yes, 3. No, 8. Doubtful, 1.

QUESTION—Will either ome prevent baking-out or freezing-
out of the flavor?

{a,band ¢), 1.

52.5 per cent, I.

Answers: Yes, 3. No, 4. Doubtful, 4.

QUESTION—When sugar is used do you add it before or after
percolation?

Answers: Before, 3. After, 7.

QUESTION—Does aging vanilla extract improve its flavor?

Answers: Yes, 12. No, none.

QUESTION—If so, will it improve in glass as well as in wood?

Answers: Yes, 2. No, 8. Doubtful, 2.

QUESTION—Should the extract be aged at, (a) room tempera-
ture, or (b) at reduced temperature?

Answers: (a), 7. (D), 2.

QUESTION—How long do you think that the extract should
be aged?

Answers: Six months, 4. One year, 4. Longer the better, 3.

QUESTION—In, your experience what is the average loss due
to evaporation when wooden containers are used?

Answers: 1 to 3 per cent, 2. 3 to 6 per cent, I.
cent, 1. Doubtful, 5.

I1 per
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QUESTION—Does the hot process impair the flavor of the fin-
ished extract? 4

Answers: Yes, 6. No, 1. Yes, if over 100° F., 1.
over 110° F., 1. Doubtful, 2.

QUESTION—Does the hot process yield a stronger extract than
the cold process?

Answers: Yes, 5. No, 5.

This leaves but little doubt in regard to questions
Nos. 1, 3, 4, 7,+0, 12 and 14, and shows an almost
equal division of opinion in regard to the other ques-
tions. It is regretted that more data are not avail-
able in regard to the !o-< in volume of the extract on
aging. We are, hovever. uf the opinion that about
the same loss will result here that has been found in
the case of whiskey where the extract is stored under
like conditions, namely, about 8 per cent in the course
of a year. This question seems to have received
all too little attention by manufacturers and it would
seem to be a question that is worthy of great con-
sideration.

VYes, if

CONCLUSIONS

1—Vanilla beans are improved on aging where the
aging is conducted under proper conditions.

2>—Vanilla beans should be chopped and not ground.

3—Vanilla beans can be dried without material
loss' of flavor if the drying is carefully carried out at
room temperature (6o to 70° F.).

4—Extracts made from dried beans have higher
color and lead number values than those made from
the same but undried beans.

5— Where the beans are not dried the menstruum
should be regulated to suit the moisture present in
the beans. : :

6—The physical constants are not greatly affected
by the various amounts of alcohol in the menstruum
as long as the amount of alcohol is sufficient to produce
a clear extract. The color values are slightly increased
and the lead number values are slightly decreased
by an increase of alcohol up to a maximum of about
65 per cent.

7—The flavor of an extract prepared with 6o per cent
alcohol is superior to that made with 50 per cent alcohol.

8—The resins of vanilla beans are of no value as
flavoring agents but are of value as fixatives for the
flavoring compounds present and as coloring matter
for the extract. :

o—Alkaline menstrua produce extracts that are
higher in color and lead number values but the alkali
impairs the natural flavor of the beans.

10—Short maceration and percolation will not pro-
duce the maximum extract. The hot process pro-
duces an inferior extract, one that is lacking in delicate
aroma. The most desirable extract is produced only
by long maceration at room temperature as in the
circulatory displacement method.

11—Sugar does not increase the color of the ex-
tract and should be added to the percolate. Glyc-
erin tends to increase the color and should be added
to the menstruum before percolation or maceration.

12— Vanilla extract should not be left in contact
with any metal that is.not completely covered with
tin.
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13—Vanilla extract is decidedly improved by
aging. The period of the aging should be at least
one year and should be carried out at room tempera-
ture (6o to 70° F.) and in unpainted, porous, wooden
barrels. «
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RELATIVE OIL YIELD OF FLORIDA ORANGES
By S. C. Hoob
Received April 22, 1916

In connection with experiments carried on to de-
termine the commercial possibilities in the manufac-
ture of orange oil from Florida cull oranges, it seemed
advisable to determine how early in the shipping season
the oil was present in commercial quantities, and
also to secure some data on the relative oil yield of
different varieties and from various localities. In
the fall of 1915 a series of tests was made beginning
at the opening of the shipping season of the early
varieties and extending until well into the season
for all except the very late varieties. The writer is
indebted to Mr. M. G. Mastin of the Bureau of Chem-
istry for the material used in this study.

VARIETIES SELECTED

The Parson Brown was selected as being the principal
commercial early variety, and although mature enough
to ship at the time the experiments were begun, yet
the color was bright green. At the close of the work
this variety was well colored. Another variety of
very early maturity is the Ilsworth Early; and on
November 12th it was fully mature and beginning to
show a slight yellow color. The Homasassa was
taken as the type of the early mid-season orange,
and on the date of the first tests was still green in
color, although fairly well matured. The Pineapple
being one of the leading mid-season varieties, was
taken as the type of this group, and samples from
three widely separate localities were secured. These
were still immature and green in color when the ex-
periment began. Since the common seedlings are
still extensively grown in Florida, and there are wide
differences in the fruit, samples were taken from eight
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TABLE I-—PERCENTAGES OF OIL IN FLORIDA ORANGES A

PrrRCENTAGHS CALCULATED ON WEIGHT OF FRUIT PERCENTAGES CALCULATED ON WEIGHT OF PEEL
Nov. Nov. Nov. Nov. Nov.28 Dec. Dec. Nov. Nov. Nov. Nov. Nov. 28 Dec. Dec.
VARIETY LocALiTy 1-6 7-13. 14-20° 21-27 " Dec. 4 S5-11 12—-18 1-6 7-13 © 14-20° 21-27 Dec. 4 5-11 12-18
Parson Brown Lake Weir 0.41 0.35 0.50 2.74 2.05 3.18
Ilsworth Early Windermere 0.43 0.24 0.40 0.36 2.51 1.52 : 2.35 1.91
Homasassa Florence Villa 0.51 0.49 0.35 0.58 0.51 0.50 2.63 2,56 2.00 3.26 2.94 2.67
Palatka 0.40 0.25 2.44 1.62 5
Jaffa Palatka 2313 1.74
Carlton Seedless Windermere 0:42 0.30 0.41 0.41 2.47 1.78 2.42 2.24
Pineapple New Smyrna 0.13 0.14 0.14 0.15 1.00 1,14 1.20 0.99
Palatka 0.17 0.30 1.42 1.83

Florence Villa 0.30 0.32 0:35:%%20:32 0.35 0.41 2.00 1.88 2.30 1.95 2.21 1.84 -
Seedlings Plant City 0.39 0.37 2.02 2427
‘New Smyrna 052555000 0228t D2 i 0.36 V70 EniRe 2.17 ) LR e 2.18
Lakeland 0.21 0.17 0.14 1555 1.34 0.83
Tampa 0.16 0.14 0.27 1.00 4 0.88 1.43
Ozona 0.11 0.25 0.34 0.92 1.45 1.91
Orlando 0.32 0.25 0.41 1.91 3 1.52 2051
‘Wauchula 0.40 3 035 0.36 2,53 2.74 2.15
Geneva 0.44 0.41 0.47 2.40 2.50 2.68
Valencia Florence Villa 0.38 0.44 0.50 0.31 0.46 0.35 0.53 2.46 2,58 2.50 1.95 2.60 2.00 3.04
Qakland 0:32580.:36 0.43 2,20 2.76
Windermere 0.46 0.35 0.24 2.47 2.00 1.41
Manatee 0.37 0.38 0.41 2.10 2.38 2.27

localities. On November 1st, all of these were livid well cared for, showed a higher oil content. There

green in color, but at the close of the tests they were
mature and well colored. Since the Valencias do not
mature until the latter part of the winter, the tests
were not continued on this variety to maturity. Most
of the samples of this variety were only partially grown
at the beginning of the tests, and at the close were
of full size, but still very immature and green in color.
Each series of samples was gathered from the same
tree at intervals of one to two weeks from November
1st to December 18th.

,  METHODS

Each sample consisted of 12 oranges picked from
the tree set apart for these tests. Usually 1 to 3 days
elapsed between the date of picking and the date of
the tests. The oranges were peeled with a knife and
care was taken to remove all of the peel without cutting
the pulp cells. Care was also taken to prevent break-
ing of the strip of peel and consequent loss of oil.
The fresh peel was then finely ground in a food chopper
and the ground material distilled with water in a
Remington still. The colorless oil secured was taken
as the total oil content. Since this oil consisted almost
entirely of limonene, it does not represent the actual
oil content of the peel, but the loss of the oxygenated
constituents would be fairly constant in each sample,
and this method may be used as a relative means of
the total oil determination. The percentages, Table
I, were calculated on both the weight of the peel and
the weight of the fresh fruit.

It will be noted from Table I that in the case of °

most samples there was a considerable increase in
oil content as maturity advanced, but that there is
a high percentage of oil in the peel of the fruit sometime
prior to the change in color.
in the case of the Valencias. It will also be noted
that there is a very wide difference in the oil content
of the same variety from different localities. From
this preliminary investigation it is not possible to
determine whether this variation is due to soil and
climatic conditions, or to the degree of care which the
trees have received. From the appearance of the
fruit as received, however, it is believed the latter is
the case. Especially in the case of seedlings this
difference was marked, and fruit showing by its form
and texture that the trees were highly fertilized and

This is especially marked

was a marked drop in oil content in most samples
during the two weeks from November 14th to 27th.
During this. period there was an excessive rainfall
throughout the entire state. Table II gives the rain-
fall records of the Weather Bureau in the localities
where samples were secured during the period of these
experiments.

TABLE II——RAINFALL IN INCHES IN LOCALITIES WHERE ORANGE SAMPLES
WERE GATHERED

Names in Parentheses are Weather Bureau Stations Nearest to Place
where Orange Samples were Taken

Nov. Nov. Nov. Nov.28 Dec Dec.

7-137"14-20: 21-27 'Dec. 4 = 5-11" " 12-18
TakeiWeir (Lynn) (s o cody i 1593582 0526 3% 0.16 S
Windermere (Clermont)..... 0.03 3.46 0.11 T 0210 50.26
Florence Villa (Lucerne Park) . 15 82 e g 055 8 iy
Palatka (Satsuma Heights).. 0.04 0.67 0.10 TR 0105 e
NEWI SIMYTNa it et 0.10 " 2.34 S0 015550209,
Plant City 3.15 0.20 0.30
Lakeland........ 2.18 0.12
LB IDDR P51e st ate s s tsta o 2.89  0.09 0.30
Ozorm (Tarpon Springs).. 3L 7 Teie 0163 e 0.65 ey
Orlando SN e e 2.22 0.02 0.05 0.20
‘Wauchula (Fort Meade). . s 3.59 &5 T3S 0.15 e
Geneva (Sanford)...... ... .08 1.85 e Siara 0.14 s
Oakland (Clermont)........ 0.03 3.46 0.11 i 1.10  0.26
Manateel NI iy 2.62 0.100 0.26  0.66

In some cases no observations are available from the
places where the samples were taken, and the records
of the nearest observer are given. It will be noted
that this decrease in oil content immediately follows
the period of rainfall, and that where the rains ex-
tended over a longer period, the oil content was re-
tarded in its increase.

EFFECT OF RUST /MITE

It has long been believed that the typical brown
coloring of the orange skin known as ‘‘russet’’ following
the presence of large numbers of. the rust mite, Erio-
phyes oleivorous Ashm., is due to the puncturing of the
oil cells. In order to determine if this insect injury
decreased the oil yield of the fruit, tests were made
on the fruit of the same tree at two stages of maturity.
The first test was made on November 26th while the
fruit was immature and the second on January 25th
after the oranges had reached full maturity. Each
sample consisted of 12 bright and 12 russet fruit,
The results are given in Table III.

TABLE III—Or1L YIELD OF RUSSET AND BRIGHT FRUIT OF SAME TREE
NOVEMBER 26 JANUARY 25

PER CENT OIL IN: Fruit Peel Fruit Peel
Bright Fruit. . 1525 0.40 2.26
Russet Fruit 0.60 0.40 2.68

These results indicate that early in the season there
is a lower oil content on the fruit infected by rust mite,



Aug., 1916 THE JOURNAL OF INDUSTRIAL
but as the orange matures a normal amount of oil
is formed. The results secured in the commercial
tests on large lots of bright and russet fruit also indi-
cate that an equal amount of oil may be. secured from
each kind of fruit. :

CONCLUSIONS

These preliminary results show that there is a wide
variation in the oil yield of Florida oranges under
different climatic and cultural conditions, and that
the question of variety is likely to have some bearing
on the commercial production of orange oil. The
oil content has not reached its maximum until the
oranges are fully mature, but the oil is present in com-
mercial quantities before the fruit are ready for harvest.

The occurrence of heavy rainfall during the season
of harvest will cause a considerable decrease in the oil
content. The presence of rust mite does not decrease
the percentage yield of oil of the mature fruit, but may
show some effect early in the season.

BUREAU OF PLANT INDUSTRY, WASHINGTON

A NUMERICAL EXPRESSION FOR COLOR AS GIVEN BY
THE IVES TINT PHOTOMETER
By Orro Kress! anp G. C. McCNAUGHTON?
Received May 27, 1916

The matter of a numerical expression of a definite
shade of color is one on which various investigators
have expended considerable energy with varying de-
grees of success. In almost countless phases of com-
mercial and experimental work it is ‘extremely de-
sirable that there be a means by which an exact shade
of color may be communicated to others or so re-
corded that this shade may be matched or referred to
when the*original is not available. One readily com-
prehends the importance and practicability of an
instrument which would give an accurate reading of
color. :

So far as the authors know, there are but two instru-
ments on the market, which would appear to be
practicable from a scientific and a possible ‘mill stand-
point, for measuring the depth of color of either
liquids or solids. These instruments are known as
the Ives Tint Photometer and Colorimeter. The
tint photometer, being the more simple instrument,
was used in these experiments.

The original purpose of the experiments following
was, (1) to determine if color indications as shown by
the Ives tint photometer could be employed as a
means of measuring the progress of beating, and (2)
to observe. the relation between the numerical ex-
pressions for depth of color as read from the instru-
ment and the relation of the shades as noted by the
eye. iy
The tint photometer (Fig. 1) consists essentially
of a form of telescope into which light from two sources
is reflected, by means of a mirror (4), into two aper-
tures, and focused by a special lens into two semi-
circular fields. Each semicircle is uniformly illumi-
nated by passing the light from the apertures, or
slits, through a rotating wheel (B) mounted with lens,

1 In charge, Section of Pulp and Paper.
* Engineer in Forest Products.
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the object of which is to blend the light. The amount
of light reflected through the left-hand aperture is
controlled by a shutter actuated by a long lever (C)
that moves over a scale (D) so divided into 100 divi-
sions or parts that at zero reading the sliding shutter is
entirely closed and at 1oo divisions is wide open.

By means of a thumb screw (E) the second aperture
may be adjusted but through much narrower limits.
The base of the eye-piece tube is equipped with a
sliding carrier (F) in which are mounted red, green,
and blue color screens, as well as one of colorless glass.
The light under which the tests are made is received
through a south window covered with tracing cloth.

In using the instrument two magnesia blocks are
first placed directly beneath the reflecting mirror and
in front of a vertical mirror (G). The lever operating
the shutter is set at 100, to give full opening of the

left aperture, and the right-hand aperture adjusted by

the thumb screw until the two halves of the field are of
uniform intensity. This adjustment made, the mag-

Fic. 1

‘ nesia block on the right is removed and the paper (H)

to be tested is substituted. Using each of the color
screens successively (i. e., red, green, and blue) the
amount of light entering the left aperture is decreased
until it is of the same intensity as that entering the
right aperture from the paper sample, or until the
two halves of the field appear of one luminosity. The
position of the lever when this matched condition of
fields is obtained with each screen indicates numeri-
cally the proportion in which red, green, and blue
light are reflected by the paper under test.

For example, the white standards show 100 parts
each of red, green, and blue, while a certain sample of
an undyed sulfite paper gives readings of 77 parts red,
71 parts green, and 67 parts blue. The sum of the
three colors in the case of the white standard is 300,
while in the case of the paper it is but 215. For pur-
poses of convenience it has been assumed that in the
latter case there exists a darkening effect of 85 parts
of black (in 300). This factor of “parts black’ which
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TIME OF BEATING — HOURS
Fic. 2

is secured, not by direct reading of the instrument,
but by the subtraction of the sum of the three colors
from 300, immediately expresses the relative brilliancy
of the color examined although it conveys no idea
of the tint if the other three readings are not given.
The authors have found no difficulty in checking
within one division (or part) the values secured in
previous tests. The inventor of the tint photometer
claims that the personal equation becomes practically
negligible in operating this instrument, and that even
a marked color-blindness does not affect the readings
of the instrument.

The tests were divided into two groups, (1) where
depth of color was secured by prolonged beating
effect, using the same amount of dye, and (2) where
depth of color was obtained by different amounts of
dye employed.

In the first group unbleached spruce sulfite pulp
was beaten .in an experimental Marx beater of 3o
lbs. capacity. The beater tub is of concrete con-
struction, with a specially formed trough for rapid
circulation. The roll is 24 in. in diameter by 18 in.
face, with a cluster filling of iron bars, and was operated
throughout the experiments at a peripheral speed of
2,000 ft. per min. A very light treatment was
given in order that the comparatively short stock used
would not be badly cut before the end of the operation.
The treatment extended over a period of 24 hrs.
Representing by zero the position of the roll above
the bed plate when a very faint hum could be heard
as the roll turned in the empty beater, the following
table shows the manner in which the roll was gradually
lowered. Even at the end of 24 hours the stock was

Time at which roll Position of beater

was lowered roll
A S AT N R o o e R +0.10”
At end of 2 hrs e 0.05%
3 +0.01”

17 +0.002”

20 -+0.000”

21 —0.002"

22. —0.004"

23 —0.006”

24 roll raised

but slightly shorter}cd and as it still was rather far
from pergamyn stock it is probable that greater
differences in color tests would have been secured had

TIME OF BEATING — HOURS
Fic. 3

TIME OF BEATING — HOURS
Fic. 4

the stock been submitted to a more severe brush after
the first few hours of beating.

In this group of tests a sample of the stock in the
beater was removed every hour. For the various
dyeings, pulp samples of 3 g. (dry) weight were em-
ployed which were secured as follows: A large sample
of about 3.3 per cent density was pressed by the palm
of the hand on a 70-mesh screen until no water dripped
from it (about 12 per cent dry) and then thoroughly
mixed. After determinations of moisture content of
the pressed stocks were made, amounts equivalent to
3 g. (dry) were weighed out and bottled with 100 cc.
distilled water. This method presents the difficulty
of obtaining a homogeneous mixture of the pressed
stock, but was by far the best method available.

When ready for the dyeing, the pulps were washed
out of the bottles with 250 cc. of water into enamel-
ware cups 3!/» in. in diameter and 3°/s in. deep. In
these the stock was agitated by a mechanical stirrer
for a total of 20 min.—color, sizing and alum being
added in the order named.

In the cases of the red and green dyes, respectively,
0.5 g. of Rhodamine B Extra and o.5 g. of Diamond
Green G. N. were dissolved with the addition of a
little acetic acid in a liter of water and a volume
equivalent to o.1 per cent of the dry weight of the
stock used for each sample. This gave dyeings of
1 Ib. per 1000 lbs. of stock. The strength of the
Crystal Violet was but half of the others. Dilute
solutions of size and alum were standardized and
volumes equivalent to 1 per cent of size (calculated
as rosin) and 1!/, per cent of alum employed.

The finished stocks were made into hand sheets on
a special circular mold 6%/; in. in diameter, pressed
between the press rolls of an experimental paper
machine and dried between sheets of blotting paper
on one of the driers. During the drying the hand
sheets were turned frequently to avoid the burning’
of the color to the surface, and so cause an uneven-
ness in depth of color on the two sides of the sheet.

The wire side of the sheet was in every case used
for the color tests with the tint photometer. In
making these tests all sheets of one color were ob-
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served in consecutive order and continuously in order
to avoid any great variation in lighting conditions.

The results of the tint photometer observations
are shown graphically in Figs. 2, 3, and 4, in which the
readings of parts red, green, and blue, as given by the
instrument, are plotted against the duration of the
beating treatment. The calculated ‘‘parts black’ also
have been plotted in these figures. When comparing
the depth of tint as determined by the tint photometer
with the ratings exhibited to the eye, it was noted that
an almost identical arrangement could be made.
However, as the instrument does not distinguish as
readily as does the eye between very slight differences
of shade, it is necessary to be very exact in the ad-
justments. Reference to the curves in Figs. 2, 3,
and 4 will give the reader an idea of the rather small
differences in color between consecutive papers.
While it will be noted that many of the values ob-
tained do not fall upon the smooth curve, this fact is
not exceedingly serious, since the paper samples when
viewed by the eye do not show an absolutely regular
progressive darkening that should be expected. Such
irregularities would occur if error had been made in
the rather involved method of sampling the stock,
and where such a number of samples were taken it is
not improbable that errors were occasionally intro-
duced. Slight wvariations from 3 g. (dry) weight
would cause the stock to assume a deeper or lighter
tint, depending on whether the samples were too light
or too heavy. Unfortunately, in trimming the colored
samples to fit the special paper holder that comes
with the instrument, the clippings were discarded—
consequently the authors had no means of establishing
the experimental error.

The accelerated hydration and the corresponding
darkening of the stock, when the brushing became more
severe near the end of the beating treatment, are clearly
shown in all of the figures. Fig. 2 is especially inter-
esting in that curves for the undyed beaten stock have
been plotted on the same scale as that used for the
blue stock. :

2 3 4 5 6 7 8 9% 0

2 3 4 5 6 7 8 9 KW
LBS. OF DYE PER 1000 LBS. OF DRY STOCK

Fic. 8

0 1 2 3 4 567 8 910
LBS. OF DYE PER 1000 LBS. OF DRY STOCK
Fic. 7

As is well known, the longer the stock is beaten,
causing increased hydration, the less dyestuff will be
required to produce the same depth of color. This
is well shown in all of the curves, as the same amount
of dyestuff per 1ooo lbs. of stock was used, and the
increased depth of color is due solely to hydration.

That a color may be expressed in numbers—even
though the numbers allow a slight variation in shade—
is far more satisfactory than to attempt a description
of the color. For example, a red may be on the
yellowish cast tending to approach the orange, or
may be on the bluish cast tending towards the violet.
The addition of any other primary color such as
green would, in the case of red, not form a greenish
red but would be a step towards darkness. It is
absolutely impossible to record scientifically either a
shade of red or the intensity of a red shade, by merely
describing it as either a light or dark bluish red or a
light or dark orange shade. The addition of color in
all practical dye work- must be considered as a step
towards darkness, and it is common practice in the
mill to avoid mixtures of colors if brilliant shades are
desired, especially in view of the fact that the practical
dyes used are never of a pure shade.

A second series of color tests was made in order to
observe the behavior of the Ives tint photometer with
various colors and intensities of colors. It will be re-

‘membered that in the first series difficulty was met

with, due to an almost exact similarity of many of the
test papers. In this second group of experiments all
of the papers were made from one mass of pulp that
was removed from the beater after a light brush and
tinted with various amounts of dye. The colors
employed were ‘“Diamond Green G. N.,” ““Rhodamine
B Extra,’” £Crystal Violet;”? and *‘Jet Black ‘2 'R
which were made up to strengths of o.5 g. dye in 1
liter of water, sufficient acetic acid being used to pre-
vent hydrolysis, and volumes of each used equivalent
to Y/s, /s /e, 3/s, 1, 1} /s, 2, 5, and 10 lbs. of dye per
1000 lbs. of dry stock. As before, the 3 g. (dry)
samples of the stock were secured from the wet stock,
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after it had been squeezed by hand and its moisture
determined as described in the previous tests. The
manner in which the color, size and alum were added
and mixed was similar to that formerly employed,
with the exception that the total time of stirring was
increased to 30 min., and that an excess of size
and alum (2 and 2!/, per cent, respectively) were used
in order to set the heavy shades. Up to about 2
Ibs. of dye the back-waters were practically color-
less. The method of preparing the hand sheets from
the dyed stock was identical with that used in the
previous series.

The gradations in shade of these papers were very
distinct, and offered no difficulty in making a visual
selection of the sheets in the order of the strength of
dye employed. The tint photometer also gave uni-
form readings of color which are shown graphically
in Figs. 5, 6, 7, and 8 where ‘‘parts red, green and
blue’’ and also ‘“‘parts black’ are plotted against the
strength of dye used.

While we are not prepared to say just how the
readings of the three colors should be interpreted or
how matching a shade could be facilitated from them,
it is very evident to us that with this instrument a
shade or tint may be given a definite numerical value.

ForEST PRODUCTS LLABORATORY
MADISON, WISCONSIN

NOTES ON THE DETERMINATION OF -ALUMINUM
By C F. SIDENER AND EARL PETTIJOHN
Received October 14, 1915

The determination of aluminum in the form of
aluminum oxide, after precipitation with ammonium
hydroxide, is frequently made. As ordinarily car-
ried out, there are several points in the determina-
tion that might give rise to variations in results.
The purpose of this piece of work is to determine
the best procedure with regard to some of these points.

In looking up the literature on the subject of this
precipitation, considerable difference of opinion was
found. The ordinary directions are to boil until the

liquid just smells of ammonia, t-hough it was very early.

discovered! that at this point ammonium chloride
may have hydrolyzed to such an extent with vola-
tilization of ammonia that the solution is actually acid.
In this case, of course, aluminum hydroxide would be
redissolved and quantitative results could not be
obtained.

L. Blum? worked on this precipitation and found
that ammonium chloride was decomposed in solution
at 100° C. with loss of ammonia; he advises filtration
when the liquid is still quite strangly ammoniacal.
He also states, and many others verify his statement,
that ammonium hydroxide dissolves a certain amount
of freshly precipitated aluminum hydroxide, which
amount is considerably lessened by the presence of
ammonium salts. C. F. Cross,® using ammonium
hydroxide solutions of varying strength, found that
aluminum hydroxide was dissolved at the moment
of precipitation, that the amount dissolved bore no

1 Z. anal. Chem., 2, 394; 1, 69.
2 Ibid., 27, 19.
3 Chem. News, 39, 161.
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relation to the concentration of the ammonium hy-
droxide, and that ammonium salts lessened the solu-
bility of the hydroxide. Penfield and Harper,! in
testing for dissolved aluminum hydroxide, found that
it was not present in the filtrate but was present in
the wash water. They tried using, instead of boiling
water, an ammonium nitrate solution, made by neu-
tralizing 2 cc. of pure nitric acid with ammonia, and
making up to 1oo cc. With this washing solution
they claim that the precipitation can be made from
solutions containing larger or smaller amounts of
ammonium salts, and that no very great care is needed
in adding ammonia.

_On a number of points, exactly opposite opinions
as to procedure are held. Hillebrand, in his ‘‘Analysis
of Silicate and Carbonate Rocks,’”’ states that, con-
trary to the usual belief, aluminum hydroxide is not
volatile in presence of ammonium chloride, and that,
for the determination, washing free from chlorides is -
unnecessary. Washington, in his ‘“Rock Analysis,”
and Mahin, “Quantitative Analysis,” take the opposite
view, and say that aluminum hydroxide must be
washed free from every trace of chloride or low re-
sults will be obtained. With regard to boiling the solu-

*tion for precipitation, the same difference of opinion

exists. Washington advocates boiling (for not more
than 1 min.) with a slight excess of ammania,
while Handy? boils for 20 min. under the same
circumstances.  For washing the precipitate, am-
monium nitrate is frequently recommended, Tread-
well, Penfield and Harper, Washington and others mak-
ing use of it. Renz,® however, found that when alumi-
num hydroxide was precipitated with ammonium hy-
droxide in presence of ammonium nitrate, a small
quantity remained in solution. Fresenius, Handy and
several others advise the use of hot water.

There is a similar difference of opinion ds to the igni-
tion of the precipitate. Allen and Gottschalk* found
that the highest heat of the blast lamp was required
to effect complete dehydration: precipitates heated
to r100° C. and cooled for half an hour were still
hygroscopic. Handy® also considers the oxide very
hygroscopic and advises intense ignition. Carnelley
and Walker,® on the other hand, obtained complete
dehydration by gradual heating to 850° C.

The points which this paper covers are as follows:

- 1—To determine whether the precipitate need be
washed free from chlorides before ignition.

2—To determine whether an excess of ammonia
has any -solvent effect on the freshly precipitated

. hydroxide.

3—To determine whether water or ammonium
nitrate solution is more suitable for washing the pre-
cipitate free from chlorides. ; ' :
4—To determine a satisfactory time for ignition to
constant weight.
An aluminum chloride solution was made up from*
\ Am. J. Sci., 20, 9, 181. :
2 J. Am. Chem. Soc., 18, 766-82.
3 J. Chem. Soc. (London), 2 (1903), 729.
4 Am. Chem. Jour., 24 (1900), 292-304.

3 J. Am. Chem. Soc., 18, 766-82.
8 J. Chem. Soc. (London), Trans., 53, 87.
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sheet aluminum and hydrochloric acid. The am-
monium chloride used volatilized without residue, as
did the ammonium hydroxide. The ammonium hy-
droxide solution was filtered into a ceresin bottle: the
specific gravity of the solution was o.955.

In all of the precipitations made with these solutions,
the following general conditions were maintained:
The volume of the solution from which the precipita-
tion was made was 250 cc. and in every case 25 cc.
of the total volume was a 1o per cent solution of am-
monium chloride. . All precipitations were made in
porcelain casseroles, the solution being boiled for 1
.min. and filtered hot. The precipitates were ignited
moist, in platinum crucibles: the ignited precipitates,
after cooling somewhat in the air, were left in the
desiccator for 20 min. before being weighed: the
crucibles were covered while in the desiccator and on
the balance. Twenty-five' cc. of aluminum chloride
solution were used in every case. The filtrate and
wash water from each determination were evaporated
separately and tested for the presence of aluminum.

STRENGTH OF SOLUTION

The strength of the aluminum chloride solution
was first determined in terms of the oxide. Two
methods were used: (1) direct evaporation of the solu-
tion and ignition of the residue; and (2) evaporation
and ignition after adding enough ammonium hydroxide
to precipitate the aluminum hydroxide.

TABLE I—STRENGTH OF ALUMINUM CHLORIDE SOLUTION.

(1) Direct Evaporation (2) Evaporation after Addition
of the Chloride “ of Ammonium Hydroxide

0.2303 0.2303 0.2300 0.2302 0.2303

The results in Table I tend to show that the
same value is obtained if the chloride:solution made
ammoniacal is evaporated as if the pure chloride is
evaporated. This result would hardly be expected
if aluminum chloride is volatile under the given con-
dition, since the amount of aluminum present as
chloride is much less in the first case than in the sec-
ond. A slight loss might, however, occur in :both
cases so that a second series of test determinations
was made. The amount of aluminum in terms of
aluminum oxide was determined in a sample of Kahl-
baum’s crystallized aluminum sulfate. A second
series was run parallel to this one, using some of the

TasLE II

PER CENT AlOs3 1N Al:(SO4)s ErreEcT o NH(Cl ox AlL(OH)3

Per cent Per cent
Sample Al:O3 Sample NH;Cl NH/OH AlLO;

No. Grams Found Grams Gram  Cec. Found
1 0.5841 17.24 0.5336 0.3 5 17517,
2 0.6435 17.17 0.7723 0.3 17517,
3 0.7018 17717 0.9590 0.3 5 17.18
-+ 0.9150 17.18 1.1417 0.3 5 17.18
S 0.9301 17.22 0.9561 0.5 5 17.24
6 1.0571 17.17 1.2990 0.5 3 E17421
7 1.2964 17.24 1.6290 0.5 5 17.20

same sample, but, after solution in a little water; add-
ing some ammonium chloride and enough ammonium
hydroxide to precipitate the aluminum as hydroxide.

The results, in Table II, show that there is no loss
by volatilization of aluminum chloride when the pre-

cipitated hydroxide is ignited in presence of ammonium
chloride. :
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EFFECT OF VARYING AMMONIUM HYDROXIDE

The next point taken up was the effect on the pre-
cipitation of varying the amount of ammonium hy-
droxide present. Water was used to transfer the pre-
cipitate from the casserole to the filter paper, as
small an amount as possible being used. In no case
did the wash water show a test for aluminum, while
the filtrate from those determinations giving low re-
sults did give a test for aluminum. The results ap-
pear in Table III. -

TABLE III—EFrFECT oF EXCESS OF AMMONIUM HYDROXIDE IN PRECIPITA-
TION OF ALUMINUM HYDROXIDE

Very Slight 10 cc. 15 ce. 20 cc.
Excess Excess Excess Excess
0.2303 0.2281 0.2294 0.2288
0.2302 0.2271 0.2289 0.2305
0.2298 0.2282 0.2294 0.2302
0.2297 0.2304 0.2297 0.2287
0.2299 0.2304 0.2274 0.2291
0.2305 0.2282 0.2265

0.2283

The uniformity of results in the first column is
very evident, as compared with that of the other
‘three, although the uniformity there is not as great
as desired. An excess of ammonia has a decided sol-
vent effect, not proportional to the excess of ammonia
added. The variation in results obtained in each
of the other three columns must be due to very slight
variations in procedure, such as time of filtering. The
results in Column 1 check those obtained in evapora-
ting the solution in a platinum crucible, as was to be
expected.

EFFECT. OF WASHING PRECIPITATE FREE OF CHLORIDES

On the effect of washing the precipitate free from
chlorides, the results in Table IV were obtained.

TABLE IV—EFFECT o WASHING ALUMINUM HYDROXIDE FREE FROM

CHLORIDES BY VARIOUS WASHES

1 Per cent 2 Per cent 3 Per cent

Hot NH«NO: NHNOs NHsNOs
Water Solution Solution Solution
0.2285 0.2277 0.2262 0.2263
0.2281 0.2286 0.2263 0.2276
0.2280 0.2286 0.2262 0.2282

For the precipitations, 5 cc. of ammonium hydroxide
were added, about 2 cc. of this being in excess. In
no case was aluminum hydroxide found in the fil-
trate. In the first series, in all three cases, the wash
water gave a test for aluminum hydroxide. In the
second experiment the precipitate obtained was fil-
tered off, ignited, and found to weigh o.0022 g., which
brings ‘the total weight of the precipitate up to the
value o.2303 g. formerly obtained.

In every experiment the wash water was tested
for aluminum and it was found to be present, so that
the final conclusion was that ammonium nitrate solu-
tion, as used, was unsatisfactory for washing pur-
poses.

EFFECT OF BLASTING IN VARIOUS WAYS

For heating the precipitates to constant weight
an ordinary blast lamp was used. The amount of
air used and type of lamp might change the results
obtained. The first precipitates were blasted for ro-
min. periods until constant weight was obtained.

Typical results appear in Table V. The weights
given indicate the weight in grams of crucible and
precipitate. :

It is seen that three 1o-min. periods or two 20-min.
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periods served to effect a constant weight. .Slight
differences are undoubtedly produced by the size,
weight and thickness of the crucible.

TanLe V—TIME REQUIRED IN HEATING ALUMINA TO CONSTANT WEIGHT

Time No. No. No. No. HEATED IN 20-MIN. PERIODS
Min. 1 2 3 4 20 min. 40 min. 60 min.
10 36.9620 29.6670 21.0587 29.6647 29.6538 29.6530 29.6527
20 36.9615 29.6653 21.0570 29.6638 33.7635 33.7627 33.7625
30 36.9605 29.6643 21.0569 29.6638 33.7760 33.7760 Sl
2016643 it aaa 36.9621 36,9602 19602

00 30900 25,004 wriks 29.6730 29.6730 29.6730

One precipitate was given a special series of blast-
ings to determine whether or not the alumina was
hygroscopic after the blasting. The results (Table
V1) indicate that this change in weight was very largely

TABLE VI—SnHowiNG HYGROSCOPIC PROPERTY OF ALUMINA

Weights
Constant weight obtained (cruc. + ppt.) ..... 21.0598
Left 6 days i in the desiccator. L iniaw T 21.0636
Bldsted i1 O i s st et e ot 21,0611
After 24 hrs. blasted 20 min................. 21.0605
After 24 hrs: blasted 20 min................. 21.0604
After 24 hrs. blasted 20 min............. 2o 21.0602
Blasted a second 20 min..........c.00nnn 21.0598
Left covered in the balance case 24 hrs 21.0624

due to the precipitate, since a platinum crucible treated
in much the same way did not change appreciably
in weight.

CONCLUSIONS

I—Boiling for 1 min. completely precipitates all
aluminum present, and longer boiling may lead to a
re-solution of part of it.

IT—Aluminum hydroxide need not be washed free
from ammonium chloride before ignition.

ITI—The excess of ammonia present when precipi-
tation is made should be as small as possible and never
more than 1 or 2 cc. in 2350 cc. of solution.

IV—Aluminum hydroxide freshly precipitated is
soluble to a slight extent in water and to about the
same extent in dilute ammonium nitrate solution.

V—The precipitated hydroxide, when large, must
be blasted 40 min. to insure its being reduced to a
constant weight.

VI—The ignited alumina is strongly hygroscopic.

Nore—Since this paper was written a paper has
been published by W. H. Daudt, THIS JOURNAL, 7
(1915), 847, confirming what we have found to be true
regarding the presence of ammonium chloride at the
time of ignition.

CueMmIcal LABORATORY, UNIVERSITY OF MINNESOTA
MINNEAPOLIS

THE ANALYSIS OF SOAP POWDERS
By Louls ROSENBERG AND VICTOR LENHER
Received February 7, 1916

During recent years great progress has been made
in those industries which supply cleansing materials.
The advent of the modern washing powder has brought
into the household a convenient, economical cleanser.
The powders which to-day are in common use divide
themselves into three general classes:

I—So-called Washing Powders, composed of tri-
sodium phosphate, borax, or a mixture of various
proportions of sodium carbonate and bicarbonate: it
is obvious from the composition of these powders
that their main efficiency lies in their ability to soften
the water used.

THE JOURNAL OF INDUSTRIAL
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II—Soap Powders proper, a mixture consisting of
various proportions of sodium carbonate and soap:
the soaps used are commonly prepared from cottonseed
soap stock and have as a filler sodium carbonate,
which itself is a water softener of great value.

III—Scouring Powders, which contain an abrasive
and soap either with or without the addition of sodium
carbonate.

In this article are described various experiments
which have been conducted on the soap powders proper.
The basic scheme used is that given by Leffmann in
Allen’s “‘Commercial Organic Analysis.”” During our
studies, Dr. Leeds published a scheme for the anal-.
ysis of soap, which is quite similar to the one used by
us for the analysis of soap powders. Additions and
modifications to the older schemes were made as the
work progressed, and it is to aid the soap analyst
that important details are described. 2

Our purpose in presenting this paper is to offer our
experience to those interested in the analysis of soap
powders, and we do so because the particular problems
we have found are not discussed in the form that is
desirable for those who have similar problems to solve.

MOISTURE

The ordinary methods for determining water in soap
are not satisfactory when applied to washing powders.
Experiments have repeatedly demonstrated that heat-
ing a 1o0-g. sample at 105° C. until the weight becomes
constant is worthless, for the odor of decomposing
soap is usually observed before this temperature is
reached. When heated for 1 hr. to 105° most of
the soap powders give off a strong odor of decomposed
soap, hence the determination is of little value. Fur-
ther, the soap powder upon heating to 105° frequently
forms lumps which prevent complete drying: even if
a weighed glass rod is used to break up the lumps, it is
difficult to keep the sample from caking. In powders
which contain as high as 3o—40 per cent water, spat-
tering frequently occurs. ZLeffmann’s suggestion for
soap*—that the drying be done on a sand bath—is
useless with many powders, inasmuch'as even with the
greatest care, decomposition takes place. The meth-
ods in use for the determination of moisture in a high-
grade stearic acid soap are unsatisfactory, as they
frequently fail entirely when applied to soap powders
containing cottonseed soap stock or low-grade tallow
soap.

The method of Fahrion, in which the sample is
heated with three times its weight of oleic acid until
a clear solution is obtained, indicating the removal
of the water, was found to be inapplicable, as diffi-
culty was experienced in determining when the solu-
tion became clear. The recommendation of Fahrion,
to heat the sample (to which has been added oleic
racid) in a platinum dish over a free flame, was also
tried with the soap powders, but even with the greatest
care decomposition of the soap took place. On a
sand bath the powder soon decomposed. Sample
1, containing actually 37.8 per cent of water, was used
in experimenting with oleic acid in order to test this
method for moisture. Six samples of 2 g. each were
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mixed with 6 g. of anhydrous oleic acid. On heating,
the odor of decomposing soap was noticed from all.
The two samples showing the clearest solution and the
least odor indicated 56.5 per cent and 6o0.3 per cent
water, respectively, or an error of 50 to 6o per cent more
water than they actually contained.

The method recommended is one in which the heat-
ing can be done at low temperature. A vacuum
drying oven is admirably suited for this purpose.
The various powders examined in our studies were
heated between 6o and 65° at a pressure of 60 mm.
until the weight became constant. In the 2-g. samples
used, constant weight was attained only after 1o hrs.’
heating, and in some cases 20 hrs. of heating were

required. No odor was observed and the samples
did not cake. The results (percentages) were as
follows:

No. 1, 37.85 and 37.82; No. 2, 23.75 and 23.99.
The recommendations commonly given to heat for

12 hrs. are insufficient. No. 3, for example, required

20 hrs.’” heating in the vacuum oven before constant

weight was attained.
PETROLEUM ETHER EXTRACTION

The usual procedure of extraction with petroleum
ether, with a Soxhlet extractor, was used in order
to determine the unsaponified fat, unsaponifiable
matter from the fat and free fatty acids. A 10-g.
sample of the soap powders frequently required as
much as 15 hrs. of extraction with petroleum
ether. The solvent was subsequently evaporated and
the residue weighed. All of the powders examined
were found to contain less than 1 per cent of unsaponi-
fied matter.

FATTY ACID DETERMINATION

The determination of the fatty acids in the soap
powders is, of course, of the greatest importance,
inasmuch as it means the soap content of the powder.
Of the various methods which have been suggested
for the determination of the fatty acid content in soaps,
the most important are: (1) Direct weighing; (2)
petroleum ether extraction; (3) potassium soap; (4)
volumetric. Fendler and Frank! have shown the
inaccuracies of all of these methods.

In the direct weighing method, a piece of weighed
paraffin or stearic acid is added to the liberated fatty
acids, and the cooled solidified mass is subsequently
weighed. The results are frequently very high.
Extraction of the fatty acids with petroleum ether and
evaporation of the solvent commonly gives low results.
The variation in the results depends largely on length
of drying of the fatty acids obtained. In one instance
the percentage of fatty acids was reduced nearly 6o
per cent by long drying. Fendler and Frank preferred
for accuracy the potassium soap method, but inasmuch
as the potassium soap must be dried for 20 to 28 hrs.
on a water bath, the method is rather too time-con-
suming for ordinary commercial analysis. Volu-
metric methods can be said to give only fair results.

The cake method is a simple, rapid method; but
unless due precautions are taken, discordant results

1 Z. angew. Chem., 22 (1909), 252-61.
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are obtained. The inaccuracies of the cake method,
according to Noerdlinger, are attributed to the stearic
acid used to collect the fatty acid. If the stearic acid
is previously heated to 160° the inaccuracies are
avoided. In our experiments the cake method was
adopted as the most satisfactory procedure, and was
carried out as follows:

A 2-g.sample of the powder is placed in a tall, narrow,
200-cc. beaker 4 in. high, and the sample dissolved
in hot water. An excess of N/2 nitric acid is then
added to separate the fatty acids. The solution,
stirred continuously, is heated for !/, hr. in boiling
water, and a weighed portion of 4 g. of stearic acid,
previously heated to 160° added. The solution is
stirred repeatedly and warmed for another !/, hr.,
after which the beaker and contents are allowed to
cool. The stirring rod, which should be about 1 in.
longer than the beaker, is allowed to remain in the
beaker. The fatty acid and the stearic acid on cooling
solidify, and can be easily lifted out of the beaker by
means of the stirring rod. The liquid in the beaker
can be filtered in order to collect any solidified fat
which has not adhered to the cake, but usually this
amount is small. The circle left by the cake around
the beaker can be readily scraped off and added to the
cake. The cake is then wiped with filter paper and
placed upon a weighed cover glass, allowed to dry for
several hours, after which it is weighed. The weighed
cake less the weight of the stearic acid added gives the
amount of fatty acid in the sample.

If the melted fat is allowed to cool rather slowly,
a more uniform cake is formed, and the cake can be
more easily removed from the beaker; whereas if the
cake be cooled quickly, the rapid solidification causes
moisture to be enclosed in the cake. If cavities are
formed, these are likely to enclose the solution. A 200
cc. beaker of the tall, narrow type is a convenient size,
inasmuch as a cake suitably fitted to the balance
pan is formed. Furthermore, the addition of mineral
acid to a washing powder commonly causes much
effervescence, due to large percentages of sodium
carbonate: the use of a tall beaker lessens the danger
of overflow during this sudden effervescence.

TOTAL ALKALI ﬁETERMINATION

Should the percentage of total alkali be required,
the excess of standard acid required to liberate the
fatty acid .can be titrated back with N/2 alkali. In
washing powders, the total alkali reported does not have
the significance that it does in soap. The presence
of sodium carbonate marks the amount of alkali
combined as soap. A total alkali determination can-
not be used as a means for determining the relative
merits of different powders, since the powder with the
highest per cent of sodium oxide may be the one which
contains the lowest per cent of soap. A total-alkali
determination is unnecessary, unless it is desirable to
check the individual alkali determinations.

SODIUM CHLORIDE DETERMINATION

In our hands the gravimetric method is preferable
over the volumetric method for the determination of
chlorides in soap powders.
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ALCOHOL EXTRACTION

* In order to separate the soap content of the powders

from such fillers as sodium carbonate, sodium silicate,
borax, etc., it is necessary to make an extraction with
alcohol. Due to the fact that soap powders contain
a high percentage of water, it is preferable to use
absolute alcohol. If, however, the analysis is to be
made on a sample which has been dried in the vacuum
oven, 95 per cent alcohol is satisfactory. :

A 2-g. sample of the powder can be extracted in a
250-cc. beaker with 100 cc. of alcohol for !/, hr. The
alcohol becomes yellow colored and a white residue of
the inorganic salts, such as sodium carbonate, sodium
silicate, and borax, separates out and can be filtered
off and washed with alcohol. In this extract, phenol-
phthalein will show the presence of caustic alkali.
No free alkali was found in any of the powders ex-
amined. On the other hand, all of the soap powders
showed a trace of free fatty acid. The alkali com-
bined as soap is found by adding a large excess of water
to the alcoholic solution and boiling off the alcohol,
decomposing the soap with an excess of N/2 nitric
acid and titrating back with N/2 alkali. The alkali
found is reported as Na.O. No distinction need or-
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DETERMINATION OF SODIUM CARBONATE AND SILICATE

The residue from the extraction with alcohol is
dissolved in water and diluted to exactly 250 cc. in a
volumetric flask. The residue from all of the samples
analyzed was completely soluble in hot water. In
one or two powders a slight residue remained upon the
filter paper, but the amount was too small to warrant °
further examination. Aliquot portions of 50 cc. are
taken for the silica determination. The solution is
acidulated with hydrochloric acid and evaporated to
dryness, as in the ordinary method for the determina-
tion of silica. The acidification and evaporation are
repeated. The soluble matter is extracted with hot
water and the residue when dried and ignited is weighed
as Si0,. The percentage of silica was calculated to
sodium silicate (Na,Si;Og). In the soap powders
analyzed the amount of silica found was so small that
it was probably present as an impurity rather than as a
real constituent of the powder. Borax was not found
to be present in any of the powders analyzed. In the
absence of borates and with less than 1 per cent of
sodium silicate, a fair determination of the sodium
carbonate can be made by direct titration with N/2
hydrochloric acid, using methyl orange as the indicator.

TABLE I-—SCHEME OF ANALYSIS

Weigh out a 2-gram sample. Dry in vacuum oven at 65° C.

ExTRACT RESIDUE consists of Soap and Mineral Constituents.
Contains Uncombined EXTRACT consists of Soap and free Alkali.
Fat. (1) Add 2 or 3 drops of phenolphthalein, and titrate
Evaporate the ether, with N /10 acid; the amount used corresponds to
dry at 110° C. and free caustic alkali: calculate as NazO.
weigh. (2) Next add a large excess of water, boil off the
alcohol, decompose with excess of N HNO; and
boil: add 4 g. stearic acid, boil again, and cool.
SOLUTION contains Soda CAKE contains Fatty
combined as Soap. Ti- Acid. Remove cake,
trate excess of acid back dry amd weigh.
with N/2 NaOH, N acid
used corresponds to Na:0O
combined as Soap.

dinarily be made between the sodium and the potas-
sium in soap powders. The alcoholic extract should
be diluted to at least 250 cc. before titrating in order
to get a satisfactory end-point.

- A rapid method for analysis of soap powders is
based on the alcoholic extraction procedure: A 2-g.
sample is extracted with absolute alcohol, the solution
filtered and the filtrate tested with phenolphthalein
for free alkali. If the solution contains free alkali it
is titrated with N /2 nitric acid: the alcohol is then
evaporated off, leaving a residue of dry soap, which,
if it has not been necessary to add nitrie acid, can be
weighed and reported as percentage of total soap.
To determine the alkali combined as soap, the dry
residue of soap is dissolved.in water and the solution
titrated with N/2 nitric acid, using methyl orange as
the indicator. The residue from the alcoholic ex-
traction, which consists of sodium carbonate, sodium
silicate, borax, etc., can be tested by the methods given
below. The percentage of total soap plus sodium
carbonate, etc., deducted from 100 per cent will give
the approximate amount of water, or, an accurate
water determination can be made in the vacuum
drying oven.

Loss in weight = Moisture.

Extract with 95 per cent alcohol.

RESIDUE consists of Na:CO;, NaCl, Na:SiiOg, Na:SO4, Na2B4O7, Starch and
Insoluble Matter. Dissolve in hot water, dilute to 250 cc. and filter:
divide the filtrate into five equal parts.

1—Na:C0O;: Titrate with N /2 HCIL

2—NaCl: Precipitate with AgNO: and weigh as
AgCl.

3—Na2Sis0s: Add HCI and evaporate to dryness;
repeat. Add water, filter, dry, ignite and weigh
as Si0z2. Calculate to Na:SiyOs.

4—NasS0q4: Precipitate with BaCl: and weigh as
BaS04. Calculate to Na:SOu.

5—DBorates: If present, determine by glycerol or
mannitol method.

Extract with petroleum ether.

RESIDUE
Consists of Starch and
Insoluble Matter.

Should sodium bicarbonate be present in the powder,
the treatment of the residue insoluble in petroleum
ether and in alcohol, would necessarily need to be
materially modified. i

SCHEME OF ANALYSIS

The condensed scheme of analysis outlined in Table
I is suggested for soap powders. It is based on the
solubility of soap in alcohol and the insolubility of
the inorganic constituents. It possesses the advan-
tage that but one sample need be taken for analysis,
and the soap itself is separated at once from the other
constituents of the powder. In the simple scheme, as
given, such substances as fluorides, rosins, glycerin,
sugar, and sodium bicarbonate are not provided for.
Our experience with the powders examined showed them
to be of simple composition.

DISCUSSION OF RESULTS

The analyses of a number of representative soap
powders are given in Table II. Their composition
in a number of cases differs materially from that given
for the same powder by Braggl. This difference is
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