


This lost Pfaudler stuffing box assembly duplicates those
used for high pressure work. All combinations of chem-
ical conditions are simulated to ascertain most satisfac-
tory packings and lubricants for a given service.

T he SERVICE under which your Pfaudler

glass-lined steel reactors operate, determines
the type of stuffing box that is supplied for the
agitator. The more you can tell us about your
service conditions, the better we can help you.

Pfaudler low-duty stuffing boxes are working
satisfactorily in thousands of reactors. This is
especially true where non-volatile acids are
present and where pressures do not exceed 10
P.S.I.

W hen it comes to the really tough reactions

. . volatile acids . . . hot, wet hydrochloric acid

or chlorine in combination with pressure or
vacuum and high agitator speeds, for example
... you need Pfaudler high-duty stuffing boxes.
Packing, lubricant, and the method of lubricating
these boxes should be related to the vapor con-
ditions above the liquid, the temperature, pres-
sure and length of the reactions.

This is too big a subject to cover here, but we
want you to know that Pfaudler has worked out
practical solutions to such problems which we
will be glad to send on request. Use the coupon

below.

THREE METHODS OF AUTOMATIC—mmQVER-BAIANCED"--LUBRICATION

AUTOMATIC LUBRICATION SYSTEMS CAN HAVE LUBRICANT

Protection of lubricont from Corrosive V cpon. Scavenging got feed protect*

CHAMBERS LOCATED COMPLETELY CLEAR OF REACTOR IF tvi* IvijfroAii
LUBRICANT IS A FREE FLOWING LIQUID I'i,,pi | lubricant—keep» piping free from corrosion—gives constont “overbalance" pressure
-n lubricont. Used successfully with wot chlorine ond all most difficult services,
INTERCHANGEABLE STUFFING BOX
FOR AUTOMATIC EQUALIZED PRESSURE
LUBRICATORS, WITH LUBRICANT gos 5”{’9')’
COLLECTING ANNULAR TRAY under higher
THIS DISTANCE SETS
THE "OVER PRESSURE-
TO SEAL STUFFING ,— BUBBLES SHOW RATE
BOX FROM THE OF SCAVENGING GAS FEED
VAPOR Connect
In Any
Verticol
ONLY POSSIBLE %
LEAKAGE IS THE to Avoid Three typos of fully aulomel
LUBRICANT High Ic Pfaudler stuffing box ailers,
WATER JACKET \Temperotvrei. N .
| SHOWN something yourengineersand
maintenance men should
BUBBLER know about. Details available
*  SUPPORT  'w- REALI on request. Use coupon below.
ONLY
Viry SHUT OFF. Use this when shut down,
p. regf Of for emergency lubrication, No connection
< v EMERGENCY from bubble chomber
i
.y Jt\Z .W .+ vinr-  PRESSURE GUN o lubriconl chomber.
j\wv LUBRICATION

Livai TPADA
FLUSH ouT [ ——
CONNECTION

1 "**+“ DRAIN FOR EXCESS LUBRICANT

AUTOMATIC LUBRICATORS EXCLUDE ALL
VAPORS FROM STUFFING BOX AND PACK-
ING LEAVING ONLY CONTACT BETWEEN
VAPOR AND LUBRICANT AT THIS POINT

LUBRICANT CHAMBERS ARE CHEMICALLY
RESISTANT ABOVE LUBRICANT
Proper selection of lubricant, piping, and
liquid for bubble chamber nvil be made for
chemical, pressure, and temperoture condl-
tioni involved. Scavenging gai could be
air, nitrogen, carbon dioxide or go* of re*

action of hydrogen ocetylene, etc
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The NEWEST Filtering Techniques
use one of nature’s OLDEST materials

Plants which were alive from 2 to 5million years
ago are the basis of the most modern filtration
processes in industry!

These plants later formed deposits of diato-
maceous silica, the raw material from which
Celite* is produced. A cubic inch of Celite con-
tains over 35,000,000 diatoms, greatly varied in
shape and size. They interlace to form a fine
filter coating, with openings finer than the finest
filter cloth. Teamed up with modern filtering

*Reg. U.S. Pat. Off.

Johns-Manvilie

equipment, this coating traps out suspended im-
purities, allows only clear liquid to flow through.

Johns-Manville produces 9 Celite Filter Aids of
varying degrees of fineness to provide every de-
sired combination of clarity and flow in the filter-
ing of sugars, syrups, fruit juices, fats and oils,
vitamins, drugs, lubricants, and many
other liquids. Write Johns-Manville,
Box 290, New York 16, N. Y., for
further information.

JOHXS-MAWV ItU

Vol. 38, No. 4
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Marine Real Estate. The Geological Survey, Depart-
ment of the Interior, has proposed that Congress soon ap-
propriate the wherewithal for exploring what may be the
last major mineral acquisition of the continental United
States. When on September 28, 1945, President Truman
asserted federal .sovereignty over those portions of the
continental shelf and overlying seas that border the United
States and Alaska, he laid claim to about 900,000 square
miles, comparable to the area we obtained in the Louisiana
Purchase. Nearly two thirds of the shelf is in the shallow
sxs adjacent to-Alaska. The remainder is divided as
follons:  Atlantic Coast, 155,000 square miles; Gulf of
Mexico, 137,000 square miles; and Pacific Coast, 26,000
square miles. There is no question that this newest acqui-
sition is of great economic value. In fact, rights to the
shelf off the California coast already have become the
prizein a heated dispute between federal and state govern-
ments and private oil interests.

Acontinental shelf surrounds every major land mass of
the world. It is characterized by a terrain with a rela-
tively gentle slope that extends to a depth of approxi-
mately 600 feet (100 fathoms). Beyond the edge of the
shelf, the slope of the sea bottom becomes distinctly
steeper. Continental shelves are not formed primarily
bysedimentation, and geologists are pretty much at sea to
explaintheir occurrence but think it may be aplastic slump-
ing of the continental mass to equalize pressures.

From scanty evidence now at hand, mineral strata ap-
pear to extend beyond the shore line and into the con-
tinental shelf with a continuity similar to that found on
land. Most of the limited explorations made thus far
have been in the Gulf of Mexico by oil companies; and
Most of our knowledge of underwater deposits pertains to
Petroleum, sulfur, and salt. The Geological Survey is
closemouthed about any other minerals believed to occur
®the ocean bed, but is frank in stating that location of
additional oil deposits is a major objective of the explora-
tion. The saline content of ocean water itself also will
he comprehensively measured, since it varies significantly
from one location to another as a result of the seasons,
evaporation, and discharge of fresh water streams. This
Oformation may reveal locations favorable for other chem-
‘cal-from-sea water methods similar to Dow- Chemical

/lih ¢Mi&ipbeiaiUte montUhf cLufSit.

»
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Company’s present successful and familiar bromine and
magnesium processes. The saline survey also is expected
to be valuable in’studies of marine life on the shelf.

Upon receiving Congressional approval, the Geological
Survey expects to start its first work in the Gulf of Mexico.
This area is particularly suitable because of its location,
the substantial width of the shelf, and the information
already available aboutit. The first year is expected to be
fully occupied with perfecting survey instruments and
methods. In the tentative program, actual collection of
records for the next nine years is expected to yield a reason-
ably accurate over-all conception of the resources. The
work planned includes study of samples already collected
over a period of years by the Scripps Institute on the
West Coast, by the Woods Hole, Mass., Oceanographic
Institution, and by the United States Coast and Geodetic
Survey. Both the Navy.and the Geological Survey are
anxious to have Navy craft used in the work. Thus, the
expense of the survey, in one sense, is merely the salaries
of the scientists involved and the costs of the special
equipment.

Exploration techniques will be largely the same as those
used before the war—namely, the magnetometer (used in
locating minerals with magnetic properties), the seismo-
graph (based on characteristics of shock waves from a
small explosion), and the gravimeter (functioning in re-
sponse to the density pattern of the earth). Although
these basic methods are not new, wartime adaptations,
particularly for use in airplanes, have increased the speed
of the methods over one hundred fold and have made
them much more accurate. An electronic development of
the war also appears to have use in the exploratory work.

All of the Geological Survey’s work stops at the location
and identification of mineral deposits. Whether or not
they are subsequently utilized has traditionally been
largely up to private industry, with the government’s
investment being repaid through lease payments, deple-
tion royalties, or taxes. Without doubt this system will
be used also in utilizing any discovered riches of the con-
tinental shelf, unless the physical problems that must be
overcome to utilize them are beyond the resources of pri-
vate interests. - D.O.M.

(Continued on page 8)
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Here’s a Valve
You Can Trust in

Exposed Locations

CHAPMAN
LIST 960

The Chapman List 960 Small Gate Valve is
fitted with a flanged forged steel packing gland,
which safeguards the threading on the valve yoke
against rusting and corrosion when the valves are
used in exposed locations. Quick-acting threads
open and close easily — will not stick or freeze,
and plugs can be superhardened for extra
severe services.

Chapman List 960 Valves in sizes from ~ to2"
— carbon steel for pressures to 800 pounds
at 750° F. For higher pressures, specify

List 990.

The Chapman Valve
Mfg. Company

ORCHARD, MASS.



LINK-BELT Bulk-TDhb

Is "TOPS" for Material-Handling Efficiency
In Modern Food and Chemical Plants

. ; ; Discharge end of Bulk-Flo, which dis-

Loop type Bulk-Flo receiving salt Top (discharge) end of Bulk-Flo unit. : ! i

movgd ¥r%m dryer by screw cong/eyor Material is discharged through chute charges into storage hopper, which in
' onto a vibrating screen. turn discharges into dryer.

Loading end of L-path

FU'HTF(IjQ rﬁceivi(?gfma- T,,,, photographs on this page show how Link-Belt
derrL:?n ty:osec (?rr)?:r rom Bulk-Flo is being employed to move free-flowing bulk
A y materials from one processing operation to another, and

from one floor to another, in a great midwestern plant
manufacturing food grade inorganic salts. This installa-

Horizontal Bulk-Flo tion is typical of Bulk-Flo’s flexibility and adaptability to
running across roof, car- a vast range of material-handling problems — whether
rying material from a large or-small, simple or complicated — in the chemical

bucket elevator into and food industries.
two separate storage

w'hoppers Bulk-Flo provides a safe, efficient, low-cost method of
' moving practically any flowable granular, crushed, ground

or pulverized material of nonabrasive, noncorrosive na-

ture. It conveys material in compartments, horizontally,

vertically, on any slant, around corners— wherever it is

necessary to move them, even across the roof (see photo

at bottom left) if desired! Bulk-Flos gentle handling

keeps degradation, breakage and dusting at a minimum.

Ask a Link-Belt Materials Handling Engineer for sug-
gestions on Bulk-Flo and/or other types of handling
equipment for your plant. Meanwhile, send for catalog
No. 2075 today.

LINK-BELT COMPANY

Chicago 8, Indianapolis 6, Philadelphia 40, Atlanta, Dallas 1,
Minneapolis 5, San Francisco 24, Los Angeles 33, Seattle 4, Toronto 8.

Offices in Principal Cities. '‘023%
A Few Bulk-Flo Features

I- Suitable for wide range of capacities.

2. Slow-speed operation; usually 30 to 60 feet per
minute.

Automatic loading (without feeders) at one or
several points.

Automatic discharge at one or more points on
horizontal runs.

Operates with partial or full load.
0- Dust-tight casing; no annoying updraft.



Maybe our imagination is flying a little
high, But to get out of the sky and come
down to earth, it's a fact that the "Red-
Reading-Mercury” column on a Palmer
Thermometer makes it possible to read tem-
peratures more clearly, easily, at a far greater
distance — even through smoke and steam!

This clear, sharp "readability” . . . plus pre-
cision manufacture, and longer life . . . make
Palmer Thermometers the choice of engineers
the world over.

In your plant, too, dependable, easier reading
Palmer Thermometers will best meet every
requirement.

Write For Catalog

PALMER SUPERIOR RECORDING and
DIAL THERMOMETERS

Recording Thermometer.
Mercury Actuated. 12 in.
die-cast aluminum case.
Flexible armoured tubing and
bulb of stainless-steel.  All
ranges up to 1000F or 550C.

Dial Thermometer. Mercury
Actuated. 8 in. case. Flexible
armoured tubing and bulb of
stainless-steel. All ranges up to
1000F or 550C.

THE PALMER CO.

MFRS- INDUSTRIAL, LABORATORY. RECORDING S DIAL THERMOMETERS

2512 NORWOOD AVE.. CINCINNATI/NORWOOD. O.

CANADIAN BRANCH: KING AND GEORGE STS.. TORONTO

. & E. C.
Reports on the
Chemical World

Today

“Lost Wax” Wanes, Waxes. Perhaps only a schizo-
phrenic would at first glance associate a modern jet-pro-
pelled P-80, winging its way across our continent in four
hours, with the familiar American dentist’s office. Butif
this be madness, let us have more of it: For, by fairing
the dentist's method of making well-fitted inlays for teeth,
the Haynes Stellite Company was able to produce ona
mass scale the much-needed cast buckets for aircraft
superchargers. This “lost wax process” or the “precision
casting process”, as it is called by Haynes Stellite, makes
possible the casting of alloys which have been considered
difficult to forge or machine, to tolerances of —0.003 to
—0.005. In addition to nickel-base Hastelloy and cobalt
base Stellite, two tough abrasion- and corrosion-resisting
products, it is now possible to precision cast Types 316,
310, 347, and 410 stainless steels. The finished product re-
quires only a few grinding operations and usually no
machining operations before it can be used. To date the
largest precision casting made, by this process on.a mess
scale is a coupling for a Pratt and Whitney engine, fabri-
cated of type 347 stainless steel and weighing Approxi-
mately | ¥ 3pounds. However, this figure is not the maxi-
mum weight that can be produced. Already parts weigh-
ing up to 5 pounds have been cast on an individual basis,
and as far as minimum limits are concerned, suffice it to
say that items weighing only 0.002 pound have been suc-
cessfully cast.

Essentially the precision of the whole process is based m
the fact that, for each piece produced, a wax pattern is
necessary. These patterns are made by injecting a suit-
able wax into a soft metal die which, in turn-, had been
cast from the master pattern deliberately oversized to
allow for wax and metal shrinkage. A multipattern as-
sembly is then made by welding several of these patterns
to a series of risers and gates also made of wax. When
the mold is formed, these become the channels through
which the molten metal flows during the casting operation.
This assembly is dipped into a suspension of finely divided
silica and dehumidified, with the resultant formation of a
tight-fitting film which becomes the smooth inner surface
of the mold during the firing. A simple Hastelloy con-
tainer is then built around this assembly, and chemically
hardening investment material'of a siliceous nature is
poured in to form the actual mold. The wax is then “lost"
or burned out of these molds by passing them through a
continuous furnace heated from 1300° to 1900° F.

The actual casting is done by clamping the mold upside
down over the pouring spout of a small, indirect arc heated
furnace which contains the charge metal. The furnace is
then inverted and air pressure is applied, forcing the
metal into the mold quickly and compactly. After cool-
ing, the risers and gates are cut away from the castings
which are then shot-blasted prior to the grinding operations
wherein the gate areas are smoothed. Sandblasting then
finishes the castings, and they are ready for final examina-
tion. After dimension checking, they are subjected to
Zyglo fluorescent tests to reveal surface imperfections and
X-raying to uncover internal faults. (Continued on page 1O



"Proof of the pudding ..

T?or your money’s worth in gas
% processes, deal with the organi-
zation that offers tangible evi-
dence of wide, practical experi-
ence in the field.

This Girtxptol plant is one of
many engineered and constructed
by Girdler since originating the
Girbotol Process for the effec-
tive, economical removal of hy-

WE DON'T GUESS ABOUT GAS

drogen sulphide from natural gas.

And the Girbotol Process iS
one of many gas processes which
Girdler designs and builds—proc-
esses for gas manufacture, purifi-
cation, separation, and dehydra-
tion—processes involving hydro-
gen sulphide, carbon monoxide,
carbon dioxide, inert and con-
trolled atmospheres, natural gas,

refinery gases, liquid hydrocar-
bons, hydrogen, nitrogen.

For further proof, and for direct evi-
dence of what this wealth of experience
means to you, write today giving an
outline of your specific problem in gas
processing. Get Girdler engineers—
specialists in gas processing—on the job
and be sure you are getting men best
qualified for the work.

the GIRDLER CORPORATION

Gas Processes Division, Dept. IE-4, Louisville I, Ky.
New York Office...

150 Broadway, New York 7, N. Y.



STAINLESS STEEL

...1s ONLY AS GOOD AS
ITS FABRICATOR

From the minute you decide on a made-to-
order stainless steel vessel, you're in the
hands of a fabricator. In fact the selection
of your fabricator is generally one of your
big problems.

It's more than a question of following
blueprints. Stainless steel is a difficult alloy
to work. It "acts up" during fabrication. In
cutting, forming, welding and even in finish-
ing, your fabricator must know how to guard
the corrosion resistance and strength of the
alloy. His plant must be specially equipped
for working with stainless steel.The longer his
experience, the more help he'll give you in
building vessels that meetyour requirements.

We work exclusively with stainless steel and
alloys. Our plantis specially tooled to fabricate
this metal. Our engineers and mechanics are
particularly trained for the work. Why not
consult us when you plan>your next stainless
steel vessel?

S.BUCKMAN, INC., 1204 GREGORY AVE., WEEHAWKEN, N .I.

. & E. C.

Reports on the < / /
Chemical World /echn& UKft

Today

Although the “lost wax” process had been known for
years, it was not until the wartime demand for super-
charger buckets arose that the mass production possi-
bilities were investigated. Over 25,000,000 pieces of this
item alone have been made in addition to hundreds of
thousands of other types of industrial and military parts.
Precision casting has opened many new avenues to the
design engineer. Now it is possible for him to plan shapes
and contours, never before considered practical, from the
desirable abrasion- and corrosion-resistant alloys.

“Lost wax” has found itself. R.L.D.

Bad News for Bugs. In the food industry, sterilization
of equipment is a highly essential function. A recent
development is the introduction of quaternary ammonium
compounds as cationic germicides, and experimental work
indicates that an important job is marked out for those in
the processing and canning of foodstuffs. Thus far this
industry has kept its manufacturing equipment free of
bacteria with the use of steam, hot water, and chlorine, but
there is now a possibility that, industrial sterilization is
entering a new phase.

At the New York State Agricultural Experiment Sta-
tion chemists and bacteriologists are investigating quater-
nary ammonium compounds for sterilization in the food in-
dustry since they are odorless, they enter readily into solu-
tion, and their use does not involve corrosive action. On
the other hand, they vary considerably in specific action
according to types; yet the least efficient in the group pro-
vided a bacterial kill of 90 to 95%. This made it neces-
sary for the experimenters to resort to a wide description
of test cultures, including Escherichia coli (a heat-resistant
strain), Aerobacter aerogenes, Streptococcus cremoria (a
cheese starter organism), Bacillus subtilis M-23 (a meso-
philic flat sour organism isolated from beets), and others.

When the number of quaternary ammonium germicides
used in the test is considered, the magnitude of the task
can be appreciated. At a recent meeting of the Institute
of Food Technologists, a dozen of these germicides were
described, and the results of the tests outlined. They are
not easily committed to memory. The compound
marketed under the trade name “Nopeo QCL” is lauryldi-
methyibenzylammonium chloride. Hyamme 1G22 is
diisobutylphenoxyethoxyethyldimethylbenzylamnionium
chloride, CTAB is cetyltrimethylammonium bromide, and
another called “Onyxide" or “Quartol” is oleydimethyl-
ethylammonium bromide. Similar to the latter chemically
are BTC and Tetrosan.

The state agricultural chemists report that Aerobacter
aerogenes was more sensitive to cationic germicides than
Escherichia coli, a capsulated slimy strain found in paper
mills. If the former was used as the test organism, com-
plete killing was noted in much lower ‘concentrations of
the germicide than when Escherichia coli was employed in
the standard test. The cationic germicide Isothan Q 15
completely killed both Escherichia coli and Aerobacter
aerogenes in about the same concentration, 1 to 8000, after
some 10 minutes of exposure. (Continued on page w



Continuous, closed method revolutionizes another processing job

AT Continental Oil Company’s Ponca
mii City plant, these four spic and
span Votator* Units process more than
‘10,000 pounds of paraffin wax per eight-
hour day—double the volume formerly
achieved with roll-type equipment occu-
pying about the same floor space.

This accomplishment is especially
significant because of the narrow tem-
perature range between liquid and crys-
tallized paraffin. Liquid enters the
\otator at 138° F and in 41 seconds
wex is discharged into barrels at the
critical temperature of 116° F. Precise
control assures uniform crystallization
andprevents motor overload that would
result from premature solidification.

With their automatic operation, the
Votators simplify wax production and
packaging, and do the job with half the
manpower formerly used. One man
Serves tWo Votator units.

Capable of extremely effective heat
transfer, [The overall coefficient with
wax, for example, is 535 Btu/(hr) (ft2)
(°F)] continuous, closed Votator equip-
ment is achieving outstanding success
in the processing of lard, photographic
emulsions, margarine, shaving cream,
printing ink, textile printing gums, fruit
puree, polishes, as well as wax. If your
processing problem falls into one of
these categories, plans are ready for a
plant-tested votator installation cer-

tain to put production on a more profit-
able basis.

The Girdler Corporation, Votator
Division, Dept. 1E-4, Louisville 1,
Kentucky; 150 Broadway, New York 7,
N. Y.; 617 Johnston Building, Char-
lotte 2, North Carolina.



NO. 11
FORPACKING 5T 0 15 LBS.

NO. 21
FOR PACKING 25 TO 75 LBS.

NO. 41
FOR PACKING
100 TO 750 LBS.

U kSIA. ri& p& U £i<f Saoi+UfA, w ith

VIBROX PACKERS

Containers ranging from as little as 5 pounds to as big
iS\/iDDAvn i °an be.Paciced quickly and efficiently with
a VidkUa . Its smooth, fast, continuous, vibrating-rocking
motion packs down and settles materials so effectively
that smaller sized containers can usually be used. Vibrox
Packers offer big savings in labor, containers, shipping
space, and shipping costs for packing dry, powdered,
granular, and certain flaked materials. Send us a sample
of your product We’ll gladly VIBROX-test it and
report results with facts and figures.

B.F.Gum C o.

Engineers and Manufacturers Since 1872

415 SOUTH CLINTON STREET, CHICAGO 7, ILLINOIS
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Rather thorough tests were carried out in order to deter-
mine the effects of various quaternary ammonium chemi-
cals upon metals. Some of those employed were nickel,
Monel, tin, aluminum alloy, red brass, 30% cupronickel!
phosphorus-deoxidized copper, tinned copper, and stain-
less steel. All are employed to some extent in food proc-
essing industries.

Practically no corrosive effects were shown by test
metal strips placed in contact with Hyamine 1622 o
Tetrosan for 21 days. There were some minor exceptions.
In the instance of hot-dipped tin some rusting was noted
at the edges of the strips, where breaks and abrasions oc-
cur in the tin coating. Small pitted spots also appeared
on tinned copper after 21-day exposure to the germicides
and to the effects of water control. Here again breaks in
the protective tin coating apparently were responsible.

The highly selective character of the cationic germicides
has already been mentioned. G. J. Hucker of the experi-
ment station finds that they are highly specific against
spore formers as well as against the organisms normally
encountered in food processing and other industries. HS.

Plastic Sandwiches. The idea of incorporating other
materials with plastics to increase their strength and make
them more adaptable for wider uses is not new. Onlya
few months after the first phenol-formaldehyde resin wes
produced by Leo Baekeland in 1909, a phenolic laminate
was made. However, prior to 1940 "plastic sandwiches"
of resin and paper or other reinforcing materials were
made under pressures of 1000—2500 pounds per square
inch. This necessitated heavy, well engineered, and con-
sequently expensive equipment for the lamination mold-
ing operations. These high working pressures also had
the effect of limiting the area of the molded product that
could be produced.

Low-pressure molding and lamination practice has been
directly dependent upon the development of resins that pos-
sessed a high degree of flow and were curable at low pressures
but still maintained good mechanical and electrical qualities.
At present two kinds of thermosetting resins are used in lon
pressure molding, phenol-formaldehyde and ester type3.
The bulk or density of this filler determines to some extent
the lowest pressure that can be used; this, in turn, often
governs the type and quantity of resin. It has been found
that high-density papers and tight-woven fabrics mold at
lower pressures than do the waterleaf type papers and loosely
woven fabrics. When materials such as fabrics or papers are
being treated for lamination, the resin is usually applied by
immersing the material in a bath or' by passing it through
squeezerolls. Afterimpregnation, the sheetis passed through
a heating tunnel where the volatile solvents are removed at
a prescribed critical temperature for that particular resin.

One of the means to apply the necessary molding pressure
to the resin-treated material is the toggle-operated hot press.
The mold consists of a fixed metal part, heated by steam or
strip heaters, and an opposing section consisting of an in-
flatable rubber bag incorporated (Continued on page U)



Devine Vacuum Chamber Dryers are designed
to dry pharmaceuticals, chemicals, foods, and
other materials with the utmost rapidity con-
sistent with satisfactory results. Devine “Better-
Built” construction provides positive control over
heat and vacuum, assuring uniform drying

within predetermined limits. Full-width doors

PORTER
\ St I|E/t'/'
Equipme

E«ufclich»d 1863

H. K. PORTER COMPANY,

are designed for easy access and quick placing
and removal of shelves. Heated pans and con-
nections are so designed and installed as to
withstand indefinitely the strains of expansion
and contraction. Devine Dryers— Drum, Rotary,
and Shelf types—are made in a wide range of

sizes. Descriptive bulletin sent on request.

INnc



£his dilution basin, made of Permanite,.
is to be used for handling waste liquids
containing hydrofluoric acid -which
could not be han-

dled by acid-proof

stoneware.

IpsiBaaasfa'iP
new corrosion-proof
materia!, offers many

advantages

CHEMICALLY, Permanite resists all
alkalies, weak or strong. It resists chlorine,
hydrochloric acid, hydrofluoric acid, phos-
phoric acid, acetic acid ‘and up to 50%
sulphuric acid. Permanite resists solvents
such as gasoline, alcohols, ketones, phenol
and glycerine.

PHYSICALLY, Permanite is tough, hard
and non-absorbent. It resists thermal shock
and temperatures up to 360° F. Permanite
may be bonded strongly to many other
materials. It can be cut, sawed, drilled and
machined.

FABRICATED FORMS. Laminates of
Permanite and woven glass fabric have
exceptional toughness and strength. Some
types of Permanite equipment put in service
during the past two years are: Special tanks,
trays, sinks, filter press plates, tower covers,
liquid distributors, grids, fume washers and
flanges for nozzle and pipe connections.

PERMANITE CEMENT used with the
proper brick provides a clean, durable, non-
slip floor resistant to fats, oils, alkali cleaners,
steam and most acids.

MAURICE A. KNIGHT

304 Kelly Ave., AKRON 9, OHIO
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in the press head. The pressure, which may vary from 5
to 250 pounds per square inch, is applied on the material by
bleeding water into the rubber bag through the press head.
The hydraulic press is valuable in the production of flat
sheet laminates by low molding pressures which produce les
strain and distortion in the filler material and, hence, tougher
finished sheets which are less suceptibie to warpage. The
ability to mold large sheets of. laminate by this method hes
made possible'the use of decorative panels for construction
work. A recent survey by Architectural Forum indicates that
this tnarket will probably reach 8750,000,000 a year. These
materials will soon be marketed under such names as Weld-
wood, Duramold, Lap-Ply, Metal-Ply, etc.; in addition to
offering service as flat laminates, they can be contour-molded
into rounded shapes. The latter property has been utilized
in the fabrication of four molded boats, shown at the exhibit
of the Society of Plastics Industry in Chicago. The largest,
a continuous skin hull in one solid piece, was 17 feet long ad
moistureproof, wormproof, leakproof, and rotproof. These
resistant qualities will make low-pressure reinforced plastics
excellent substitutes for metals where climatic conditions are
severe. Itisnot probable that high-pressure laminating will
be replaced by low-pressure molding, but it is expected that
the latter process, born from the urgency of war, will greatly
extend the use of reinforced plastics in our daily life. mR. L. D

Sharpshooting with DDT. TVA’s success in controlling
malaria in the Tennessee Valley lias been so resounding that
discoveries of malaria-positive blood smears have become
events in recent annual surveys-averaging hardly more than
one per thousand among those most likely to have malaria.

The principal control methods used by TVA have been a
combination of lake level fluctuation and airplane dusting of
large shallow-water areas with larvicide (usually Paris green).
In addition, shore-line weeMs that favor mosquito growth are
controlled by mowing or cattle grazing, and the shore-line
contour is shaped to eliminate pockets of stagnant water.

When DDT was added to our list of chemical “miracle”
workers, its possible use for malaria control was not over-
looked. At the suggestion of the Orlando (Fla.) Laboratory
of the U. S. Bureau of Entomology and Plant Quarantine,
TVA conducted preliminary airplane dusting tests in 1943
and much more extensive tests in 1944 and 1945, with the
assistance of the former group and others from universities
and the Government. Results were highly successful. DDT,
dissolved in a thermal aerosol that was evaporated by the
heat of the engine exhaust, was effectively distributed asa
visible cloud by the propeller blast. Application of 012
pound of DDT per acre was more effective in killing mos-
quito larvae than the standard Paris green treatment of 1
pound per acre, and estimated comparative costs were
cents per acre for DDT compared to 85~for Paris green.

Two bays were isolated from a TVA lake and given this
standard DDT treatment. Examination of the fish at the
end of the season showed that no harm had been dore.
The damage to insect life was confined to mosquitoes. D.O.M.

(Continued on page 18)
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urfural, the cheapest pure aldehyde available today, does duty for the chemist
F on two counts—its physical properties and its chemical properties.

PHYSICALLY...

Because of its selective solvent properties, its prefer-
ential solubility for unsaturated compounds, Furfural
iswidely used to refine organic crudes with compo-
nents of varying degrees of unsaturation. In the refin-
ingof lubricating oil, in the separation and purification
of butadiene, in the manufacture of pale rosins from
crude dark colored rosin, in the separation of fractions
of high-iodine number
glyceride oils,

from animal and vegetable

Furfural is especially effective and
economical.

Other uses for Furfural, continually gaining in im-
portance,' are as a dispersant in resinoid-bonded abra-

sive wheels, dyes, lacquers, and varnish removers.

CHEMICALLY...

Its versatility as an aldehyde in condensation, oxida-
tion and reduction makes it a useful raw material in

LITERATURE AVAILABLE ON

Three Bulletins

in a series on die
Furans being published by die Quaker
Oats Co. Chemicals Dept, are now available to

organic syntheses.

PHYSICO-CHEMICALLY...

In the manufacture of phenolic resins, Furfural is being
used because of its high boiling point, its high molec-
ular weight, and the unique properties of its hetero-
cyclic ring structure. Valuable in this connection too
are its solvent properties. Ability to dissolve phenolic
bodies and resinous condensation products makes it
possible to maintain substantially homogeneous mix-
tures throughout the reaction process.

gfiubfauU SUPPLY IS PLENTIFUL...

The supply of Furfural is'ample to meet all present
and anticipated needs and a program to keep produc-
tion facilities ahead of increasing demands is already in
operation.

PROPERTIES OF QUAKER FURFURAL

(Furfuraldehyde/ C4H30-CHO)
Amber-colored liquid of high liability and unusual purify

leum hydrocarbons andglycerol;

FURFURAL

those interested. They are:

Bulletin 201—General Information About
Furfural.

Bulletin 202-Introduction to the Chemistry of
the Furavs.-

Bulletin 203—Physical Data on Furfural.

Any one of these or all will be
sent free of charge .when re-
quested on your letterhead.
Samples will be gladly fur-
nished to those who would
like to work with Furfural
and the Quaker Oats Techni-
cal Staff is ready to help in
the application of Furfural to
your problems.

The Quaker Qate (pmparY

1910 BOARD OF TRADE BtDG.
141 W.JACKSON BLVD., CHICAGO 4, ILLINOIS

FURFURYL ALCOHOL

FUROIC ACID -

Molecular Weight e 96.08
Freezing Point, °C ...coee. .. —37
Boiling Range (99% ]°C..157 to 167

Specific Gravity (20/20°C).... 1.161
Flash Point (open cup)°C....
Refractive Index (20/D)

SurfaceTension at 20° C (dynes/cm) 49
Viscosity at 38°C (centipoises). .1.35

Solubility: Completely miscible with
ethyl alcohol, ether, acetone, benzol,
butyl acetate, china wood oil and
most organic solvents except petro-

8.13% by wt. in water at 20°C.

Analysis
Furfural, minimum %

W ater, maximum %
Organic Acidity, Maximum
equiv/l
Ash, maximum
Mineral Acidity.
Sulfates....
Ketones....

*As determined by A.0.A.C. method.

Standard Containers: 9,45,90, and 520 Ib. Drums
{Carload of Drums 80 to 88..41,600 to 45,760 Ibs.

Tank car 8,000 gol

Tank car 10,000 gal...

fODT requires maximum loading

Drums non-returnable

TETRAHYDROFURFURYL ALCOHOL
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Birmingham Continuous Clay “Reactivating” Filter

in contacting plant at Wellsville Refinery of Sinclair Refining Company.

repeatedly to high efficiency with simple solvents, a
similar—"‘reactivating”—filter is used in series with
the ‘deoiling” filter to recover and naphtha wash the
solvent reactivated clay. This BIRMINGHAM filter
type provides a high washing efficiency, is regularly
fitted with the (patented) DRICAKE discharge and
compartment flushing device for separation of filtrate
and wash. This filter is available in standard sizes
from 50 to 500 square feet of filter area.

AManufactured by The Magnesol Corporation.

BIRMINGHAM MANUFACTURING CO., 11

BIRMINGHAM ALABAMA
350 MADISON AVE NEW YORK

SAN FRANCISCO

NEW ORLEANS SEATT
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Research Chemicals
ALKANE SULFONIC ACIDS

Anew Series — Interesting in both the Organic and inorganic Fields
Available only in research quantities—potentially available commercially.

THE ALKANE SULFONIC ACIDS

Are strong, stable acids, non-reactive with paraffinic and aromatic hydrocarbons. Are effective but
milder catalysts than sulfuric acid in typical reactions. Form many interesting organic derivatives.
Form metal salts characterized by high water solubility, including those of lead and barium.

ICAL PROPERTIES

Available in Vi and 1 pound packages, prices on request. Methane and ethane sulfonic acids are in limited supply
mixed acids available in larger quantities.

For further information send for Bulletin No. Tl and for price list.

available commercially

Aliphatic Hydrocarbons STANDARD OIL COMPANY (INDIANA)
High Boiling Aromatics
Petroleum Sulfonates CHEMICAL PRODUCTS DEPARTMENT

Rubber Plasticizers

Polybutenes 910 SO. MICHIGAN AVENUE, CHICAGO 80, ILLINOIS



chief reason Wh¥L the
Three-Way Valves

No. 631

have met widespread approval and acceptance.

Designed for mixing and quick interchange
service, these valves are adapted to pressures
from 15 to 900 psi and for elevated or sub-zero
temperatures. In manual operation, four to six
revolutions ofthe hand wheel fully open or close
the valve vane. Adjustable linkage is usually pro-
vided so that the mixture can be changed atwill.

W ith a pressure drop across the valve, the
vane tends to close itself. The torque on the
closed right-hand vane (see illustrations) is op-
posite to that on the open left-hand vane so that
the torque is equalized and no excessive load
is placed on the prime mover, whether the op-
eration is manual or automatic.

Available in sizes from four to sixty inches.
Write for details and Catalog No. 14-B.

VALVE DIVISION

R-S PRODUCTS CORPORATION
Germantown Ave. & Berkley St. + Phila. 44. Pa.
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War Baby’s Epitaph. If old-fashioned, lengthy epitaphs
were still in style, an impressive one could be inscribed for a
war baby that barely lived to be four and a half years old.
It was born December 9, 1940, when the first Engineering
Defense Training (EDT) courses got underway to help relieve
the shortage of engineers in specialized fields essential to
national defense. Later the program was broadened to in-
clude courses for chemists, physicists, and production super-
visors. On June 30, 1945 (end of the governmental fiscal
year), the European war was over, the Japanese military
machine was ready to crumble, and ESMWT (ET plus science,
management, and war) breathed its last on the date usually
provided for demise of federal agencies that are mortal. In
the period intervening, a total federal expenditure of S59-
967,040 had been made, and separate enroliments aggregating
1,795,716 were recorded. The principal burden was carried
by the colleges and universities'that did the on-the-spot job
of administering the courses. A small central staff in the
United States Office of Education coordinated the policy
through its control of the purse strings. Teachers were drawn
from school staffs and from industrial organizations.
> Enrollment in courses classed as chemistry and chemical
engineering totaled 39,000 and 52,000, respectively. Numer-
ous additional workers in the chemical field undoubtedly
participated in other courses with such general names as besic
science for engineers (100,000), general engineering (208,000),
industrial engineering (185,000), and production supervision
(387,000). A high-school.education or it's equivalent was a
minimum prerequisite for any course, but many specialized
subjects were for college graduates. Total enrollments ranged
from 151,000 at the University of California and 142,000 at
Penn State, to 11 at Fisk, a negro college in Tennessee, and 24
in the East Texas State Teachers College. Courses were
given in every state and in Alaska, Puerto Rico, and Hawaii.
Women comprised nearly one sixth of the total enroliments.

As the inroads of Selective Service on the originally limited
number of technically trained persons became deeper, indus-

: trial organizations were forced to make drastic readjustments.
Jobs previously performed by, professional employees were
broken apart and carried on by technicians with narrower
qualifications of experience and ability. ESMWT supplied
the only specialized training received by'many of these tech-
nicians before they took such jobs. . Many others were up-
graded into more responsible technical work after additional
training in the courses.

The ESMWT program has been in its grave nearly a year,
but some of the by-products of its operation remain as per-
manent benefits in the Nation’s educational structure. Many
schools first undertook extension services under the ESMWT
program, and many others greatly expanded existing services.
A substantial number continued the services when the
ESMWT program ended.

The United States Office of Education-plans a clearing
house of information for and about the engineering schools
that were the core of the program. Should this venture bear
good fruit, similar efforts for other types of schools may
follow. The American people will receive dividends from this
sixty-million-dollar investment for years to come. D.O.i j
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-ou can learn a lot
about a compressor

from its crankshaftl

Since 1859

Gardner-Denver Class “HA” Two-stage
Horizontal Compressor. Available in
capacitiesfrom 816 to 2012 cubic

feet displacement per minute.

Vol. 38, No. 4

H ere is the main crankshaft of a Gardner-Denver
Ciass “HA” Horizontal-Air Compressor. Notice those
Timken roller main bearings—an exclusive Gardner-
Denver feature. The shaft is a steel forging, heat
treated and finished all over. The crank discs are steel

castings and counterweights are cast integral.

That crankshaft tells you a lot about an “HA”

Compressor — because it is typical of the kind of

construction used throughout. That’s why

the “HA” is a heavy-duty compressor in

every sense of the word. That’s why it

gives year after year of continuous service

— 24 hours a day if you like—with a bare
minimum of maintenance.

If you’re looking for a compressor that’s a standout
for service—and a miser on costs—Ilet us tell you
more about the “HA”. For complete information,
write Gardner-Denver Company, Quincy, lllinois.

OTHER "HA” FEATURES

e Air cylinders designed for highest volumetric
efficiency and lowest horsepower requirements.

e Large water jacket areas for cooler-running . . .
lower discharge temperatures and lubricating
economy.

e Duo-plate “cushioned” valves for high delivery
capacity, high compression efficiency and lowest
power consumption.

* Five-step capacity control regulates air output
in five steps to suit your air needs.

What is the only extra thing needed to make
this installation 100% perfect?

Answer: A Gardner-Denver After-Cooler.



Special Technical Manuals

Auvailablenow. .. extensive op-
erating data on the Metal Fluo-
borates in the technical manuals
outlined here. For copies, write
°r phone the nearest General
Chemical Sales and Technical
Service Office listed above.

Progress ana important advancements
modern electroplating lie ahead with the
broadening use of General Chemical
Metal Fiuoborate Solutions. Today—flu-
oborate baths are proving outstanding for
many lead, tin, lead-tin alloy, copper, zinc
and other applications.'Tomorrow—Metal
Fluoborates hold still greater promise
since their superiority to ordinary baths
is indicated both by the unusual charac-
teristics of the fiuoborate electrolyte and
by the type of deposits obtained.

To the electroplater, the Metal
Fluoborates, generally, offer such
advantages as: 1. Concentrated so-
lution form; no mixing or dissolv-

general

chemical

ing necessary. 2. Simplicity of bath
preparation and ease of control, i. Sta-
bility of composition, high conductivity,
and good covering power. 4. Fine-grained
deposits'of good color. 5. High-speed op-
eration, with practically 100% anode and
cathode efficiency.

These advantages can mean real econ-
omy, efficiency, and convenience in your
plant. So investigate the Metal Fluobor-
ates now by writing for technical data
and trial samples of the products that
interest you. As always. General Chemi-
cal’s skilled Engineering and Technical
Servicemen are available to assist you in
preparing for test or full-scale runs.

company

40 RECTOR STREET. NEW YORK 6, N. Y.

Sale, and Technical Service Offlca: Atlant* Baltimore . Boston ¢ Brld™ °"

Charlotte <N. C.) . Chicago - Cleveland . Denver . Detroit . Houston ; Kan», CIW - Los Angetes
Minneapolis . New York - Philadelphia . Pittsburgh ..Providence <K. U « San Francisco Seatuo
St. Louis . Utica CK Y.) + Wenatchee . Yakima Wash.)

In Wisconsin: General Chemical Wisconsin Corporation. Milwaukee, Wis.

Id Canada: The Nichols Chemical Company. Limited

Lead-Tin Alloy Plating manual It-i

Full description of the practical, economical fluobor-
ate method for plating lead-tin alloys™in any desired
ratio (particularly low-tin ranges) with high degree
of uniformity and minimum of control measures.

Zinc Fiuoborate manual zf-i

Covers high-speed plating with Zinc Fiuoborate elec-
trolyte from which zinc is deposited at higher rate
than from other acid baths. Also explains tank and
barrel plating on cast or malleable iron.

. Montreal « Toronto * Vaatouver

Copper Fiuoborate manual cm

Ready soon. Comprehensive details on Copper Fiuo-
borate electrolyte which'deposits copper at higher
rate than any other known add baths . . . without
addition™agents . - .-with unusual simplicity of control.

Metal Fluoborates bulletin iois-'a

General information on Metal Fluoborates plus spe-
cific operating data on plating with Lead» Tin, and
Cadmium Fiuoborate.
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ICKWIRE SPENCER WIRE CLOTH AIDS NORTON

COMPANY MAINTAIN UNIFORM QUALITY

Because offsize grains either fail to do their
share of work or scratch and mar the finish,
sieving accuracy is essential in the produc-
tion of abrasives. To maintain the high
quality of their abrasives, the Norton
Company uses accurate mechanical sizing
machines and rigidly checks all screens
with master standard grain samples against
master standard sieves.

The use of Wickwire Spencer Wire Cloth
by the Norton Company is an example of
our service to over 100 industries whom
we supply with precision fabricated wire
cloth in a dozen different weaves. Whether

FREE BOOKS ON WIRE CLOTH

. PERFORATED METALS

you use wire cloth for screening, filtering,
separating, grading, cleaning or processing,
you'll find that Wickwire Spencer Wire
Cloth will give long, dependable service
under chemical action, corrosion, abrasion,
moisture or high temperature.

Our engineers will be happy to serve
you in the solution of your wire cloth
E>roblems. Just write Mechanical Special-
ties Division, Wickwire Spencer Steel,
Sterling St., Clinton, Mass.

These profusely illustrated reference guides are filled
with valuable technical information regarding proper
selection and usage of wire cloth and perforated metals.
For your copy of either one or both books, address
Mechanical Specialties Division, Wickwire Spencer

Steel, Sterling St., Clinton, Mass.

WICKWIRE SPENCE

A DIVISION OF THE COLORADO FUEL AND IRON CORPORATION
EXECUTIVE OFFICES—500 FIFTH AVENUE, NEW YORK 18, N. Y.
Abilene (Tex.)  Boston e Buffalo * Chattanooga mChicago < Clinton (Mass.)
Detroit « Houston ¢ Los Anageles  Philadelphia * San Francisco e Tulsa ¢ Worcester
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f A deliveries are not coming through as fast as you would like
to have them, we would like to borrow'the artist’s idea and
say "Don’t shoot, we're doing the best we can" We are trying
our best to furnish the same prompt delivery service that' has
been available to SOLV AY customers for years, but in spite of
all our efforts, current demands have kept ahead of production,
\We appreciate.the friendly cooperation of loyal SOLVAY cus-
tomers and we hope that It will not be long before apologies

for’tardy deliveries, will oo longer'be, necessary,

SOLVAY SALES. CORPORATION

Alkali» Md Chimkd P-odvCt*Abotufitetare] tsy
S O L V A Y The Solvay Praan Company
40 Rector Street -New York ft, N, V,

Hftsti , Caustic Soda - Specially Cleansers * Chlorine Products ¢ Ammonium & Potassium Product« Caidum fh.onrfe
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CDSILICONE RESINS
For paint that protects at 500 +.

Heat-resistant silicone paint, pigmented with aluminum, has
protected this Diesel exhaust muffler from rust for 18 months at
510° F. in a humid atmosphere laden with chemical fumes.

Painted on the same day with conventional aluminum paint,
and exposed to identical conditions, this muffler has suffered
marked discoloration due to rusting of the metal surfaces.

SILICONES

-« ¢« Proof Against Moisture, Weathering, and Chemical Fumes

Now—with these unique silicone resins—you can DOW CORNING CORPORATION

readily formulate heat:resistant paints that fill MIDLAND, MICHIGAN

the gap between organic paints and ceramic Chicago Office: Builders' Building « Cleveland Office: Terminal Tower
H H New York Office: Empire State Building

Coatlngs. Available tOday’ DC 801’ 802’ and In Canadal: Dow Corning Prqducts Distributed by

803 can be blended for practically every degree Fiberglas Canada, Lid. ,Teronto

of hardness and flexibility. Though markedly
different from all previous paint vehicles, these
silicone resins can be formulated and mixed—
like other paint resins—with inorganic pigments.
DC 801, 802, and 803 are largely inorganic.
That's why they resist heat, oxidation, ultra-
violet rays, and chemical fumes. In addition,
they are waterproof, water-repellent and non-
yellowing. For further information, call on Dow
Corning.
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team Vacuum Unit requires but a small amount of make-up water to main-
in vacua in ranges up to 1 mm absolute.

The unit illustrated consists of two-stage steam jets and a one-stage water
jet exhauster. The steam jet exhausters operate in series and discharge into
a water jet exhauster which serves both as a condenser for the actuating
steam and as the low vacuum stage jet. This exhauster discharges into a
specially designed chamber where the non-condensable gases are liberated.
The water is re-circulated through the water jet exhauster by means of a small
centrifugal pump which is an integral part of the unit. To maintain the required
vacuum a small amount of make-up water is continuously added.

These units are available as a water jet vac pump or with 1, 2 or 3 stages of
steam jet boosters. Auxiliary equipment such as separators, strainers, pressure
regulating valves and superheaters may be included if required. No barometric
leg is necessary.

Readily installed, easily operated and requiring practically no maintenance,
the compact SK Hydro-Steam Vacuum Unit produces a high vacuum quickly
and economically. Itis made in six sizes to handle various quantities of gases.

Write today for new, illustrated Bulletin 5-AA4 which contains full details.

Eemploying a unique method of condensing water utilization, the SK Hydro-

"SCHUTTE & KOERTING CO. Thoutufdchwun?

1160 Thompson St., Philadelphia 22, Pa;
fr HAYSNS « HAN TRNFEREQMVET « STRANES
new... CNENES AD\ATIVRMS «  OLBRING EQIRVET
FOIAMETERS A\ND AONINDICATTRS « RADIAAN TUES
compact... VAV « FRYNOZES ADAMEES + GZRRMB
economical
Make-up Water
Overflow
Suction

Steam Supply

Steam Jet Exhauster
(First Stage)

Steam Jet Exhauster
(Second Stage)

Water Jet Exhauster
(Third Stage)

Recirculating Pump
Chamber

3



MERCURY SWITCHES

*Glass enclosed — non-chatter-

ing

Contact capacity: 30 amps, of
115 volts A.C.

Open contacts and need for
external relays eliminated.

Trouble-free operation even in
corrosive atmospheres.

INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 38 No. 4

MERCURY SWITCH CONTROL

The Brown ElectroniK Potentiometer.. .unsurpassed for outstanding performance

...has been made more versatile with Con-Tac-Tor Mercury Switches for the control of
electric and fuel-fired furnaces.

Continuous Balance makes possible Continuous Correction— recording—signalling.
Lon-lac-lor (glass enclosed) mercury switches are worthwhile features that eliminate

corrosion problems and the need for extra relays—and are available in fourteen different
switching actions.

For applications where thermocouples or Radiamatics are used as the measuring

element the scope of the Brown ElectroniK Potentiometer plus Con-Tac-Tor mercury
switch control is unlimited.

features of this new ElectroniK Controller are:

"rnKITIWMonch Prov'des quick and easy setting of control point.
9 BALANCE" PRINCIPLE OF MEASUREMENT AND CORREC-

TSVUY, ACCURACY,"NDORUGGEDNCESs!°nVen’'Onal 3alva"°meter- SUPER SENSI’

AUXILIARY MERCURY SWITCHES are available on both circular chart and strip chart
tlectromIKs for signalling alarms, safety devices, etc.

Write for catalog THE BROWN INSTRUMENT COMPANY, a division of Minneapolis-
Honeywell Regulator Company, 4480 Wayne Ave., Philadelphia 44, Pa. Offices in all principal
cities. loronto, Canada; London, England; Stockholm, Sweden; Amsterdam, Holland.



Trouble-Free Performance
Reduces Operating Costs

» » In chemical plants all over the country,
WILFLEY Acid Pumps have established nota-
ble records for cost-saving handling of acids,
hot liquids, corrosives and mild abrasives. This
is the pump that delivers dependable 24-hour
a-day. production in both intermittent and con-
tinuous operations. Individual engineering
assures proper application on every job. 10- to
2,000-G.P.M. capacities; 15- to 150-ft. heads
and higher. It's the pump to buy when you
want low costs. Write or wire for further details

A. R.WILFLEY & SONS, INC. Denver, Colorado, U.S.A.

NEW YORK OFFICE: 1775 BROADWAY, NEW YORK CITY, N Y.
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catalyst
carrier
desiccant
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The activated bauxite products of the Porocel
Corporation, together with Attapulgus Fullers
Earth, offer refiners and chemists a wide range of
adsorbent, catalytic and drying agents. They have
been used with outstanding success in such proc-
esses as catalytic desulfurization, the drying of
gases and isomerization feed stocks, the filtering
and decolorization of lubricating oils and waxes.

adsorbent?

Many research men, working with these specially
prepared, low-price products, are finding them
useful in improving product quality and cutting
costs. It is possible similar tests in your own labo-
ratory will point the way to savings and more
efficient methods. We shall be glad to send a gen-
erous free sample for testing. There is no obligation.
Worite for yours today.

POROCEL

A rugged, activated bauxite. Used
widely as an adsorbent, catalyst
and catalyst carrier. Efficient as
a vapor phase desulfurization cat-
alyst. As a carrier, it supports
large quantities of many inorganic
salts and other compounds. Fa-
vored as percolating medium for
lubricating oils and waxes. Sup-
plied in various standard meshes,
moisture contents and in special
low-iron, low-silica grades.

DRIOCEL

Specially selected and activated
bauxite with high moisture ad-
sorption specifications. Applicable
to most gas and liquid hydrocar-
bon and other chemical drying
processes. Used successfully in
drying natural gases, pure hydro-
carbon gases, hydrogen, flue gases,
feed stocks to isomerization, syn-
thetic rubber, alkylation units and
other processes. Supplied in a
variety of standard meshes.

ATTAPULGUS

FULLERS EARTH

Naturally active and extrusion
improved qualities. Standard for
many refining and processing op-
erations, including lubricating oil,
wax and petrolatum decoloriza-
tion, Gray Process treating of
cracked naphthas, vapor phase
desulfurization of natural and
straight run gasolines and gen-
eral oil purification work. Sup-
plied in a variety of mesh and
water content specifications.

CLAY COMPANY

260 SOUTH BROAD STREET .
SALES AGENT:

EXCLUSIVE

PHILADELPHIA 1, PENNSYLVANIA

POROCEL CORPORATION
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More tons of "know-

ASA Standards cover welding flanges only in sizes through
24') hut when a flange becomes part of a pressure vessel, big
ones like this are often required, And™ when you see one of
these big ones you can be pretty sure it was made by Taylor
Forge because we have been the leading suppliers of such
flanges Jor the manufacturers of pressure vessels for more
than 25 years.

Of course the problems attending the design and fabrication
of boilers and other pressure vessels merge with and overlap
those in the piping field. So the knowledge gained in working
with boiler manufacturers has made a vital contribution to our
knowledge of what constitutes good piping design.

E knowledge of piping design and related forging technique accumu-

I lated through years of solving all kinds of unusual problems has been
drawn upon fully in the design and manufacture of our standard line ot
WeldELLS and other Taylor Forge fittings for pipe welding. It has resulted

in fittings of advanced engineering design with features which add ~ their
strength, service life and convenience—others that speed up t e jo a
lower the cost of pipe installation.

Check the features of WeldELLS listed opposite. Here are features that
are not combined in any other welding fittings. Surelyyou a n t m
of these features in your welding fittings. You get them on y in
and other Taylor Forge fittings, for in the opinion of those best qualified to
know, WeldELLS alone "have everything”!

|fe |d E |_ H everything

TAYLOR FORGE & PIPE WORKS, s cicratofricesa w oru s: Chicago,P.0.Box485

New York Office: 50 Church Street Philadelphia Office: Broad Street Stauon Bid«.

WeldELLS done com*
bine these features:

# Seamless — greater strength
and uniformity.

ft Tangents — keep weld away
from zone of highest stress—sim-
plify lining up.

« Precision quarter-marked ends
—simplify layout and help insure
accuracy.

4 Selective reinforcement—pro-
vides uniform strength.

» Permanent and complete lden-
tification marking—saves time and
eliminates errors in shop and field.

o» Wall thickness never less than
specification minimum — assures
full strength and long life.

« Machine tool beveled ends —
provides best welding surface and
accurate bevel and land.

t» The most complete line of
Welding Fittings and Forged
Steel Flanges In the World—in-

sures complete service and undi-
VIA*»A r«nnn<ihilifv
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How to keep pH continuously OK

When you know pH is always right, regardless of
variables affecting process liquid, you save your-

FAEERS self worry and can safely eliminate constant or
v AlfesUPPIf periodic attention.
& R In the Bristol method of controlling pH auto-

matically, the liquid is examined by an electrode
of either enclosed-flow type (for liquids under
pressure) or immersion type (for liquids in tanks
or. vats). A temperature bulb mounted in the
electrode assembly compensates for variations
due to temperature changes of the solution.

VAVE »

The pH value is reported to the pH controller —
iy a Bristol Pyromaster which operates a Bristol
AN Synchro-valve — to vary input of the solution for

adjusting pH value. Meanwhile, the value is
recorded continuously on the round chart.

Bulletin pH 1302 gives further information on
the complete system. Address The Bristol Com-
pany, 110 Bristol Road, Waterbury 91, Conn.

"ta N*

BRISTOL

/fteers process cor,fro/for je/ferprot/i/cfs W  profits

”rl AUTOMATIC CONTROLLING AND Air-operated Continuous pH Controller

£: H a - RECORDING INSTRUMENTS hes exclusive Free-Vane, the most
" accurate of all air-operated designs.

« -
Rugged, vibration-proof construction
- «m precision potentiometer measuring
——————————— /jj SSiSbar system. .. throttling range and auto-
8 9 10 ~ T m a t i c reset adjustment. (Available as
| " | recorder and as an indicator). Center:
. Beckman Amplifier unit; right:

Beckman Electrode Assembly.



little Waldo knows
it’s smart to protect the side that’s
exposed. Some day, when he’s
specifying materials for plant
equipment, one of his "musts”
will be IngAclad Stainless-Clad
Steel. For this famous, time-tested
Borg-Warner product provides full
stainless protection on the side
that’s going to "take it.”

In any application where you need stainless protection only
on the contact side, insist on IngAclad. Its heavy 20% clad-
ding of solid stainless steel is permanently bonded to a
backing of mild steel by an exclusive Ingersoll process. That
makes it easier to fabricate than solid stainless . . . provides
mbetter heat diffusion in vessels where heat is applied . . .
cuts material costs way down.

So look to IngAclad for maximum contact-side stainless
protection at minimum cost. It’s the only Stainless-Clad Steel
proved by 14 years of continuous service. And since Ingersoll
also produces Solid Stainless and Heat-Resisting Steels, you
may be sure the recommendations of Ingersoll engineers
will be completely impartial. Write, wire or telephone—no
obligation.

INGERSOLL STEEL DIVISION
BORG-WARNER CORPORATION

310 South Michigan Avenue < Chicago 4, lllinois
Plants: Chicago, Illinois <+ New Castle, Indiana ¢ Kalamazoo, Michigan

IINVIGACILAD
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POTASSIUM
SILICATE

Sodium Silicate (liquid, powdered)
—33 brands rangefromNa20-1.6Si02 to
Na20*3.9Si02. The most siliceous grade
(ratio 1:3.9) is S Brand, of interest for
the manufacture of cements and in
beater sizing of paper. The purest of
silicates is Star (ratio 1:2.50); widely
used for stabilizing bleaching solutions.
Hydrated siliceous powders also avail-
able—G Brand, ratio 1:3.22, and GC
Brand, ratio 1:2.00.

PHILADELPHIA QUARTZ COMPANY

WORKS: Anderson, Ind. « Baltinori, Hd. * Chester, Pa <

Potassium Silicate—Forliquid soaps or
other special soaps, for non-blooming
films, for welding rods potassium sili-
cates are used. Kasil #1, molecular
ratio 1:3.9, 29.0° Baumé; Kasil #6,
molecular ratio 1:3.29, 40.5° Baumé.

Sodium Metasilicate-Na2Si03»SH2,
Metso Granular (U. S. Pat. 1898707).
Unique detergent characteristics fast
wetting, neutralizing, emulsifying,

Vol. 38, No. 4

SODIUM
SESQUISIUCATE

Here are properties that serve efficiently
and economically in cleaners, adhesives,
binders, coagulating agents, defloccu-
lants, paint vehicles, sizes, coatings,
gels, colloids, sols. Whatever your prob-
lem in any of these industrial processes,
consult us. Our silicate knowledge has
been accumulating for almost a century-

deflocculating, prevention of dirt re-
deposition. Popular asan alkalinecleaner
in laundering and industrial processes.

Sodium Sesquisilicate —NajH'SiOr
5H20, Metso 99 (U. S. Pats. 1948730,
2145749). Metso 99 not only supplies
vigorous alkaline power, but its soluble
silica also contributes special properties.
Used for industrial cleaning such as
textiles and metals. .

Dept. C, 119 South Third Street, Phila. 6, Pa.

Chicago Sales Office

Gardenville. N T. o Jeffersonville, Ind. ¢ Kansas City, Kans. ¢ Rahway, N. I. ¢ St Louis, Mo o Oft* *
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CONDENSER TUBES OF ALCOA ALUMINUM
LOW IN FIRST COST— HIGHLY CORROSION-RESISTANT

ALCOA now offers you Alclad Aluminum

tubing for condenser tubes.

With aluminum’s naturally excellent heat
conductivity, you are assured of high operat-
ing efficiency.

In many processes, Aluminum condenser
tubes are preferable because aluminum does
not discolor the product, alter its taste or
otherwise cause contamination.

Now in Alcoa Alclad Aluminum you have

two aluminum alloys combined in a single

ALCOA

tube, providing cathodic protection which
lengthens its life.

, Condenser tubes of Alcoa Aluminum usually
cost no more, often less, than other tubes.
Why not try them in one installation to
prove their added worth? Call on our sales
office or write

Aluminum Company of

America, 2154 Gulf Bldg., Pittsburgh 19, Pa.

ALCOA

MINU

ALUMINUM

35
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ROLLING-IN

FLOW CONDITIONS

' HEAT TRANSFER

with Carpenter "Heat Exchanger
Qualify” Stainless Tubin

UNIFORM WALLS throughout every length of
this Stainless Tubing assure that the
finished job is "seated” perfectly for
pressure or vacuum applications.

UNIFORM HEATING is another advantage pro-
vided by uniform tube walls. There are
no heavy sections” of the tube wall

LESS MAINTENANCE and less down time” for
eqgiiipment are other advantages of
this Stainless Tubing. There’s the full

IMPROVED FLOW CONDITIONS are provided
by the smooth I. D. and O. D. surfaces

AND YOU SAVE 30 to 40% on cost of material
alone when you use Carpenter "Heat
Exchanger Quality” Stainless Tubing.

ASK FOR THIS NEW SLIDE CHART

OF TECHNICAL DATA

In convenient form, this slide chart gives you
useful information on:

Mass Velocity Constants (vm)

Velocity Constants (V1)

Cross Sectional Areas of Tubes

Sg. Ft. Internal_and External Surface per
Lineal Ft. of Tube

Physical Properties of Stainless Tubing

A note on your company letterhead will

ur Stainless Tubing Slide Chart on its
rite for your

the
W elded Alloy Tube Division ¢

Vol. 38, No,"4

Reduces chance of uneven work
hardening of tube sections when roll-
ing-in. Expansion is the same at all
points of the tube’s circumference.

to slow down processing, and the
tubes are free from thin spots that
might cause premature failure.

corrosion and heat resistance of Stain-
less Steel, throughout every length of
Carpenter Stainless Tubing.

which provide protection against
sludge and scale deposit.

fabricating
equipment

Your savings increase as
troubles disappear and
stays on the job longer.

steel company

Kenilworth, New Jersey

carpenter



Maximum Facilities

MANHATTAN’S
BBER LINING

DEPARTMENTS

»H OF VULCANIZERS

W.of Manhattan’s extensive battery of rubber lining
saers, this giant, 15 ft. in diameter, will handle any
-~equipment that can be shipped by rail, making pos-
kicomplete service in this field and enabling Manhattan
& care of the increasing needs of industry for large
Safot. Vulcanizer is shown loaded with 2 huge rubber-
~snks and 3 big rubber-covered castings.

Rattan Lined the WORLD’'S LARGEST
i-LINED NICKEL PLATING TANK

M?railroad flat cars to ship. Big in every dimension
jith. breadth and width—it was easily accommodated
rattan’s spacious facilities.

Rattan's Record

-Jgthe 'impossible” has been the record of Manhattan’s rubber lining departments for many years. Countless
Acations for unusual sizes and shapes of process handling and storing equipment have been met by Manhattan
peers backed by a technique that has steadily developed for 40 years.

parable Bond.Developed

1% this period, a special process of rubber lining has been developed that places Manhattan Acid-Proof Rubber
sa% foremost in the field. Adhesion to metal has been attained so that mechanical separation cannot be effected.

in Compounding;
to give and take with the expansion and contraction of metal, Manhattan rubber linings can undergo
temperature changes without cracking or oxidizing. Other qualities inherent in Manhattan lining compounds
resistance to abrasion, to damage by electrolysis, and to corrosion and contamination.

Your Operating Costs

Manhattan’s engineers about rubber lining and rubber covering possibilities in your plant.

R aybestos Manhattan,

H KIBfUK ITHVISiIiON
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In a chemical "world that is forever moving forward—
and highly competitivel—it is natural that manufac-
turers should desire to keep control of the processes
and plant designs their engineers have developed . . .
often at great expense.

Badger offers chemical managements and their en-
gineers the truly constructive outside viewpoint
with the assurance that confidence will not be violated
—that private plans, processes or designs will not be
disclosed or diverted into competitive reach.

Badger’s broad cumulative experience and con-
stantly developing engineering methods can provide

ENGINEERING CHEMISTRY Vol. 38, No. 4

a fresh approach to old as well as to new problems
. and the Badger design and construction organi-
in efficient co-ordination with

zation is experienced

its customers.

Making new processes work efficiently in large-
scale production, improving designs and decreasing

operating costs, saving time and initial plant cosh
.. . these are some of the pay-offs Badger has achieved
for many a client.

More and more important concerns are finding oui
that they have often locked out more than they hove

locked in. Have you?

BOSTON 14 NEW YORK

“B adger & SONS CO. Est. 1841

PROCESS
CHEMICAL,

SAN FRANCISCO « LONDON
ENGINEERS ANO CONSTRUCTORS FOR THt
PETRO-CHEMICAL AND PETROLEUM INDUSTRIES
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SABOTAGE

Pipe and Fittings, flanged or threaded of solid
hard rubber. Also hard or soft rubber lined pipe
and fittings, flanged.

Pumps, single and double acting, centrifugal and
rotary gear, rendered immune to chemical attack
with hard rubber protection.

fa n tE ffic e n c vy !

Losses caused by corrosion can be kept to a
minimum by. the proper application of Ace Hard
Rubber in the handling of corrosive solutions.

With Ace Hard Rubber you can protect valuable™!

solutions from contamination and avoid damage
to the.finished product, besides protecting valu-
able equipment. This is invaluable insurance for
your circulating,storage and processing operations.

We have had almost 75 years of experience in
anti-corrosion service . ..experience that is ready
to go to work for you. Our research and labora-
tory staffs will be glad to consult with you, natual-
ly with no obligation.

American Hard Rubber Company

General Sales Office: 11 Mercer St.,, New York 13, N. Y.

Branch Sales Offices:
111 W. Washington St., Chicago 2, IlI.
Akron 4, Ohio

SEND FOR YOUR FREE COPY OF
THIS 64 PAGE

C kCH | CATALOG

Containing information
about Ace Rubber Pro-
tection. An invaluable
handbook for the plant
executive.
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These rooj ventilators are but one of many
applicationsfor ENDURO Stainless Steel
in the textile and chemicalprocessing in-
dustries. Others include dyeing machines,
vats, tanks, agitators, autoclaves, con-
densers, evaporators, valves and tubing.

Anmong the major reasons why Republic ENDURO
Stainless Steel is a ""natural” material for chemical and
textile processing applications is its inherently high
resistance to rust and corrosion.

Consicer the case of these textile dyeshop roof venti-
laors. When made of ordinary steel, the high cost of
placing corroded ventilators every six months was
dwarfed by the costly annoyance of rusty drippings
which contaminated dyes and damaged materials.
Afterthey were made of long-lasting ENDURO, how-
ler, these ventilators ceased being a source of con-

@fter Republic Products include Carbon and

-' gaflﬁ"c

stant maintenance and replacement expense. Rusty
drippings were ended.

Perhaps you, too, have applications in which this and
other ENDURO advantages effectively can reduce
operating overhead. Talk to your equipment manufac-
turer, or write us for complete information:

REPUBLIC STEEL CORPORATION

Alloy Steel Division * Massillon, Ohio
GENERAL OFFICES! CLEVELAND*!, OHIO
Export Department: Chrysler Building, New York 17, New York
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VETERANS OF
WORLD WAR II:

To help you in pur-
chasing surplus
property from War
Assets Corporation,
a veterans’unit has
been established in
each ofour Regional
Offices*.

GOVERNMENT-OWNED
HYPOCHLORITE BLEACH-—one year old
material; manufactured with 30% avail-
able chlorine: grade 3: available as fol- Sl |RPL| |S N OWI
Jows for 1A cents per pound In carload -

lots; (F.O.B. location).
Birmingham — 305,600 Ibs. In 400 Ib.

O 1n100 Jhe gearioad of grade 2 The chemicals shown here are surplus war material.
S3MLake City- 8785572 Ibs. In 43 and They are available now at quick sale prices to mest
civilian production needs. As with hundreds of other

1008 oSHIORINATER PARATEIN, 0L ) lus chemicals th be obtained

SRRl Simar surplus chemicals they may be obaned ¥

foad, Tots or fotal amount at a single writing, \_Nlrmg,_ or phonmg_ your near_est War Asset_:s

Yeston, Cleveland, Detoit Philadelphia Corporation office*. Make .it your habit to check this
O carosd TN R 0 B St Be! source whenever your stock needs replenishing.
POTASSIUM SULPHATE available tur *In directories s_imp'ly look up Recon_struction Finance Corporation. War
10 cents per pounJ',| F.0.B. location us Assets Corporation is an R.F.C. subsidiary.

follows:
Minneapolis: ?3,075 Ibs. In 400 Ib
app.) wooden barrels.

Chicago: 53,355 Ibs. 111 35 Ib.
liber drums.

CHECK AND MAIL TODAY

To W ar Assets Corporation:
W ithout obligation, please send me further informa- [
tlon on the following products and place my name on |

your regular mailing list:

O Glacial Acetic Acid, C.P. In one O Smokeless Powder

gal. bottles. j-i DX T (Dinitrotoluol)

~ Scmllyr fhumshenfliC' 8% SOIU"  <t.iSikisa Gokigh VaIBmpsMadniizes |

O Sodium Sulphite grams to 10 Ibs. eacli.

O Manganous Chloride O Khaki Dyes (basic colors) |
|
I
|

F AT e e H s |

e 1
nammm nemmm nammm - 1582 J

Assets Corporation

(A SUBSIDIARY OP RECONSTRUCTION FINANCE CORPORATION)

RFC OFFICES (INCLUDING FORMER DEPARTMENT OF COMMERCE REGIONAL SURPLUS PROPERTY OFFICES) LOCATED ATs AH««
m ‘died Wo*PoTro’\u’\cr\\ B=>*ton « Chicago < Denver « Kansas City, Mo. « New York < Philadelphia ¢ San Francisco * Seattle « OTHER RFC R
PROPERTY OFFICES LOCATED AT: Birmingham . Charlotte . Cleveland . Dallas . Detroit . Helena . Houston e Jack,on!"~
% GOON*"NANNUN ce. \ Little Rock « Los Angeles « Louisville « Minneapolis « Nashville « New Orleans « Oklahoma City « Omaha * Portion , *
| otc’m Richmond < St. Louis « Salt Lake City < San Antonio « Spokane « OTHER FORMER DEPARTMENT OF COMMERCE REGO
SURPLUS PROPERTY OFFICES LOCATED ATt Cincinnati and Fort Worth 1B*
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One of many recent DYNALOG installations.

INDUSTRIAL AND ENGINEERING CHEMISTRY

temperature records on chart with full-width range of only 12°

Qily DYNALOG* Instruments Give This Comrbined

speed

Almost instantaneous!
Only 3 seconds for full-
scale travel of pen or
pointer.

Until the development of Foxboro's DYNALOG
Instruments, you could not get industrial bridge-
type instruments with this unique combination of
performance characteristics!

The reason is: DYNALOG Instruments were spe-
cifically designed as electronic instruments . .. not
merely supplemented by electronic improvements,
h them, electronic circuits permit complete re-
placement of usual slide-wire mechanisms with a
simple variable capacitor. Moving contacts are

ACCURACY

Va of 1%
all ranges.

flEN SfTM TY

So High that full calibra-
tion accuracy is main-
tained, even for ex-
tremely narrow scales.

of scale for

Further, wholly-electronic design also replaces
customary rotary drive-motors with a simple push-
pull magnetic motor. Positive dynamic balancing
is supplied, automatically, on bridge-unbalance
voltages of less than 15 microvolts!

These are only high-lights of DYNALOG Record-
ers and Multi-Point Indicators. If your process
demands unusually-exacting thermal measure-
ments, call in a Foxboro Engineer. Or write for
detailed information. The Foxboro Company, 40
Neponset Ave., Foxboro, Mass., U.S.A.

It gives speedy, accurate

C.



Crucial links in ever)' wire and radio
system are paper capacitors —rolls of
impregnated paper and metal foil. At
least one is in every telephone —and
more than 100 million are in the Bell
System. A single failure can sever a
telephone call, put a costly line out of
service. So finding out how to make
capacitors stand up longer is one of the
big jobsofBell Telephone Laboratories.

All-linen paper was once the pre-
eminent material. Then wood pulp
Was tried —and found to last longer

Vol. 38, No. 4

BY THE GRAM

under heat and direct voltage. But
why? Something in the wood was
helping to preserve life. W hat was it?

Ultra-violet light, delicate micro-
chemical analysis and hundreds of
electrical tests gave a clue. Researchers
followed it up—found the answer by
treating the impregnated paper with
anthraquinone—a dye intermediate. A
mere pinch of the stuff prolongs capaci-
tor life by many precious years.

When war came, great quantities of
capacitors were needed for military

equipment, where failures coiild oost
lives, lose battles. The Western Elec-
tric Company, manufacturing for the
Bell System, willingly disclosed the
life-preserving treatment to other
manufacturers. Today in communica-
tion capacitors, the new “life-extension
is helping to give more dependable
telephone service.

Day by day, resources of this greaj
industrial laboratory are being appl>e
to perfect the thousands of components
which make up the Bell System.
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message

THIS TANK
... FOR you

BUCKET

STRAINER

THERMO-DRAIN

Represented in Principal Cities
SAXCO COMPANY, INC., 475 FiFTH AVE.“NEW YORK 17,N.Y.* Sarco Canada, Ltd., 85 Richmond St.,W.,TorontoJ,Ont,
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any manufacturers are finding
M glass tanks ideal for a wide
variety of industrial operations. “Pitts-
burgh” Glass Tanks have been used
successfully for such “run-of-the-mill”
jobs as metal finishing, compounding
chemicals, storing liquids, making cos-
metics, and for such unusual operations
as cleaning heavy engine parts, pickling
steel bars, electrorefining of copper and
to check air pressure in several com-
.ponents for radar.

Glass Tanks are impervious to acids,
alkalis, nearly all liquids, including even
hot chromic acid. They are non-porous,
non-absorptive; therefore, are easy to
clean and don’t contaminate their con-
tents. They are built to withstand the
shock of sharp temperature changes
and they have the rugged strength and
sturdiness which mean long service
under hard usage.

You can get “Pittsburgh” Glass
Tanks in a wide assortment of shapes,
styles and sizes including transparent
tanks and colored, opaque Carrara
Glass Tanks. “Pittsburgh” will be glad
to help you choose the Glass Tanks best
suited to your special working condi-
tions. Write us today about your tank
requirements.

G/assHm k

PITTSBURGH s&ju z o

A manufacturer speeds up production of electronic equipment with the help
Pittsburgh Glass Tanks. The tanks resist the acid and stop electric losses.

Pittsburgh Plate Glass Company
2102-6 Grant Building, Pittsburgh 19, Pa.

Please send me, without obligation, your free
folder giving full details about Glass Tanks by
“Pittsburgh.”

Address.
City State.

Necoedie™ (Yeags
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HERE'S THE nEUIl vhrei [RTHLDG P-7

¥ 0

Z 24 Va#He*—

OF FACT-PACKED DRAWINGS, FLOW -
CHARTS, ILLUSTRATIONS & DATA COVERING:
Ever on the alert to con-

| . h desi f K . V FLAME ARRESTERS
stantly improve the esign of tan equipment, V PRESSURE RELIEF VALVES
“VAREC” takes full advantage at all times of every y CONSERVATION VENT VALVES
proved advance in technological research, manufac- w VAPOR RECOVERY SYSTEMS
turing methods, and material of construction. Here s y/ PRESSURE & VACUUM RELIEF VALVES
the information brought up to date with drawings, y 1 EXPLOSION RELIEF VALVES
illustrations, descriptions, and engineering data on 'y 1 PRESSURE REGULATORS
all “VAREC”’Products so that your specific require- y AUTOMATIC TANK GAUGES

be d ined | w y SWING LINE EQUIPMENT
ment can be determined at a glance. VAREC V TANK WINCHES & SHEAVES
faCt-paCked pP-7 Catalog and Handbook shows Clearly y 1 GAUGE & MANHOLE COVERS
what “VAREC” Equipment to use and how, why, and yj SEDIMENT & DRIP TRAPS
where—also incorporated is a corrosion table covering V. MANOMETERS — DRAIN ELBOWS
approximately 120 chemicals and products and the y WASTE GAS BURNERS
metals most suitable for use under various conditions. OTHER TANK APPURTENANCES

"VAREC” e« COMPTON, CALIFORNIA
"\ / THE VAPOR recovery SystEMS COMPANY Kindly »end «'VAREC” Catalog P-7 to
y COMPTON . CALIFORNIA jg ji
Consultants, Designers, & Manufacturers of Gas Control & Tank Equipment NAME-
FIRM'S NAME-

Branch Office» and Stock* Carried of
MEWYORK CUY e NEW ORLEANS, LA. e« HOUSTON,TEX. e« TULSA, OKLA. ADDRESS-

AGENCIES EVERYWHERE STATE——



De Laval Labyrinth Wearing Rings minimize leakage from discharge back to suction. The

sealing action of these rings is accomplished by the use of large clearance, tortuous labyrinth

passages and does not depend upon close mechanical clearances, such as required for plain

flat rings. Because of the larger clearances and reduced flow, the effectiveness of the De Laval

labyrinth ring is but little diminished by wear, resulting in sustained efficiency for long periods.

When selecting pumps for lowest ultimate cost, look for the De Laval Labyrinth Wearing Ring.

TURBINES - HELICAL GEARS f
WORM GEAR SPEED REDUCERS
CENTRIFUGAL PUMPS

TRIFUGAL BLOWERS and COM-

PRESSORS  IMO OIL PUMPS turbine company

salts ornctS: atlanta « boston « GHR
LOTTE « CHICAGO « ABEAND » EWMR

ROCHESTER » ST. PALL « SATLAECT» « SN

FRANCISCO « SFATTLE m TORCNTO « TUSA

VANCOUMER « WASHINGTON DG « WINNIFEG
And Cffiei in Central and Soulh Ant*0
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Time to Forget,
and Remember!

Now is the time to forget your old
pumps whose efficiency is that of a bygone
era and whose daily services are costing
you money! Remember— pumps are
commonly designed and built to answer
specific conditions of head and capacity:
When these conditions change, the
increase in pumping costs may be
appreciable.

Fairbanks-Morse
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A name worth remembering

DIESEL LOCOMOTIVES DIESEL ENGINES MAGNETOS GENERATORS

SCALES =+ STOKERS =+ RAILROAD MOTOR CARS and STANDPIPES

MOTORS PUMPS

FARM EQUIPMENT
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STEEL TUBES CO.

MiLvculiee 4,

'k Pressure Tubes
Condenser & Heat Exchanger Tubes
"k Seamless Stainless Steel Tubes
Mechanical Tubing
Gloweld Welded Stainless Steel Tubes

k Globeiron High Purity Iron Seamless Tubes
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PROCTOR

DRYER

with Fin Drum Feed—Speeds Output of CALCIUM CARBONATE

1 Calcium carbonate is delivered
= from continuous filter to hopped
of fin drum feed of dryer with mois-
ture content of approximately 110%
(B.D.W.B*).

Partially dried on fin drum feed,

material is pre-formed, into
small sticks of uniform size and thick-
ness and discharged to conveyor
of dryer.

O Loaded to a uniform depth on

moving conveyor, material
passes through 9-unitdryer.Tempera-
tures begin at 270°F. in first com-
partment, increase to 280CF. in
second compartment and to 290°F.
in third compartment.

A Calcium carbonate, uniformly

dried, is discharged-from dryer
with moisture content of 0.25%
(B.D.W.B.), at the rate of 2,750 Ibs.
(C.D.W.t) per hour.

*Bone Dry Weight Basis
tCommercial Dry Weight.

Close-up of "fin drum sticks” shows
form in which material enters dryer
..allowing through-circulation.

ONE OF MANY TYPICAL APPLICATIONS FOR
THIS MODERN CONTINUOUS DRYING SYSTEM

This application is but one of many, where this system is used for the con-
tinuous drying of wet-solids. In each case, the material comes to the feed
hopper after mechanical dewatering. It is then pressed, by means of rollers,
into the grooved surface of the internally heated, revolving fin drum which
forms the feeding device. In this way, the material is dried sufficiently to be
discharged, from the drum, to the conveyor of the dryer in the form of small
sticks— of uniform thickness. It is then possible to circulate heated air
through the bed of material on the conveyor and rapid, uniform, thorough
drying results. This particular pre-forming and drying system may or may
not be suited to the physical characteristics of your product. However, il
demonstrates what we mean when we say Proctor drying systems are sci-
entifically engineered to meet individual plant and product requirements.
This system—in fact every Proctor system in operation—was installed only
after it was conclusively proven in the laboratory that it was the ideal
system for the individual problem. Proctor engineers may well save you
hours of production time and reduce your costs materially—if you let them

consider your drying problem today!

PROCTOR & SCHWARTZ <« INC -

SEVENTH STREET and TABOR ROAD e« PHILADELPHIA 20 <« PA

S3
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HOW TO KEEP YOUR METERS HONEST

Measuring pulsative flow with orifice meters is like trying to weigh a ball by bounc-
ing it on the scales. Downward-upward thrusts give inaccurate readings... they
happen so fast the measuring instrument can’t keep up with them. To keep your
orifice meters honest, pulsative flow must be converted into a steady stream. The
FLUOR Pulsation Dampener is the practical answer to this problem.

For example —a large Eastern Gas Company pumps gas into underground storage
during the summer and withdraws it during the winter when consumer load is
heaviest. As storage reservoir pressure drops, it becomes necessary to compress the
gas to maintain pressure in the mains. Pulsations set up in the gas stream by the
compressors threw the meters off by such substantial amounts that the Company was
unable to determine how>much gas was being pulled out of the reservoir. FLUOR
Pulsation Dampeners installed in the suction lines between the meters and com-
pressors eliminated this condition and made accurate measurement possible.

The FLUOR Pulsation Dampener changes pulsative flow into'smooth, steady flow... with
beneficial effect on frictional losses, horsepower savings and rate of flow. If vibration plays
tricks in your plant, it may be due to pulsations in air, gas or vapor lines. In that case, the FLUOR
Pulsation Dampener is your answer.

FLUOIR PULSATION DAMPENER

THE FLUOR CORPORATION, LTD. 2500 South Atlantic Boulevard, Los Angeles 2
NEW YORK + PITTSBURGH + KANSAS CITY +« HOUSTON =« TULSA - BOSTON

MANUFACTURERS +« CONSTRUCTORS



TO HELP YOU OVERCOME
TOUR INSULATION PROBLEMS
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ALCO’s Better Answer to an

LCO values highly the confidence
A placed inits services by the chem-
ical and process industries, alco prod-
ucts are all directly related to the needs
of this important industrial group.
alco engineers are largely engrossed

in serving—and anticipating—such

needs.

An example is the vital necessity to
many of these industries of an adequate
supply of highly pure water—for boiler
make-up, as a detergent, solvent, dilu-
ent, flotation medium, reagent, or raw
material. Improved alco Evaporators,

designed to produce pure water vapor

ALCO PRODUCTS FOR THE
CHEMICAL AND PROCESS PLANTS

Evaporators « Shell and Tube Heat Exchangers
Air-Cooled Heat Exchangers « Pressure Vessels *
Columns « Prefabricated Piping * Condensers
Calandrias * Digesters.* Converters * Reactors «
Kilns « Fuel Oil Heaters * Scrubbers « Diesel

Engines.

at higher efficiencies, with better means
of scale removal and disposal, are
alco’s answer to this urgent require-

ment.

Interesting details, describing and
illustrating this important- new ALCO
chemical and process plant equipment,
are in a new ALCO bulletin, “mM aking
Pure Water Plentifult A copy will be
sent you promptly oh request. Write

for it now.

NEW ALCO DEVELOPMENT
SOLVES PURE WATER
PROBLEM. WRITE FOR
DESCRIPTIVE BULLETIN

BEAUMONT IRON
WORKS COMPANY

Manufacturers of Dreadnought Rotary Drilling
and Production Equipment, including: Draw
Works, Crown Blocks, Traveling Blocks, Coring
Reels, Tubing Heads, Well Heads, and Electric

Steel and Alloy Castings.






. . . SO you benefit

Uniformity is one of many advantages of Hackney Cylinders is due in no small
Hackney Cylinders offer users. Every cyl- part to the vast experience of Pressed Steel
inder is uniform in thickness and temper, Tank Company in working with many
due to the Hackney cold-drawing process. types of metals and in the extensive study *
Every one is not only ample in strength of gases—for more than forty years,
but light in weight as”well . . . assuring In choosing Hackney Cylinders you are
long life and lower transportation costs. benefiting by advanced heat - treating
The uniformity of Hackney Cylinders is methods, thorough testing, careful selec-
found not only in physical characteristics, tion of raw materials and complete under-
mbut in performance records, revealing standing of every requirement. Write
their durability and economy. The success today for full details—no obligation.

Pressed Steel Tank Company

Manufacturers of Hackney Products

1451 South 66th Street, Milwaukee 14
1313 Vanderbiit Concourse.Bldg., New York 17 558 Roosevelt Bldg., Los Angeles 14
208 S. La Salle St., Room 2075, Chicago 4

CONTAINERS FOR GASES, LIQUIDS AND SOLIDS
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What temperature detection time best fits your product? The fast
response of the Fenwal Thermoswitch allows you to engineer
into your product the optimum speed of detection—from A to
Z. Compare the response time of the Thermoswitch with other
thermostats.

Chart shows the time interval required for a Fenwal Thermo-
switch to change 10°F. when subjected to a 20° change in
temperature. Compare this performance with that of Type 1 and
Type 2 thermostats. Proper application can mod-
ify this response time to any value desired, from

A to Z

TYE2

Study the advantages of Fenwal Thermoswitches
before making any commitment, for the
. Thermoswitch has many advantages which are
IYPt not found in other types of temperature control
t | units . . . the unique principle of operation of
. Fenwal Thermoswitches permits extreme accuracy
Ha ! combined with rugged yet compact construction.

—— e g ———
TITTEEEN

Send for your copy of the Thermotechnics
booklet which includes "Fourteen Facts in
Fenwal’s Favor.”

CROSS SECTION
CARTRIDGE
THERMOSWITCH

& | of the "Fourteen Facts in Fenwal's Favor".

FENWAL INCORPORATED

ASHLAND MASSACHUSETTS

mm k. THERMOTECHNICS FOR COMPLETE TEMPERATURE REGULATION
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d of/Power Piping
Uniform Stands Guard

Can you say that for your power plant? . . .
process piping? ... or heating system? If the
answer is no, take special note of the three-way
advantage you get in choosing piping materials
from the world’s greatest line—Crane. S

ONE STANDARD OF QUAIJLITY
ONE RESPONSIBILITY
ONE SOURCE OF SUPPLY

For any piping system —for any working con-
ditions—a single order to your Crane Branch
or Wholesaler covers everything required for
the installation. Not only the valves and fit-
tings in brass, iron, or steel, but all the pipe,
piping accessories, and fabricated piping.

Undivided responsibility for all materials
simplifies buying and guards against installa-
tion troubles. Crane quality—backed by 90
years of manufacturing ""know-how”—Kkeeps
piping systems on the job longer, at lower cost.

CRANE CO., General Offices: 836 South Michi-
gan Ave., Chicago 5, 111 Branches and Whole-
salers Serving All Industrial Areas.

(Right) Typical of the uniformly high quality in Crane products—Crane"
Alloy Steel Wedge Gate Valves. The 600-pound class, with Exelloy to No.
49 Nickel Alloy seating, is recommended for steam, water, gas or air up
to 850° F. maximum; with Stellite to Stellite, for steam up to 1000° F.; with
Exelloy to Exelloy, for oil or oil vapor up to 1100° F. Screwed, flanged
or welding ends. See your Crane Catalog for complete specifications.

EVERYTHING FROM

VALVES « FITTINGS
PIPE « PLUMBING

HEATING « PUMPS
FOR EVERY PIP/NG SYSTEM
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FLEXIBLE . . . High-temperature vapor
heating proceeds independently of low-
temperature liquid-phase heating in this
processing system. Pressure in the vessels
heated at 600° F is only 28 Ib. gage, much
less in the low-temperature system. Both
systems are heated by a single vaporizer.

Dowtherm is the heating agent. The vapor-
izer is the compact “D” type tubular unit

ayHjwpMggg}

arranged for either oil or gas firing. The
entire system is designed, constructed and
installed by Foster Wheeler.

Bulletin 1D-46-3 describes Dowtherm
process heating for a variety of services.
Request a copy from any Foster Wheeler
branch office, or address—

FOSTER WHEELER CORPORATION
165 Broadway <« New York 6, N.Y.



PHENOL Tremendous capacity for the production of
phenol and a long list of interrelated products,
has established Monsanto as a major supply source for this basic and
versatile chemical. Questions relating to any phase of your requirements
are welcomed by Monsanto. Contact the nearest Monsanto Office, or
write to Monsanto Chemical Company, Organic Chemicals Division,
1700 South Second Street, St. Louis 4, Mo. District Offices: New York,
Chicago, Boston, Detroit, Cincinnati, Charlotte, Birmingham, Los Angeles, San
Francisco, Seattle, Montreal, Toronto.

M onsanto

Chemicals

SERVING INDUSTRY..WHICH JIRYIS WIR*z™*
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Level Heads. Out of the enormous construction program of
the recent war will come newland perfected techniques for every
chemical process plant. One of the fields that benefited greatly
from these activities is that of automatic control, and from
Ziegler, of Taylor Instrument Companies, we have snared an
easily understood article on the control of liquid level. Ziegler
iswell known to instrument engineers, and the users of these
helpful but complicated mechanisms have often turned to his
previous articles for.help on the tougher problems of instrument
installation. In this articlo he tangles with the mysteries of
averaging liquid level control. Ziegler explains, with equations
keyed to the sensitivity of the controller, how to maintain satis-
factory levels in columns and tanks. Xumerieal examples are
included.

Chromate Cures Chloride Corrosion. Recirculation of water in
cooling systems has its own' little problem of corrosion, especially
where make-up water is heavy .with chloride salts. Darrin,
of the Mutual Chemical Company of America, long associated
with the use of chromate salts as corrosion inhibitors, now sup-
plies more data on the use of these chemicals in recirculation
systems. However, ho examines only the protection of ferrous
systems with chromate for a series of four waters—ranging in
logarithmic concentration from 10 to 1000 parts of sodium
chloride per million. His conclusions are that chromate should
be used in large concentrations when first dissolved in the ex-
change water, but later when the protective film is formed, use
of the salt may be decreased. There are other conditions and
conclusions, and the article is well worth serious consideration
ny those annoyed with such corrosion problems.

Scaled Down. Removing scale deposited on the tubes of a
50,000-gallon brine evaporator is a delicate task if power tools
are used and the tubes are made of soft copper, chances being
that the tool will puncture the tube wall. Wasco and Alquist,
of The Dow Chemical Company, tell how sodium hydroxide, in
certain concentrations and for certain periods, was used for de-
scaling without so much as a nicked tube resulting. In the case
under consideration by the authors, two individual treatments
"ith 45% caustic removed 95,000 pounds of calcium sulfate in-
crustation and improved the performance of the evaporator from
a steam condensation rate of 55,000 to 85,000 pounds per hour.
Hie two authors found that the best concentrations of sodium
hydroxide were in the range 30 to 50%, and the best working
temperatures were above 175° F. Nine .heat exchange units
"ere treated by this method, and in all at least 85% of the de-
posit was removed. In several eases the authors state that all
'he scale disappeared.

Cotton Wax. In case anyone needs a new wax of medium-high
melting point, it will be wise for him to investigate this articlo by
A mH. Tonn, Jr. The fibers of cotton are coated with a thin
layer of waxy material, and Tonn, through, the use of huge
quantities of cotton and a hot benzene extraction, managed to
gather about 25 pounds of the material for study. It had a dis-
agreeable odor and a dark color, but Tonn was able to overcome
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both of these commercial shortcomings through the use of de-
colorizing and bleaching agents. The study is in two parts, the
second reporting on the author’s search for other solvents for the
wax. He was able to generalize liis findings, and states that the
wax is more soluble in aromatic and chlorinated solvents than in
aliphatic materials containing oxygen in the molecule. It may be
that the process at some time will becomc commercially important,
and for that day stand these fundamental data.

Arithmetical Correlation. Means and methods of predicting
data by mathematical operations have continued to intrigue en-
gineers since it always means the elimination of tedious, time-
consuming laboratory work in securing physical constants.
Seglin in an article, Correlating Vapor Pressure and Latent Heat
Data, has worked out a method for predicting saturation tem-
peratures, latent heats of vaporization, and vapor pressures,
based on a comparison of a known with an unknown. Accord-
ing to the author, the system devised has its genesis in an already
well documented procedure. The particular advantage in this
new scheme is its demand for only simple arithmetical knowledge.

The Not-So-Lonesome Pine. By analyzing the turpentine of
the Coulter pirie of California, N. T. Mirov, of the California
Forest and Range Experiment Station, shows that turpentine is
not necessarily all terpenes. Paraffins are present and, accord-
ing to the author, this may some day lead to a change in tur-
pentine specifications. The reasoning behind the statement is
based on the inevitability of tapping other species of pine which
give mixed-type turpentines. More analytical investigations
arc contemplated, and the data obtained will add still more to
our knowledge of oleoresins.

We present a second study on pine trees this month—the
ponderosa. The distribution and nature of acetone-soluble ex-
tractives are described by Arthur Anderson, of the Western Pine
Association, and the paper is part of an extensive study being
made of western pines. (This family is becoming quite accus-
tomed to scientists poking around its interior, for one of I. &
E. C.’s famous editors, Charles Herty, first became noted for his
work on the proper method of tapping pine trees for turpentine.)

Salting-in Effect. Ralph Il. McKee, of Columbia University,
is the author of an industrial article this month on Hydrotropic
Solutions in Industry. Hydrotropic solutions, usually of a salt,
dissolve more of a slightly soluble material than a similar amount
of pure water. In simpler language, it is the opposite of “salt-
ing out”. McKee sees a great future for the use of the principle,
and states that chemical operations may now' have the advan-
tage of solvent extraction without the disadvantage of volatile
solvents. There is more detail about the future applications
in the pulp, dyestuff, and organic chemical industries.

T'C J* Ja*™*, i



Vol. 38, No. 4

We have warehouses in:

IX/T- P-f our customers avoid the problems of long-distance
| €A shipping by regularly ordering their drum lot chemicals
from one of our nearby warehouses.

Warehouses located in principal industrial centers carry stocks
oi out chemicals that are most in demand in the surrounding
area—and can get them to you quickly.

Carbide and Carbon Chemicals Corporation is a producer and
supplier of more than 200 synthetic organic chemicals. This ware-
house service is one part of its many activities to aid its customers.

Carbide and Carbon Chemicals Corporation
Unit of Union Carbide and Carbon Corporation

EH3
30 East 42nd Street, New York 17, N. Y.

CALIFORNIA
LOS ANGELES
OAKLAND

SO. SAN FRANCISCO

CONNECTICUT
HARTFORD

GEORGIA
ATLANTA

ILLINOIS
CHICAGO

INDIANA
INDIANAPOLIS

KENTUCKY
LOUISVILLE

MARYLAND
BALTIMORE

MASSACHUSETTS
BRIGHTON
INDIAN ORCHARD

MICHIGAN
DETROIT
GRAND RAPIDS

MISSOURI
NO. KANSAS CITY
ST. LOUIS

NEW JERSEY
ELIZABETH
JERSEY CITY
NEWARK

NEW YORK
BROOKLYN
BUFFALO

LONG ISLAND CITY
SYRACUSE

TROY

NORTH CAROLINA
CHARLOTTE

OHIO
CINCINNATI
CLEVELAND
DAYTON

OREGON
PORTLAND

PENNSYLVANIA
PHILADELPHIA
PITTSBURGH

RHODE ISLAND
PROVIDENCE

TEXAS
DALLAS
HOUSTON

WASHINGTON
SEATTLE



(TRIAL ana ENGINEERING CHEMISTRY

PUBLISHED BY THE AMERICAN CHEMICAL SOCIETY

iWALTER J. MURPHY, EDITOR

The Priestley Medal

STHE time approaches for the Atlantic City meeting of
AI the American Chemical Society, and the presentation
ofthe Society’s highest honor, the Priestley Medal, to the re-
nowned British organic chemist, Sir lan Morris Heilbro.n, we
are eager to supplement our knowledge of the man for whom
Americas most outstanding medal in the broad field of chem-
istry is named. The American Chemical Society iS UN-
doubtedly indebted to the late Francis C. Phillips, of the Uni-
versity. of. Pittsburgh, for first calling the attention of the
Pittsburgh Section of the American Chemical Society and
later of the national Society, to the serious lack of effort on
the part of American chemists to perpetuate the memory of
Priestley as a great investigator in the field of chemistry. As
aresult of his interest and enthusiasm, the Council in April,
1916, appointed a committee to consider a Priestley Memorial
and designated Professor Phillips as its chairman. Activities
toward raising funds for such a memorial were suspended
during World War | and it was not until April, 1922, that the
committee presented its final report, and recommended that
amedal, to be known as the Priestley Medal, be awarded.

By a bit of coincidence, we have just received from J. V. N.
Dorr a copy of Sir Harold Hartley’s instructive and enter-
taining lecture on Priestley, delivered at the Royal Society’s
rooms March 15, 1933, on the occasion of the bicentenary of
the birth of the man whose theological opinions were described
rather disparagingly by Samuel Johnson “as tending to un-
settle everything and yet settle nothing”.

Sir Harold speaks of Priestley, the minister and school-
master, as “the great pioneer in pneumatic chemistry, whose
discoveries played so important a part in the revolution of
chemical thought at the end of the 18th century”. The ex-
pression “pneumatic chemistry” (meaning the chemistry of
gases) rarely, if ever, is used in this country, but we must ad-
mit it is a satisfactory generic term.

Priestley’s first scientific contribution of any importance was
the publication in 1767 of a “History of Electricity”. Most of
the material was obtained from books belonging to Benjamin
Franklin, then in London trying to secure the repeal of the
Stamp Act, but in all fairness it should be recorded that Priest-
leyindependently contributed a number of remarkable experi-
ments. Later in the same year he moved to Leeds and lived
(as he described it) “in a house that was contiguous to a large
common brewery”. Here he became interested in “fixed air”
(carbon dioxide). The first practical result of his.early chemi-
cal investigations was the invention of soda water.

Astudy of the phenomena of combustion and respiration in
confined volumes of air and observation of the contraction in
volume and the vitiation of the air led him to conclude that
Mature must have some means for maintaining the purity of
the atmosphere. Unfortunately, he could never quite free his
mind of the phlogiston theory, and so he let the discovery of
oxygen slip through his fingers, not once but several times.
Priestley became convinced ultimately that he had obtained a
new species of air which he called “dephlogisticated air”, be-
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cause it could, as he claimed, take up more phlogiston than
ordinary air, but it was left for Lavoisier to sense that the gas
discovered by Priestley was the final clue he needed to explain
the theory of combustion.

In 1791 Priestley’s chapel was wrecked, his home burned,
and his papers and instruments destroyed by a Birmingham
mob who feared and hated him for his espousal of liberal ideas
and particularly for a pamphlet supporting the principles of
the French Revolution. Three years later he came to America
and ultimately settled in the-little town of Northumberland
on the banks of the Susquehanna River in Pennsylvania.
Here he remained until his death in 1804.

Unfortunately, Sir Harold’s otherwise excellent review does
not dwell at any length on Priestley's life and work in America
nor on the reason why the name “Priestley” was selected to
be associated with the highest award of the American Chemi-
cal Society.

Bernard Jaffe’s fascinating book “Crucibles” tells of Priest-
ley’s discovery of carbon monoxide in 1799, and, as many
ACS members know, the first suggestion for a national society
was made on July 31, 1874, when the chemists of America
assembled in Northumberland to celebrate the one hundredth
anniversary of the discovery of oxygen by Joseph Priestley.
The idea met with favor, and in 1876 at the Centennial
in Philadelpliia the' American Society Was
founded.

The Priestley Medal of the American Chemical Society
has always had special international significance. As C. A.
Browne pointed out in 1921, in presenting the Priestley por-
trait at the public meeting of the American Chemical Soci-
ety in New York, “The hold of Priestley upon the thoughts of
English-speaking people is tremendous and it is destined to en-
dure as long as the English language is spoken. He is one of
those common possessions, which, belonging to England and
America alike, work for unity of thought and feeling.” The
international aspects of this medal have never been more
significantthan at this moment whenit is being bestowed upon
one of Great Britain’s foremost chemists.

Science advances only when it is free—free from the stifling
influences of political and geographical considerations, free
from all artificial barriers. Scientists must strive for a world
in which knowledge belongs to all peoples—is ™t withheld by
or from any nation or group of nations. When such a philoso-
phy prevails throughout the world, and only then, can we
say that we are of “One World”.

Momentous decisions in world affairs are about to be
reached. W.ill nations, will world leaders and statesmen, con-
tinue to followthe pattern of the past with narrow nationalistic
fears and desires, inevitably leading to another world holo-
caust, or will good sense, good will, mutual trust, and com-
plete understanding at the international level prevail? If the
scientists could speak for their respective countries we know
what the answer would be. The 1946 Priestley Medal .award
is a manifestation of the scientists’ viewpoint.

Chemical



AVERAGING LIQUID
LEVEL CONTROL

J. G. ZIEGLER

TAYLOR INSTRUMENT COMPANIES
ROCHESTER, N. Y.

A logical method is presented for determin-
ing such factors as the required feed tank
capacity, the type of instrumentation
required, and the probable instrument set-
tings for specific, continuous process in-
stallations of averaging liquid level controls.
The photograph onthis page shows a liquid
level controller (right) installed at the basé
of a large fractionating column.

— >

INFLOW
OUTFLOW
LEVEL
Figure 1. Effect of Flow
on Liquid Level in a

Fractionating Column

is usually one of maintaining a variable as close as possible to
some optimum value. The process factors which cause de-
viations from the desired set point of the controller are the un-
avoidable variations in process demand called “load changes”.
When those changes occur, the controller corrects at the expense
of a deviation for a certain length of time, and the best settings
of the controller responses are those which hold the deviations
and their duration to a minimum. But there are examples of
automatic control in which deviation of the measured variable
isnot so detrimental to successful process operation as the abrupt
disturbances in flow which a controller can make in correcting
for load changes. The most common case of this kind is probably
that of surge vessel control.
In the base of a fractionating column it is customary to install
a liquid level controller which operates a valve in the line carry-
ing bottom product away from the column. The actual liquid
level carried in the column base is not important so long as it
does not fall below the top of the heating surface or does not rise
high enough to flood the bottom plate; therefore the controller
set point is normally positioned for a level somewhere between
these two limits. Level control itself is generally very easy.
In the example cited, the controller could be set so that very
small'changes in level would make large output changes. When
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S0 adjusted, the course of level and How transients following
a sudden increase in column downflow would be about as shown
in Figure 1. Level would be held essentially constant, and the
outflow transient would almost duplicate the inflow transient.
The sudden change in bottom-produet outflow would matter
little if the material were flowing to a storage tank; but ifit were
fed to another column in which control was important, the suddeD
change in feed flow might make operation of the second column
difficult or impossible. In that case it would be much better to
change the outflow slowly, to allow the level in the base of the
first column to vary within the tolerable limits. This is'called
"averaging control”.

Controllers of two types are used for averaging controi— the
simple proportional response type and the proportional plus re-
set type. The results obtainable with each and the optimum
response settings are discussed in this paper. To state the prob-
lem, let us assume that the tolerable change of volume in a
surge tank is C gallons; an inflow varying from 0 to <3gallons
per minute enters the tank, and a level controller operates a
valve in the outflow line as shown in (Figure~2). optimum
controller settings will be taken as those which, following the
largest normal sudden change of inflow, AF, cause an outflow
transient with the lowest possible maximum rate of change of
outflow (dF)maxe'
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PROPORTIONAL RESPONSE CONTROLLER

Toensure that the level does not exceed minimum or maximum
limits, a proportional response controller would be adjusted so
that a level change equivalent to C would move the valve enough
tochange the outflow from 0 to Q gallons per minute (Figure 3).
Thesensitivity would then be:

S = Q/(m) (V)(C) @

where S = controller sensitivity, Ib./sq. in. output change per in.
of pen travel
Q = maximum inflow and outflow, gal./min.

.m —measuring sensitivity, in. of pen movement per gal.
iu tank

v = valve sensitivity, gal./min. change in outflow per Ib./
sg.-in. change in controller output

C = tank capacity between limits, gal.

For example, if a change in controller output of 8 Ib./sqg. in.
opened a diaphragm valve from the closed position to the one at
which Qgallons per minute passed, and the tolerable level change
were equivalent to 4 inches of pen travel, the sensitivity would
besetat 2 Ib./sq. in. perin. It should be noted that the optimum
sensitivity is not necessarily equivalent to 100% “throttling
range”, since a control valve will generally pass more than the
maximum required flow at full opening.

With a proportional response controller set in the optimum
sensitivity, the greatest rate of change of outflow will occur im-
mediately after the largest sudden change in inflow, AF, and will
ke equal to:

(dF)mx = A gal./tfain./min. 2
The outflow will change exponentially until it equals the inflow,
as Figure 4 shows. The time constant of the level and outflow
curvesisequal to C/Q minutes.

PROPORTIONAL PLUS RESET CONTROLLER

When the. sudden changes in inflow, AF, are small compared
to the maximum throughput, Q, considerable reduction in
(dP)max can be effected by the use of a proportional plus reset con-
troller. The action of this instrument is such that under steady-
flow conditions the level is maintained midway between the
limits. Following a sudden sustained change in inflow, the tank
level changes but is gradually set back to mid-tank, ready for the
nextinflow change in either direction.

In order to arrive at realistic optimum settings on this type of
averaging controller, it is necessary to assign for the largest nor-
mal sudden inflow change, AF, the value which can occur every
hour or so, not that which happens once a week or month. For
example, in starting a piece of equipment, the flow might sud-
denly he changed from 0 to 200 gallons per minute; but once in
continuous operation, no sudden changes in flow greater than 30
gallons per minute would ever occur even though the throughput
during a week or month run might vary gradually over a very

[E—— OUTLET

Figure 2. Simple Control System for Liquid Level
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wide range. The largest normal sudden change in inflow, AFt
iu this case would be 30 gallons per minute.

The optimum settings for the proportional plus reset con-
troller are taken as those which produce the lowest maximum
rate of outflow change following the largest normal sudden inflow
change. In order to make the fullest use of the available tank
volume, the controller should allow the level to rise just to the
tank limit following this largest normal inflow change, AF.

Inflow changes larger than AF could cause the tank level to
exceed its limits, were it not for limit stops built into the con-
troller which automatically bring the outflow equal to inflow
when either limit is reached. This modification of a standard
proportional plus reset controller has been called an *“averaging
liquid level controller”.

An Averaging Controller

The theoretical minimum rate of change of outflow following
the largest inflow change, AF, would be:

0F)mai = f—p(\q':lzgal./min./min. ©)]

This would be realized if the controller increased the outflow at a
constant rate, the two flows balancing just as the level reached
the upper or lower limit. It is possible to adjust a proportional
plus reset controller so that the maximum rate of outflow change
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Figure 3.

exceeds the theoretical value by a negligible amount. Nicholsl
solved this problem and found that the rate is only 3.6% greater
than the theoretical.

At the optimum settings the level and flow transients follow-
ing the largest normal sudden inflow change would be as shown
in Figure 5, and these settings for proportional response sen-
sitivity S And automatic reset rate RR are very nearly:

S = AF Ib./sq. in. per in. 4
RR = (1.5) 9]1: per minute (5)

Or more simply, the sensitivity should be set so that a pen move-
ment equivalent to the total allowable level change makes a
valve movement sufficient to increase the outflow AF gallons
per minute. The reset rate is set equal to 1.5 divided by the
time required to fill the tank between allowable limits at a rate
of flow equal to AF. This time unit is useful in work on aver-
aging control and is:

0 = C/AF miautes (6)

COMPARISON OF CONTROLLER TYPES

Equations 2 and 3 show that the rate of change pf outflow
achieved by a proportional plus reset controller will be only AF/Q
times as great as that from a proportional response instrument.
If maximum throughput were 100 gallons per minute and the
largest normal sudden inflow change were 10 gallons per minute,
the controller with reset response would reduce (dF)mex to one
tenth that obtainable without reset. By the same reasoning,
the tank volume necessary for a reset instrument would only be
AF/Q times that for the simpler form.

Whenever tho sudden changes in flow are less than the maxi-
mum throughput, a proportionate advantage is realized by the
addition of reset response either in reducing the rate of change of
outflow or in reducing tho required tank size. However, there
jire certain disadvantages attending the use of the proportional
plus reset instrument which can sometimes outweigh the ad-
vantages of smoother outflow or smaller equipment.

Ovehpbak. Figure 2 shows that the proportional response
instrument does not allow the outflow chango to exceed the in-
flow change, but that the reset type of instrument allows the
outflow to exceed inflow in order that the level can be returned to
the middle of the tank (Figure 5). This overpeak amounts to
about 0.38 AF; ordinarily it is not serious but could be in-
tolerable if the unit fed by the outflow were very near its maxi-
mum capacity—e.g., a column near the flooding point.

1Nichols, N. B., Am. Assoc. Advancement Sci., Gibson Island Instrumen-
tation Conference, 1942.
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Limits. The averaging
type of liquid level controller
has stops which prevent the
level from exceeding allow-
able limits.  When inflow
changes larger than AF occur,
these stops operate to bal-
ance inflow and outflow
abruptly (Figuro 6). At
times this sudden change in
outflow, even though it oc-
curs infrequently, can out-
weigh the advantage of slower
changes. Of course this in-
volves the choice of maxi-
mum AF; the largest should
be taken if the limit effect can
be undesirable.

Balancing. If abrupt
flow changes are to be aveided on start-up or shut-down of units,
the averaging type controller must be balanced in manually.
This requires certain manipulation which is not necessary on the
straight proportional response instrument and, consequently, can
necessitate some supervisory assistance to the regular operators at
these times.

Highkr Cost. Although the additional cost of the reset
mechanism is not great, at times it may give some weight to the
selection.

There is no exact answer to the question of instrument type
although a good practice rule might be that reset should be con-
sidered if the value of AF/Q is less than 0.5.

mMEASURING SENSITIVITY
. CONTROLLER SENSITIVITY
' RESET RATE

OUTFLOW
=MAXIMUM RATE OF CHANGE
OF OUTFLOW FOLLOWING
CHANGE

MISCELLANEOUS CONSIDERATIONS

It might be well to point out that the shape of the surge vessel is
of no importance; only the available volume between limits is to
be considered. Obviously, results would be altered slightly if a
horizontal cylindrical vessel were used since the cross section
changes with level. However, the slope of the calibration curve
of such a vessel varies little between 20 and 80% of the diameter.

INFLOW

OUTFLOW  AF

level

Figure 4. Effect of Flow on Liquid
Level for a Proportional Response
Controller

The units of flow and capacity used are unimportant so long as
they are used consistently; i.e., AF may be barrels per minute
as long as dF is in barrels per minute per minute, etc. Further,
this solution is not limited to outflow control with variable in-
flow. The control valve could be on the inflow with the outflow
uncontrolled.

While the ability of a unit to absorb changes in inflow me>
vary with throughput, the most general case is probably that the
rate of change should be a minimum at all operating rates. This
says that so-called characterized valves should be avoided in
averaging control; a simple beveled disk valve which gives flov
nearly proportional to opening is the best answer, inasmuch as it
assures minimum rate of change of flow at large as well as at sma
throughputs.
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Figure 5. Effect of Reset Response on Liquid Level

Often an averaging level controller does not operate a valve
arectly but changes the set point of a flow controller on the out-
favline. This has the advantage of eliminating the abrupt
Swchanges which would result if partial plugging of the control
rve could occur or if the pressure drop across the valve could
daxgabruptly. The disadvantage to this system is that most
iorr controllers have nonlinear scales, the flow varying as the
sqae root of the differential. This system, then, in giving
lirer changes in differential-pressure set point actually causes
taster rates of change of flow at low throughputs than at high.
lacalculating settings from Equations | or 4, constant v should
tetaken as the actual change in the flow set point per Ib./sq. in.
flange in level controller output. Furthermore, the constant
shaud be taken around the point on the flow scale representing
maximum expected throughput. If taken at the average flow,
tre settings would be conservative at low flows, but the upper
Wtstop could be reached at high flows.

Itis apparent that the level measuring device must cover the
toal allowable level change or more. Similarly, good practice
TQud dictate that a valve positioner be used, to eliminate the
deed spot caused by valve friction, and a valve positioner with
tie widest input pressure range should be used to reduce end
effects.

Oreother point can be important when the surge tank is very
®all compared to the throughput or, better, when (0 = C/AF)
Isverysmall. Under these conditions rapid correction in outflow
may be required. In this case the lag of level measurement and
thelag of operating the valve can become appreciable and affect
the control results. It is, then, very important that a level
measuring device with small lag be used, such as the direct-float
operated instruments or bellows type (aneroid) manometer.
Inextreme cases it may be necessary to use booster relays to cut
valve lag. In general, however, the required rates of valve
movement are so slow that valve and moasuring lags are not
greatenough to alter the calculated results appreciably.

EXAMPLES

This paper has attemptod to apply numbers to quantities
*hich, admittedly, cannot be evaluated. Even after the maxi-
mumrate of change of flow to a unit is calculated, it is still neces-

to decide whether or not the unit will successfully absorb
thisrate of change; that question is not easy to answer. Never-
theless, interjection of Equation 3 into arguments between plant
“Mga and operating departments has often cleared away clouds
™generalisation so well that a common-sense answer is apparent.
mtypical example is given in problem 1.

Probtem 1. A plant has a column with a surge volume in the
*60f 400 gallons. It is to be put on a service where the maxi-
mumsudden change in feed to the column can be of the order of

S*Uons per minute. Normal downflow will be about 100
Salons per minute.  Will a level controller be able to absorb
Ischange in flow without upsetting the following column which

INDUSTRIAL AND ENGINEERING CHEMISTRY 363

is to be fed with the bottoms from the first? Or will
an expensive high-pressure tank be required to aug-
ment the existing capacity?

Solution. From Equation 3 (i/f).., will bo 1 gallon
per minute per minute. Almost any column will be
able to accept a 1% per minute change in feed rate.
Therefore no auxiliary tank is required.

Problem 2. Flow to a surge tank varies from 30 to
180 gallons per minute. Sudden changes in through-
put will not be greater than 50 gallons per minute,
and the rate of outflow change regulated by a level
controller must not exceed 5 gallons per minute per
minute. Pressure drop through the control valve is
25 pounds per square inch. Specific gravity of the
liquid is 1.0. Minimum holdup is desirable.

Questions of design, instrumentation, and adjust-
ment must be solved: What must be the tank capacity

(a) with proportional response controllerand (b) with proportional
plus reset controller (design)? What controller range, valve
size, etc., should be selected (instrumentation)? What is the
estimate of the controller settings (adjustment)?

Solution. From Equation 1,

C- - ngW - 1800 gallons

{dr) max
From Equation 3,

- (AFP

= @P)m (Sf_))/ 500 gallons

The need for minimum holdup indicates that the proportional
plus reset instrument should be used. A vertical cylindrical
tank, 4 X 6 feet, would hold 500 gallons in 64 out of 72 inches
and thus leave 4 inches above and below limit stops.

The nearest standard manometer range above 72 inches is 100
inches of water. A 2-inch, single-seat, beveled-disk diaphragm
valve with a capacity of 200 gallons per minute and a valve
positioner with an input range of 16 pounds per square inch
would be selected.

Figure 6. Effect of Limit Stops on

Liquid Level

The controller sensitivity can be estimated from Equation 4
after evaluating two constants. Measuring sensitivity m is the
pen movement per gallon. The 5-inch controller scale represents
100 inches of water, and 64 inches of water represents 500 gal-
lons; therefore,

_ (645
™ = 100 (500)

Valve sensitivity v is the flow change per unit change in con-
troller output. Since a linear valve is used, and 16 pounds per
square inch change in positioner input makes a flow change of
200 gallons per minute,

t= ZI%: 12.5 gal. per min. per Ib./sqg. in.
The problem gave AF as 50 gallons per minute, and C has been

determined to be 500 gallons; therefore.

0.0064 in. of pen movement per gal.



364 INDUSTRIAL AND ENGINEERING CHEMISTRY

AF 50
(M)(V)(C)  (0.0064) (12.5) (500)

From Equation 5 the reset rate should be:

= 1.25 Ib./sq. in. perin.

RR J = 0.15 per min.

The controller limit stops should be set at 4 and 64 inches of
level. Figure 5 shows that after a sudden change in inflow the
level will return to mid-tank in a time of about (5) (C)/(AF) or
50 minutes.

SUMMARY OF EQUATIONS

For the proportional response controller,

WV\?(C) Ib./sq. in .per in.
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(dF),, (AFXQ) gal./min./min.
For the proportional plus reset controller,
AF 1 . .
S = Ib./sq. in. per in.

(m@EHC)  (mE)(f)

nr>  1.5(AF) 15

RR ——* = -f Per min'

(@Fymz = (AFY  AF

The settings for the proportional plus reset controller can be
stated as follows: Sensitivity is set so that a level change equiva-
lent to C moves the valve enough to make a flow change equal to
AF. Resetrate is set equal to 1.5 divided by the time required
to fill the tank at a rate of flow equal to AF.

Temperature-Density Relation for
Gasoline-Range Hydrocarbons

JOHN GRISWOLD AND JU-NAM CHEW1
The University of Texas, Austin, Texas

| he temperature coefficient of density (a) in tbe equation, db = dj° + a(t —20).
for pure hydrocarbons from Chto Cl2is correlated with hydrocarbon structure or
type and molecular weight at temperatures near 20° C. by the formula, —a —
ni(l/Af —0.002) + 6 X 10“', where M is molecular weight and in is a constant

depending only on structural type.

A.P.I. gravity whenever tlie type of compound is known.

This permits an exact conversion of dj° to

For application to wider

temperature ranges, values of Bin the equation, dj = dj + a(t —20) + 8(t — 20)2
are calculated for the few compounds 0!l which data of sufficient accuracy and

range are available.

N ACCURATE temperature-density relation for pure hy-

drocarbons is needed for conversion of d4 to various tem-
peratures and to degrees A.P.I. (60/60° F.). Several correlations
of density and of volume with temperature already have been pre-
sented. The most general seems to be that of Lipkin and Kurtz
(8). For the relation,

d* = dr + a(t - 20) + B(t - 20)2 o

where d = density, grams/ml.
t = temperature, 0C.

these authors plotted a against molecular weight for various types
of hydrocarbons, and /3 against molecular weight for normal
paraffins. A single curve gave a fairly good representation of a
for all types of hydrocarbons, although only a fraction of the val-
ues fell exactly on the curve.

COKKELATION OF ALPHA

The Lipkin and Kurtz plots show that the shape of the curves
is at least approximately hyperbolic. If this is true, a plot of a
against the reciprocal of molecular weight will yield a straight
line. This was found to be the case, and Figure 1 shows values
of a calculated from the most recent and reliable data (enumer-
ated later). Figure 1shows that divergence from a single straight
line is greatest at the lowest molecular weights, that the data tend

1Present address, University of Michigan, Ann Arbor, Mich.

The values of 0 vary with structure in an unknown manner.

to converge at higher molecular weights, and that all aromatic*
fall above the line and all n-paraffins fall below the line; there-
fore, by differentiating between these types, a more accurate cor-
relation is obtainable. Calingaert el al. (1) reported obtaining
a linear correlation for paraffins on the coordinates of aM ts
N, where N is the number of carbon atoms from heptane to
cicosane (C7to C2). A type form equation linear in aM and A
may be transformed algebraically into an equation linear in a and
I/M for any given scries of hydrocarbons.

Recent data for the individual types were plotted separately
with the results shown on Figure 2. The data include »-paraffins
from C5to CI8 isoparaffins through Ca, naphthenes through Qm
olefins and aromatics through CI12 and a few heavier compounds.
On the isoparafEn and olefin plots, points for several isomers of
the same molecular weights sometimes superimpose. The data
for each individual type are'best represented by a straight line.
With the exception of isoparaffins, the best lines for all scries
extrapolate through a hypothetical common point at 500 molecu-
lar weight and a — —60 X 10-6. The isoparaffins may also be
represented by a line through this common point with less error
than occurs between certain isomers of the same molocular
weightin other types. Isoparaffins, naphthenes,.olefins, diolefins,
and acetylenes may all bo represented by the same line. Agen-
eral equation for all types may be written in terms of molecular
weight and slope:

—a = m(I/M - 0.002) + 60 X 10"* ®
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Figure 1. Values of a Calculated from Recent Data

wee a is the coefficient in Equation 1, M is molecular weight,
ad mis the slope that depends on structure:

Hydrocarbon Type Slope m
«wParaffins e 0.0315
gm‘(ﬁsm naphthenes, olefins, diolefins, acetylenes 0.0333

0.0353

EVALUATION OF 0

Data of a high order of accuracy and covering a fairly wide
temperature range are needed for calculation of 0. Very few of
tretemperature-density data reported in the literature are ade-
qaete for this purpose. The only data comprehensive for a
siesare on »-paraffins. These form a straight line from C5to
diwhen [3is plotted against the reciprocal of molecular weight
(Fgure 3). The equation for the line is:

= (800/21/ - 3.0)10- 6)

Calingaert €l al. (1) calculated fi for n-paraffins from pentane
through dodecane, and also /3 for several isoparaffins using data
immother sources (8, 12). It was noted that values for iso-
Psreffins were different from those for n-paraffins, but this was
bribed to inaccuracies of the data.

Lipkinand Kurtz (8) recommended that 3values of n-paraffins

used for all hydrocarbons. Data have appeared since which

f that /3 for n-paraffins should not be implicitly used for
" types, even for isoparaffins. Data on styrene {11), on 2,3-
‘iimethylbutane (7), and on undecyne may be used to obtain
'slues of /3 of at least approximate accuracy. Table | gives the
calculated values. The styrene reference data are presented

fasa calculated table, and the value of 3may not be accu-
se. For all other compounds the values range from equal to

«oral times greater than those for the corresponding n-paraffins.

Kt as the authors know, Equation 1 is merely the conven-
tual power scries t"pe of empirical equation commonly used to

Present physical data. It does not correlate densities accu-

ovw wide temperature rangeswithout the addition ofa cubic
limBused in- International Critical Tables (6). Therefore no
dple and general correlation of Bmay be expected. However,

"tough value may bo selected from Table | for use with com-
ijunds other than n-paraffins.

able Il compares the present values of a and Bwith those of

Pmand Kurtz. The differences are appreciable in many

"asal(l are due partly to the later and more accurate con-
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stants now available, and partly to the im-
proved method of correlation.

SCOPE OF EQUATION 1

Since values of /3 arc known for relatively
few compounds and no /3 correlation is indicated
between various types, the scope of Equation 1
reduced to linear form by omission of the
squared term should be defined. Values of /?
for the n-paraffins cover a range; using the con-
stants for pentane through decane, values of
0(t — 20)2were set equal to 0.0001, 0.0002, and
0.0005, and solved for (t —20). The resulting
figures are the number of degrees above and be-
low 20° C. at which the stated density error
occurs if the squared term in Equation 1 is
dropped entirely. The results (Table 111) show
that the density error accruing from neglect of

14 16 the /3term is negligible between 15° and 25° C.,

and frequently between much wider tempera-
ture limits. This agrees with the conclusion of
Deanesly and Carleton (2) that for n-paraffins
the temperature coefficient of density is sub-
stantially linear over the range 20° C. £+ 20° C.

GRAVITY CONVERSION TABLE

Densities of pure hydrocarbons arc commonly reported in the
literature as dl°, whereas the petroleum industry favors A.P.I.
gravity (at 60°/60° F.). A rapid and exact conversion between
the two is of great convenience. The data required for the con-
version are temperature coefficients of density for the hydrocar-
bons and for water. For the more common pure hydrocarbons,
Equation 1 with the $ term omitted was used with the proper a
value to convert d|° to density at 15.56° C. (60° F.) relative to
water at 4° C. This was then converted to density at 15.56° C.
relative to water at 15.56° C. by dividing by the relative density
of water at 15.56° C. to water at 4° C. The A.P.l. gravities
Corresponding to these densities were then obtained from a table

Table |I. Values ok B for Hydrocarbons O tiier Tuan
w-Paraffins
B X 10»
Subject
Pressure, Temp., hydro- n-Par-
Compound Atm. °C. carbons affin®
Styrene 1 0 to 145 0 -0.47
2,3-Dimethylbutane Satn. 0 to 200 -2.4 -0.63
2,2,4-Trimethylpentane 1 10 to 100 -2.17 -0.40
3-Ethylpentane 1 -20 to 90 -0.89 -0.50
2,2-Dimethylpentane 1 -20 to 80 -0.50 -0.50
1-Undecyne 1 15 to 90 -0.4 -0.21

° From Figure 3 at mol. wt. of subject compound. (For compounds other
than isoparaflins, these molecular weights are not those of actual paraffins.
This procedure gives slightly better correlation than the basis of equal num-
ber of carbon atoms.)

Tabte Il. Comparison of d and Bwith Lipkin and Kurtz
Values
—a X 10" R X 10°
Lipkin Authors Lipkin
Mol. and «-Par- Aro- and
Wt. Kurtz affins matics Others*® Kurtz Authors6é
72 97.4 97.5 99.6 -8.1 -8.8
. 85 91.5 90.8 9714 92.5 -6.4 _6.4
100 80.7 85.2 90.6 86.6 -5.0 -5.0
120 82.0 80.0 84.3 81.1 -3.7 -3.7
140 78.5 76.2 79.7 77.2 -2.6 -2.7
160 75.8 73.4 76.3 74.2 -1.8 -2.0
180 73.7 71.2 73.6 71.8 -1.2 -1.4
200 71.9 69.4 71.5 70.0 -0.7 -1.0
225 70.3 67.7 69.4 68.2 -0.2 .06
250 69.0 66.3 67.7 66.7 + 0.2 -0.2
275 67.9 65.1 66.3 65.4 +0.5 +0.1
300 66.8 64.2 65.1 64.4 + 0.8 + 0.3

° Isoparaffins, naphthenes, olefins, diolefins, and acetylenes.
b Recommended for n-paraffins only.
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possible.  For the normal paraffins the Bureau of Standard
data were used for pentanc through nonane; from draR

-70

y / on, those of Deanesly and Carjeton (2) were used.
/)éé wThe temperature coefficient of density (dd/d/) is'
60 Where densities were given at various temperatures, tl
8 10 12 a values were calculated by. the abbreviated form of B
T\M\'/ X 103 tion 1 (3term omitted) and data near 20° C. (usually \elLe

at 20° and 25° C.).

Arepresentative number of isomeric compounds of the ven
(1S). Values of a read from the curves of Figure 2 were used for ous classes were selected, and their a values calculated and plotteo
calculating the A.P.l. gravity, except for benzene for which the One point on a plot may represent more than one isomer. D]
actual experimental value was used. Benzene is the only com- for high-molecular-weight compounds not reported by the Bin®

mon pure hydrocarbon not satisfactorily correlated. The best
curve (as noted on Figure 2) was used for isoparaffins.
Table 1V lists the conversion values. The density range in-
cludes all known hydrocarbons in the classes indicated, from C5 Table IlI.
through the C8compounds. Intermediate values may be readily
found by interpolation, so the table is usable for hydrocarbons of (i - 20) for Error opbpam
R U.0007

Effect of Omission of [/3(i — 20)s] Tbm>%
Density Equation

various degrees of purity. Compound X 10 £0.0001
n-Pentane -7.9 11.3° C. 15.9° C.
n-Hexane -6.3 12.0 17.8
SOURCES OF DATA AND PROCEDURES n-Heptane -5.0 14.1 20.0
n-Octane -4.0 15.9 %gg
In an effort to use the most dependable density data, those n-Bonano 325 308 553

from the National Bureau of Standards (10) were used when
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of Standards (above 9 carbon
alors in most CaseS) were Ob' Tabte IV. Gravity Conversion Table for Hydrocarbons
tained mostly from Egloff (h 5). A.P.l. Gravities
In the selection of values, care Olefins Olefins Olefins Olefins
N and and and Alkyl and
»as taken to use those on dif- cyclo-  Pen- Ben-  naph-  Hex- naph-  Hep- aro- naph-
ferent samples only where data Density, pcrlztsane tagses z?:r;e th?:r;es ag(e(s Tolgfne th(e:rles tag?es m?:t*lcs -th%%es Octca*nes
bydifferent investigators agreed dr (70)° (72) (78) (84) (86) (92) (08) (100) (106) (112) (114)
i 0.G100 98.5
o where data from different PRTL 9]0 o8
sources gave the same value of 06300 913 913 ,
a This was necessary because 0.6500 845 84.6 24%
much of the density data lacked 82983 gézl gl.a L3 63
. . . 78.2 .
the necessary accuracy, and 06800 750 75.1 752 752 75.3
+ i . 72.0 72.1 72.2 72.2 72.3
e\/en_an error of _0'000:_[ n 0.7000 69.1 69.2. 69.3 69.3 6914 69.4
density produces an appreciable 0.7100  66.3 66.4 66.5 66.6 66.6
i 0.7200 63.6 63.7 63.8 63.8 63.9
emorinthe calculated value of a. 07300 1o 611 61.1 61.2 61.2
Requirements of accuracy and 9-7a00 584 58.5 58.5 58.6
temperature range covered are 07600 ' oa e oo o
norerigorous for the calculation 0.7700 51.1 51.2 51.2
of @than for calculation of a. 077900 48.8 48.8 48.9
Thedata suitable for calculation 0.8000 , o) 44.4
0.8100-0.8500 (no compounds
o 0 have already been note(_j. 0.8600 39 1 32 1
Fomthese, /Swas found by tlie 0.8700 30*. 1 30.2 30.3
. 0.8800 28.3 28.4
graphical procedure used by 08900 266
0.9000

Calingaert (1).

Density data are available for
Gand lighter gaseous hydrocar-
bos.  These were not included,
sinee the liquid density depends on pressure, and the gaseous
hydrocarbons under high pressures do not correlate well with'the
higher hydrocarbons at atmospheric pressure.

temperature-density-refractive index

Temperature, density, and refractive index are fundamentally
related to molecular structure. For n-paraffins (and their mix-
tures) at 20° C. the density-refractive index relation (2) is:

052167d + 1.03104 o

Ward and Kurtz (14, 15) discussed the theoretical relations
and noted that the ratio of differences of refractive index to den-
sity between two temperatures was substantially constant, or

An = CAd 5)

For heavy petroleum fractions (A.S.T.M. groups 0 and 1) the
value of C was 0.59, and for all lighter petroleum oils and wax,
A'"as 0.30. Mibashan (9) found that C for n-paraffins from Cs

Figure 3. Values of § for n-Paraflins

1Figures in parentheses arc molecular weights.

to Ci8was 0.565 at temperatures near 20° C. Equation 5 is use-
ful in connection with Equations 1, 2, and 3 to correct refractive
indices for temperature. While Equation 5 was developed from
data near 20° C., the temperature limits over which it is valid
are unknown.
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Liquid Holdup and Flooding in
Packed Towers—Correction

Attention is called to an inconsistency in the units specified
for the quantity Ul in the table of nomenclature (page 445) of
this article by J. C. Elgin and F. B. Weiss [1na. Eng. Chem.,
31, 435 (1939)]. UlI, the superficial liquor velocity based on
entire cross section, should be correctly ft./sec. rather than ft./hr.
as printed. With this change the superficial mass velocity of
liquor, Ib./(hr.)(sq. ft.? = 3600 Ulpl. The chart of Figure 10as
printed is correct, as long as consistent time units are employed.



Chromate Corrosion Inhibitors

MARC DARRIN, Mutual Chemical Company of America, Baltimore, Md..

OETHELLI (S), Speller (9), and others (2-6) have shown that

chrométes and bichromates effectively inhibit the corro-
sion of iron in chloride-containing water. In closed water sys-
tems, such as are used for cooling locomotive Diesels (7), there is
almost no mechanical loss of water, and it is not important to
employ low concentrations of chromate; in fact, it is more con-
venient to use a comparatively high concentration (4). With
open cooling towers and spray ponds which arc employed for air
conditioning and many industrial purposes, the situation may be
very different. In general, somewhat lower concentrations of
chromate are used, the optimum varying for individual installa-
tions. When there is little mechanical loss and the water con-
tains much chloride, periodic drawoffs must be made to waste
in order to keep the chloride content low; since this causes a

simultaneous loss of chromate; it is most economical to enploy
the lowest concentration of chromate which effectively inhibits
corrosion. It is better, however, to employ too much than not
enough, since excess chromate not only increases the safe limit of
salt concentration but in general reduces the amount of chromate
consumed in the protection of metal surfaces. For this reasonit
is best to start the chromate treatment with, a comparatively hich
concentration, 500 to 1000 p.p.m., and gradually reduce te
amount of chromate over a period of months to the lowest oot
centration at which the particular installation is effectively pro-
tected against corrosion.

By way of illustration, let us assume that the evaporative los
from a recirculating cooling system is 1000 gallons per day, that
the raw water contains 100 p.p.m. of sodium chloride; and that

Atmospheric Water Cooling Tower Constructed fora
Oil Company (Courtesy, Fluor Corporation)



RATE OF CONSUMPTION OF CHROMATE

the maximum concentration of chloride permissible in the system
i51000 p.p.m. It would be necessary to replace the evaporation
with raw water and to run to waste 100 gallons per day, in order
not to exceed a concentration of 1000 p.p.m. of sodium chloride.
Since this 100-gallon drawoff contains the maintained concentra-
tion of chromate—for example, 250 p.p.m. (0.025%)—it would be
necessary to add an equivalent amount of chromate to the make-
upwater. In this case: 0.025 X 8.33 = 0.21 pound of chromate
per day. Since the volume of the make-up water is ten times
that of the drawoff, the required concentration of chromate in
the make-up would be 25 p.p.m. in order to maintain 250 p.p.m.
of chromate in the circulating system.

The same relative proportions apply to other additives, such as
caustic soda to control alkalinity. The general method of cal-
culating drawoff and chromate .addition is similar for all
manner of open coolers, spray towers, cascade towers, natural
draft towers, mechanical draft towers, evaporative condensers,
spray ponds, natural ponds, or any other device which operates
through atmospheric evaporation (1).

ESTIMATION OF CHROMATE CONSUMPTION

In addition to the chromate which is run to waste, some is con-
sumed in forming a protective film. This may be estimated (7)
by means of Figure 1 which shows pounds of sodium chromate

The chromate-inhibition of
monometallic ferrous systems
is reported in tlie presence of

chloride, in amounts commonly Chro-
. . Panel NacCl, mate,
encountered in water-cooling No. PPM. P.P.M.
systems. .D ata show the rate of 1 10 0
consumption of chromate at g gg
differentmaintained concentra- 7 100
. . 250
tlgns and changgs in the rate ﬁ 500
with passage of time. The ad- 13 1000
vantage is shown of starting 15 100 0
with a comparatively high con- 17 %
centration of chromate and ﬁ 100
. .. . . 23 250
maintaining it until the protec- 25 500
tivefilm is stabilized. This pro- 21 1000
cedureis particularly applicable 29 1,000 0
to cooling towers or spray ponds i 2
where part of the recirculated 3 200
"ater is run to waste to avoid i’ﬁ 500
. . 1
excessive concentration of 000
Mineral salts. Graphs are in- 43 10,000 zg
cluded which will he of practical 47 50
Assistance to the engineer. In- 49 199
cidentally, the data niay prove 53 500
55 1000

elpful to a better understand-
n'g of the dual nature of passi-
‘ation and thus lead to further
technological improvements.

6 Inclusive of edge pits.
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Tabte .

° Exclusive of pits on or near edges.

Cc Calculated from weight loss.

consumed per 1000 square feet of completely submerged ferrous
surface for various periods at room temperature (70° F.), aerated,
with the pH maintained at 7.5to0 9.5. Within this pH range there
is no measurable change in corrosion rate. At higher tempera-
tures the consumption of chromate is somewhat increased.
With partial submersion, there may be greater corrosion at the
water line, but this can be avoided by proper design or heavy
painting of water-line areas which are seldom located where
painting would hinder heat transfer.

Figure lincludes examples of a good water containing 10 p.p.m.
of sodium chloride, a fair to poor water containing 100 p.p.m.,
a very bad water containing 1000 p.p.m. such as might result
from concentration in an evaporative cooling system, and an ex-
treme condition, 10,000 p.p.m. of sodium chloride. From
the practical viewpoint these graphs show that in all cases tho
rate of consumption of chromate is relatively high at first but
rapidly falls off until it is stabilized within 1to 3 months. In
general, the consumption of chromate is highest at a concentra-
tion of about 50 p.p.m. of chromate and lowest at about 500
p.p.m.; for practical purposes there is little difference, after con-
ditions have been maintained for 3 months, with chromate con-
centrations from 250 to 1000 p.p.m. The general effect of chlo-
ride is to increase tho consumption of chromate, especially during
the first 10 days while the protective film is forming.

Comparison of Test Panels
M ax. Pene- Fe Equiv.
Depth of trationO, Panel of Chro- Grams Fe
Pits®, No. of In. Condi- mate Oxidized
In. Pitsh per Year Score tion Consumed»* by Air
0.004 >5 0.01346 23 Bad None 5.21
0.008 >5 0.00020 72 Poor 0.02 0.08
0.003 ‘ >§ 0.00027 75 Fair 0.02 0.09
0.004 0.00005 85 Good 0.01 0.01
None 4 0.00001 90 Good 0.00 0.00
None 1 0.00000 97 Exc. 0.00 0.00
None 0 0.00000 100 Exc. 0.00 0.00
None 0 0.00444 62 Bad None 1.72
0.015 >5 0.00124 53 Bad 0.04 0.55
0.009 >5 0.00082 60 Bad 0.04 0.34
None >5 0.00009 79 Fair 0.01 0.03
None 5 0.00008 80 Fair 0.01 0.02
None 4 0.00005 85 Good 0.00 * 0.02
None 2 0.00004 90 Good 0.01 0.01
None 0 0.00569 57 Bad None 2.20
*0.017 >5 0.00118 58 Bad 0.04 0.52

0.010 >5 0.00093 58 Bad 0.06 0.38
0.008 >5 0.00017 77 Fair 0.02 0.05
None >5 0.00013 79 Fair 0.02 0.03
None 4 0.00010 ' 85 Good 0.01 0.03
None >5 0.00008 85 Good 0.01 0.02
None 0 0.00711 57 Bad None 2.75
0.009 >5 0.00087 63 Bad 0.05 0.37
0.017 >5 0.00090 58 Bad 0.06 0.37
0.002 >5 0.00044 70 Poor 0.03 0.15
None 3 0.00022 78 Fair 0.02 0.06
0.004 5 0.00014 78 Fair 0.02 0.03
0.005 >5 0.00012 83 Fair 0.01 0.03

J 324.0 grams NasCrOi consumed (reduced
to trivalent state) is equivalent to the oxida-
tion of 111.7 grams Fe to FeaOa.
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From Figure 1 and the daily drawoff,
the most economical ehromate concentra-
tion may be estimated—namely, the con-
centration at which the sum of the ehromate
drawn off and that consumed has a mini-
mum value. It is not advisable ordinarily
to maintain ehromate concentrations below
100 p.p.m. in the circulating system.
Furthermore, it is best to start the treat-
ment with a comparatively high concen-
tration of ehromate (500 to 1000 p.p.m.)
and later lower the concentration as the
protective film becomes stabilized.

If conditions encountered in practice are
more corrosive than those on which the
charts are based (due to higher tempera-
ture, bimetallic contacts, old rust, etc.) the
figures obtained from the curves may be
multiplied by a suitable safety factor.
Excess ehromate is desirable also because
there may be a small additional consump-
tion of ehromate by reducing substances
which may be present in the raw water or in
the air with which it comes into contact.
No correction is required for leakage and
similar mechanical losses of ehromate (pro-
vided they do not exceed the calculated
drawoff) since these losses are compensated
in practice by a reduced drawolT.

EXPERIMENTAL PROCEDURE

Panels. Test specimens having a sur-
face area of 12 square inches were cut from
a mild steel plate known as type A tank
(about 0.1% carbon). All were cut from
the same sheet and were uniformly polished,
cleaned, and inspected for defects prior
to testing. At the end of the exposure
and before cleaning, photographs were
taken (Figure 2) and corrosion s-cores
obtained :

o Degree of
Designation Score Corrosion
Perfect 100 No indication
Excellent | Above 95 Minor,butvery
satisfactory
Good 85 to 95 Definite,  but
. satisfactory
Fair 75 to 84 Questionable
Poor 65 to 74 Probably un-
satisfactory
Bad Less than 65  Severe

The scores are the composite observations
of four men. There were no significant dif-
ferences between the scores reported by dif-
ferent men or between duplicate panels.
After the exposed panels were cleaned with
a soft bristle brush, their weight loss and
condition were evaluated, additional photo-
graphs were taken (Figures 3, 4, anil 5), and
depth of pits were measured optically.
Media. Twenty-eight media were em-
ployed (Figure 2). Large amounts of
these media were prepared in advance,
the pH was adjusted to 8.0-9.0, and chro-
mate analyses were run by precise electro-
metric titration. The first series (10
p.p.m. sodium chloride) was prepared
from Baltimore city water, which was

Figure 1. The Cumulative Consumption of

Chromate per 1000 Square Feet by Waters

Containing Various

Amounts

of NacCl

Vol. 38, No. 4
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found to contain, this amount of chloride at
the time the solutions were prepared. The
other three series were prepared by addi-
tion of calculated amounts of c.r. sodium
chloride to Baltimore city water.

Exposure. Duplicate specimens were
exposed in each medium at room tempera-
ture (70° F.). Individual jars were em-
ployed for eacli panel, which was com-
pletely submerged and aerated with an ex-
cess of water-washed air. Other details
were the same as previously described (4,5).

Analyses. During the period of ex-
posure, at frequent intervals so as to avoid
important changes in cliromate concentra-
tion, the panels were transferred to other
jars containing fresh media, and the old
media analyzed. The difference between
the total'cliromate in each jar, before and
after each transfer, was recorded as tlio
amount consumed. At first the cliromate
consumption was so rapid that daily
analyses were required. Analyses for chlo-
ride and pH determinations showed no ap-
preciable change, and these data are omitted.
The fact that chloride analyses were constant
precludes the possibility of any appreciable
loss of cliromate other than on the ferrous
surface.

EFFECT OF TIME

Figure 1 shows the cumulative consump-
tion of cliromate for the odd-numbered
panels by daily increments up to 182 days
(6 months). Similar data, obtained for the
duplicate even-numbered panels, arc not
eshown. As a result of minor "differences
during the first few days the curve level of
most of the duplicate panels was either a
little above or below those shown in Figure 1,
but their relative positions and shapes were
the same (Figure 6). During the first 2
weeks a great many more points were ob-
tained than are indicated on the graphs.
They arc omitted for clarity, but each is
included as an increment of the cumulative
curve. For instance, the solid triangular
point for 10 days and 50 p.p.m. chromate
(Figure 1, graph for 10 p.p.m. chloride) is
the sum of the consumption during each of
the previous days. Although all points are
satisfactorily close to the smoothed-out
curves, few points are precisely on the
curves. There appears to be a periodic
trend for points to fall above the curve and
then below, the deviation becoming less with
lapse of time. During the first few days
these deviations were so great that incre-
ments for an upper curve were sometimes
less than for a lower curve. Forthis reason
misleading conclusions might be drawm by
comparing rates based on analyses a few
days apart. Instead, conclusions should be
based on the slope of the smoothed-out
curves. Inspection of the points on these
graphs indicates that it is impossible to es-
tablish the average shape of the curves with-
out data extending over 30 to 90 days. Data
beyond 90 days are chiefly confirmative for
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Figure 2.

Panel No.
NaCl,-p.p.m.

Weight loes, mg.

Corrosion types
Score
Panel condition

H nSM
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NnsCrOi Concentration, P.P.M .
50 100 250

141

Total Submergence, Aerated, pH 7.5-9.5

66-1 66-15

10. 100

5214 1722

1-5-3-6 1

23 62

Bad Bad

Figure 3. Control Panels (No Chromate)
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the systems studied. Other data indi.
cate that there would be no important
change iii the corrosion behavior of
these systems after 6 months, up to at
least 5 years (4).

TYPES OF CORROSION

Figures 3, 4, and 5 show the appear-
ance of the odd-numbered panels after
6-month exposure and cleaning. The
reverse sides of the panels are essentially
the same. The appearance of the even-
numbered duplicates was also the same.
The original identification marks which
were lightly scratched are still visible on
most of the panels which were exposed
in chromate-containing media. Tho
control panels exposed without chro-
mate were more severely corroded than
Figure 3 shows, and the original mark-
ings were completely obliterated.
Weight losses were exceedingly high,
about ten to one hundred times greater
than with the lowest concentration of
cliromate (25 p.p.m.). Without chro-
mate the most severe corrosion oc-
curred with the lowest chloride con-

1000
B # 7 I_ I NucCl,
P.P.M.
1,000

66-43
10,000
2749

Condition of Iron Panels after 6-Month Exposure at 70° F

centration (10 p.p.m.), the opposite
of what happened when chromate was
present.

Types of corrosion are indicated by
tho following numbers for each panel
(Figures 3, 4, and 5):

elongated pits
edge corrosion
corner corrosion

0 = no corrosion
1 = general corrosion
2 = rounded pits

3 = wide pits

4 = narrow pits

5 —

0=

7 =

The order of the numbers designates the
order of predominance of various types of
corrosion.

Table | lists the number and depth of
pits, penetration per year, corrosion score,
and panel condition. It also shows the iron
equivalent of the total chromate reduced
(consumed) during the 6-month period.
Tho difference between this figure and
the weight loss represents the amount of
iron oxidized by the air used for aeration;
it indicates that there is a small amount
of atmospheric oxidation even in the pres-
ence of.chromate, although the amount
so oxidized is almost negligible compared
to the amount of atmospheric oxidation
(corrosion) when no chromate is present.
For instance, with panel 1 (Table 1)
in Baltimore city water containing no
chromate, the amount of iron oxidized by
atmospheric oxygen in 6 months was 5214
grams as compared to 0.079 gram (panel 3
when a concentration of 25 p.p.m. of sodium
chromate was maintained.
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EFFECT OF CIILOKIDE

Figure 7 shows the cffcct of chloride concentration on the con-
sumption of-chromate per 1000 square feet of ferrous surface, for
various concentrations of chromate after 6-month exposure. The
four curves are given similar inflections so as to pass through as
many experimental points as possible; they pass through all
points except the one indicated by an arrow. A duplicate ex-
posure, shown below the arrow by a solid triangle, is on the curve.
The curves show a rapid drop in the amount of chromate con-
sumed as the concentration of chromate was increased from 50
to 100 p.p.m., a tendency to flatten between 100 and 250 p.p.m.,

25
P.P.M.
NaiCrO*
Panel No. 66-3 66-17 66-31
NaCl, p.p.m. 10 100 1000
NaiCr04 consumed, mg. 47 127 128
Weight loss, mg. 95 580 561
Corrosion types 26— 2—5-3-1-6 3-5—+12
Score 72 53 58
Panel condition Poor Bad Bad
50
P.P.M.
NajCrO«
Panel No. 66-5 66-19 66-33
NaCl, p.p.m. 10 100 1000
NaiCrO« consumed, mg. 71 123 177
Weight loss, mg. 106 382 439
Corrosion types 2-1-4-5-6 5-3-2-6-1 3-5-1-6
Score 75 60 58
Panel condition Fair Bad Bad
PHEI_'\b' i8-7 66-21 66-35
N S ’J’_).p m 100 1000
\") ‘consumed, mg. 24 39 52
«elght loss, mg ég 36 65
ion type: -2 6 3-2-1
. 85 79 77
aDdl condition Good Fair Fair

Figure 4.

Effect of Low Concentrations of Chrom ate
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and a rapid drop to a minimum at about 500 p.p.m. except for
the liighest chloride concentration which tended to continue
dropping with increase in chromate concentration. For less
than 50 p.p.m. the consumption of chromate dropped, but corro-
sion became quite noticeable; however, the amount of corrosion
was much less than without chromate.

Figure 8 shows the effect of time of exposure on the consump-
tion of chromate, for various concentrations of chromate in the
presence of 100 p.p.m. of sodium chloride. These curves follow
the same form as those of Figure 7. After 10 days under the
conditions specified, the consumption of chromate was almost

stabilized for concentrations of 500
to 1000, p.p.m.; after 30 days it
was fully stabilized for 500 p.p.m.
and about 90 days were re-
quired for lower concentrations of
chromate.

DUAL NATURE OF PASSIVATION

These data provide evidence that
the mechanism of chromate inhibi-
tion has a dual character. Tho
initial, almost instantaneous passi-
vation or anodic polarization of
the metal surface is followed by
the slow formation of a more pro-
tective layer which becomcs stabi-

66-45

12,5000 lized within 30 to 90 days under

416 the conditions described. For the

506t most part this film is invisible, but

Bad in time it may impart a color to tho
surface.

This evidence tends to reconcilc
the two general theories regarding
the mechanism of passivation: (a) in-
duced changes in the nature of tho
metal surface and (b) oxide film
theory as anticipated by Faraday
and later observed by Evans and
co-workers (2, 6, 9). Both mecha-
nisms may bo essentially correct
and may occur in the order named.
Whatever the nature of tho initial
induced changes which cause a

66-47 barrier in or on the metal surface,
10,000 this barrier (be it force or molecu-
174 . .
433 lar) is slowly reinforced by depo-
gyoninese sition of hydrous ferric-chromic ox-
Bad ides. During the time this outer
layer is forming, there is a compara-
tively rapid consumption of chro-
mate (reduction from liexavalent
to trivalent). It isduring this period
that localized corrosion may occur
if the chromate concentration is low
and the chloride high. Afterward
there is no corrosion of practical
importance with a maintained chro-
mate concentration above 100 p.p.m.,
nor is there much harmful cor-
rosion with a maintained chro-
mate concentration as low as 25
66-49 p.p.m. The foregoing is based, on
10,000 behavior at 70° F. As would be
176 expected, some preliminary tests
%1 showed that the protective layers
Poor formed more rapidly at higher tem-

peratures.
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Apparently, with concentrations of sodium chromate between
100 and 500 p.p.m. the induced changes on the metal surfaces
are uniform, but during the inceptive period there may be some
unevenness in the deposition of the outer film. Presumably,
after building to a certain extent, it is ruptured and a little iron
dissolves from or through the inner barrier (which is probably
anodic to the outer layer); this dissolved iron, together with
simultaneously reduced hydrous chromic oxide, is deposited to
rebuild the outer layer. This mechanism repeats itself in a
cyclic manner with decreasing amplitude and frequency with
lapse of time until conditions arc substantially constant. During
the inceptive period it is simpler
to consider that the iron dissolves
directly from the surface of the
metal than through a special kind
of oxide film, from which it follows
that the initial passivation probably
resides in some induced changes in
the nature of the metal surface rather
than in a highly resistant oxide layer.
The oxide layer demonstrated by
Evans appears to be a product of the
second stage which starts very quickly
since the first stage is completed
almost instantly.

As the concentration of chromate
was increased from 50 to 500 p.p.m.,
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preclude a simpler mechanism, but the possibility of a more com
plex mechanism is not excluded.

Fundamental data (Figure 1) show (hat, when chromate
is used to inhibit corrosion in water systems under the con
ditions specified: (a) Rate of consumption of chromate is
relatively high at first, but rapidly falls off until it is stabilized
within. 1-3 months, (b) Consumption of chromate is highest at
a concentration of about 50 p.p.m. chromate and lowest at about
500 p.p.m. (c) There is little difference, after conditions have
been maintained for 3 months, wiih chromate concentrations
from 250 and 1000 p.p.m. (d) As the chloride content of the

there was a rapid decrease in the Eaance:,':%,m_ ;:05.9 (i&jzs (1;(();0(3)7 ?20),0580
rate of reduction of chromate and \’}‘Vaeifg’ﬁjocs"sf‘srﬂ;ed' mg. 10 % 8 o
the rate of oxidation of iron. This gcoorrrgsion types SO ;66 ;éo §é°
means that the induced changes on Panel condition ‘Good Fair Fair Fair
or in the metal surface are more per-
fect with increase in chromate con- .
centration. [->;
When the chromate concentration
was low (25 to 50 p.p.m.), the be-
havior fluctuated widely during the 500 I
inceptive period, apparently as a re- Npﬁspcvc'h FRENAVAS #
sult of imperfect or uneven primary *. Y ’
passivation of the metal surface; this L- W
condition became stabilized with time
but more slowly than with higher
concentrations of chromate.  The total |
amount of iron oxidized was of the J3. "
same order for chromate concentra- panel No. %8_11 GO-25 6G-39 GG-53
tions of 25 and 50 p.p.m., although NacCl, p.p.m. 21800 41g~000
the reduction of chromate was usu- Weioht lomnsumed, mo. é 8 37 53
ally a little less, and thé proportion gorrosion types ; 85 & S
of iron Oxidized directly by air a Panel condition Silxc. Good Good Fair
little greater, for 25 than for 50 p.p.m.
of chromate. There is some addi-
tional but less definite evidence that,
when the chromate concentration is
high (above 500 p.p.m.), the opposite
effects occur. With a chromate con-
centration of 1000 p.p.m. there was
almost no fluctuation from the start;
although the total amount of iron
oxidized was usually slightly less
than with 500 p.p.m. of chromate,
the reduction of chromate was some-
what greater. fm
Panel No. GG-13 66-27 60-41 _6G-55
SUMMARY 'l\\‘l:icclvri?i'pé?n'sumed mg éoo ;%01 318020 31;),300
. Weight loss, mg. ' " 0.0 155 29.9 46.5
Experimental data presented here Corrosion types 0 7-G G-7 3-7-G
are consistent with a dual theory for Score  dition 100 0 od 8 od ir
the mechanism of passivation. The
nature of the time functions appears to Figure 5. Effect of High Concentrations of Chromate
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water is increased, the consumption of chromate increases, es-
pecially during the first 10 days while the protective film is form-
mE  (6) Rate of consumption of chromate fluctuates in a cyclic
manner, but the amplitude and frequency decrease with lapse of
time until conditions are substantially constant.

These data have important practical applications. They show
that it. is most advantageous to start treatment of a water system
"sth a comparatively high concentration of chromate and to
maintain such a concentration until the protective film is formed.

IS concentration may be lowered later.  An example was given
t® illustrate how the optimum concentration of chromate may
he estimated for inhibiting corrosion in recirculating water sys-

®
©
(6)
™
®
©

1
UPPER PANELS 25 dom.No.CrO.

"PANEL 17

1
\ IWFR PANELS 10 o

1 1 | I B |

tems such as are
commonly employed for
air conditioning and
other cooling pur-
poses.
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Reactions of Aliphatic
Hydrocarbons with Sulfur

PRODUCTION OF OLEFINS, DIOLEFINS, AND THIOPHENE

H. E. RASMUSSEN, R. C. HANSFORD, AND A. N. SACHANEN
Socony-Vacuum Laboratories, Paulsboro, ¢V. J.

A process is described for reacting aliphatic hydro-
carbons, containing at least four carbon atoms in a
straight chain, with sulfur to give the corresponding
olefin, diolefin, and tliiophene or thiophene homolog.
If the charge stock is commercial (95%) «.-butane, the
following variations of the process are possible: (a) an
80% conversion to a product consisting of 35% thiophene,
35% butadiene, and 30% n-butylene by weight by re-
cycling unrcacted butane; (b) a 75% conversion to equal
weights of thiophene and butadiene by recycling un-
rcacted butane and butylene; or (c) a 50% conversion to
thiophene alone by recycling unreacled butane, butylene,
and butadiene.

HE reactions of sulfur with various types of hydrocarbons
Tand hydrocarbon mixtures (petroleum fractions) have been
extensively studied by many investigators, who have generally
reported that the principal products of the reaction are hydrogen
sulfide, carbon disulfide, and complex sulfurized hydrocarbon
derivatives, including polymethylene sulfides and other products,
mostly of unknown structure. The literature on the complete
sulfurization of hydrocarbons to carbon disulfide and hydrogen
sulfide and on the uncontrolled reactions, in general, between
hydrocarbons and sulfur is too voluminous to be reviewed here,
particularly since we are concerned only with controlled and
more selective reactions of certain aliphatic hydrocarbons with
sulfur.

Some comparatively successful attempts have been made to
dehydrogenate selectively specific types of hydrocarbons with
sulfur. Ruzicka, Meyer, and Mingazzini (14, 15) dehydrogen-
ated naphthenes with sulfur at moderately high temperatures.
Monroe and Ipatieff (12) produced olefins from gaseous paraffins
by dehydrogenation with sulfur in the presence of an alumina
catalyst at 550-650° C. Wulff (IS) suggested the use of sulfur
in the production of acetylene from hydrocarbons, although he
actually used chlorine in his experiments. Wheeler and Francis
(17) claimed to have produced benzene, simultaneously with
carbon disulfide, by the reaction of sulfur with gaseous hydro-
carbons at temperatures above 1000° C. Gibbons and Smith
(S) dehydrogenated ethylbenzene to styrene with sulfur at
500-700°C.

Thiophene and derivatives have been synthesized from
hydrocarbons and sulfur in a number of ways. The reaction
of acetylene and sulfur with and without catalysts has constituted
the major preferred prior art (2, 11, 18). Shepard, Henne, and
Midgley (16) bubbled butadiene through molten sulfur and ob-
tained a yield of 6% thiophene; using isoprene, the yield of
methylthiophene was 47%. Baker and Reid (1) reacted 71
butane and n-octane with sulfur in a bomb at 300° C. for 24 to
48 hours and obtained traces of thiophene and alkylthiophenes,
respectively. Friedmann (5, 6, 7) reacted a variety of paraffins
and olefins with sulfur under pressure at 300° C. for long periods
to give various thiophane and thiophene derivatives and

thiophthenes. The yields were not specified but were appar-
ently small.

The reaction between sulfur and hydrocarbons may be com-
pared to that of oxygen and hydrocarbons, in that uncontrolled
reaction conditions in each case lead to analogous end products:
hydrogen sulfide-jcarbon disulfide and water-carbon dioxide.
The essential difference in the two reactions is one of degree,
sulfur being milder in its reactions than oxygen and hence more
controllable. Under certain conditions, less critical than for
oxygen, it should be possible to obtain attractive yields of
primary or secondary products in which the original carbon
skeleton is preserved in the reaction of sulfur with a hydro-
carbon. The present paper describes a feasible method for
controlling the reaction between sulfur and such hydrocarbons
as butane, pentane, and hexane to give the corresponding olefins,
diolefins, and thiophene or alkylthiophenes.

If a hydrocarbon such as «.-butane is bubbled through molten
sulfur at a temperature in the range 300—200° C., the exit gas
stream will contain considerable amounts of hydrogen sulfide
but no olefins. Dehydrogenation has evidently taken place,
but the unsaturated products have undergone secondary reaction
with sulfur (or perhaps partially with hydrogen sulfide) and
largely remain in the molten sulfur. If the butane is passed into
a zone of sulfur vapor at 444° C. and the mixed gases are heated
together to about 600-650° C., the product gases may contain
appreciable amounts of butylene, butadiene, and thiophene, pro-
vided the reaction time is not too long. However, the reaction
tube will soon become plugged with a heavy carbonaceous de-
posit, resulting from the decomposition of a heavy sulfurized tar
formed in the reaction.

By preheating the reactant vapors separately to about 600° C,
introducing them rapidly through a mixing nozzle into a reactor
tube at 600° C., allowing reaction for only a fraction of a second,
and quenching the product stream rapidly, the process may con-
tinue for long periods without interruption. W ith a proper choice
of temperature, reaction time, and sulfur concentration, yields
of butylene, butadiene, and thiophene may be substantial.

The reactions involved appear to lead stepwise to the forma-

tion of thiophene:

C«H,,+ IA»2—> CH, + HB ()
Clls + */: S2---->C,He + I-I,S @
0,116+ S,— 0,118 + HEZ « (©)

Actually, these equations represent the ideal case, but other
reactions also occur. Some of them may be controlled an
minimized, resulting practically in about an SOJ*conversionl o
butane according to Equations 1, 2, and 3—that is, withdrawing

1 Except where otherwise indicated, conversion here refers to moles of
hydrocarbon charge converted to product indicated per mole charged, times
100. Thus a 50% conversion of butane to thiophene would be 0.50 moeo
thiophene per mole of butane charged or about 72 pounds of thiophene p
100 pounds of butane charged.
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butylere, butadiene, and thiophene as useful products, or about
% conversion of butane to thiophene alone for the over-all
reaction.

The formation of thiophanes according to the reaction,

CJTis + S2— > CliaS + HjS

reported by Friedmann (<, 6, 7) who worked at lower tempera-
tures and higher pressures, was not observed in the present in-
vestigation.

Other reactions which occur simultaneously with the above
reactions are: (a) degradation by thermal cracking of the initial
hydrocarbon to lighter hydrocarbons, (6) complete sulfurization
of a portion of the primary reaction products to carbon di-
auifide, and (c) secondary reaction of a portion of the reaction
products with additional sulfur or with hydrogen sulfide to form
acomplex tar of high sulfur content.

By proper choice of temperature, time, and sulfur concen-
tration, reactions a and b can be largely minimized. Reaction c,
however, appears to proceed about as fast as the over-all reaction
leading to thiophene formation since, under the best conditions
attained, the amount of tar and thiophene are about equal.
Practically all of the sulfur in the major by-products, hydrogen
aulfice and tar, can be recovered for recycling to the process
by burning the tar and enough of the hydrogen sulfide to sulfur
dioxice to give the reaction (3, 9,10):

2HXS + S02— > 1’ASo + 2HD )

Aprerequisite to the formation of the thiophene ring is a linear
chain containing at least four carbon atoms. 72Butane will give
thiophene, but isobutane will not; n- or isopentane will give
methylthiophenes, and all of the aliphatic hexanes will give di-
methylthiophenes or ethylthiophene. Hydrocarbons lower than
Cido not yield thiophene but can be dehydrogenated to olefins.
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No diolofin was found in the reaction of propane or propylene
with sulfur, and no appreciable amounts of acetylenic hydro-
carbons wore found in the range of conditions investigated with
any of the hydrocarbons. The lower hydrocarbons, especially
the olefins such as ethylene and propylene, are readily converted
to carbon disulfide. Methane requires more severe conditions
of time and temperature and forms principally carbon disulfide.

PROCESS AND APPARATUS

In the operation of the process under the preferred conditions
using n-butane charge, there appears in the product stream a mix-
ture consisting of butylene, butadiene, and thiophene along with
unreacted butane, hydrogen sulfide, tar, and minor amounts of
carbon disulfide, lighter cracked hydrocarbons, and bottoms
heavier than thiophene. The thiophene, butadiene, and butyl-
ene may be withdrawn from the product stream, and the un-
reacted butane recycled; or the thiophene alone or the thiophene
and butadiene or butylene may be withdrawn and the balance of
the Ci in the product stream recycled.

The process was conducted in a small continuous unit with a
capacity of 20 pounds of thiophene per day. Subsequently the
unit was enlarged to produce 100 pounds per day. Figure 1
shows the larger unit in operation, and Figure 2 is a process flow
sheet of the unit.

n-Butane of approximately 95% purity, obtained as a by-
product from an alkylation unit, was charged through a rotameter
and metering valve from a blow case, maintained at 120 pounds
per square inch by nitrogen pressure, to a preheater consisting of
20 feet of 0.15-inch i.d., 18-8 stainless steel tubing immersed in a
lead bath. Commercial grade sulfur was pumped as molten
liquid froma surge pot to a 20-foot section of '/s-inch, standard
iron pipe size, 27% chromium stainless steel tubing immersed in a
second lead bath. The sulfur pump body was constructed of

27% chromium steel, and the ’/s-inch
plunger, of 18-8 steel. The body was
jacketed with 70 pounds of steam.
Hills-McCanna double-action, vertical-
composite check valves with SS 304
seats and SS 440 balls were used on
the pump. The check valves, sulfur
lines, and other valves in the lines
were traced with 70 pounds of steam.
The check valves were protected
against fouling by a steam-jacketed
glass-wool filter. The pumping rate
was controlled by adjusting the plunger
stroke and stroking rate. The sulfur
rate was metered by pumping periodi-
cally from an internally steam-traced,
calibrated sight glass adjoining the
surge pot through a manifold valve
arrangement. Rates from 1to 100 cc.
per minute could be obtained and ac-
curately held. The jacketing or trac-
ing of sulfur lines and reservoirs wath
70 pounds of steam eliminated pump-
ing eccentricities (noted by some ob-
servers) due to the peculiar viscosity
characteristics of liquid sulfur (6.7
centipoises at 157° C. as compared
to about 93,000 centipoises at
190°).

The preheated butane and sulfur

Figure’l. Hundred-Pound Unit for the Reaction of Aliphatic Hydrocarbons vapors were then sent through a

with Sulfur mixing nozzle to the reactor which
d . . : _ : : consisted of 27% chromium steel
in au™ur reservoir and sight glass: B, sulfur vaporizer-prehealer, with sulfur charge

LomiiP. . w»

reactor; D,thiophenereceiver,with quench tower, glass-wool filter® and caustic
1 “crjust beyond. The hydrocarbon storage tanks are located outside the building. T!he - -
rocarbon vaporizer-preheatcr lead bath is hidden from view beyond the control panel board. Ing size

(or other alloy) coils of 'vary-

immersed in a third
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lead bath. Thu reactor was changed at frequent intervals to
give different reaction times. Usually, turbulent flow was main-
tained in the reactor; when charging rates were changed, the
simultaneous change in pressure drop across the reactor resulted
in nearly the same reaction time. Thus a different size reactor
coil was. needed each time a different reaction time was desired.
The pressure drop across the reactor and auxiliary equipment
varied from about 1to 20 pounds gage, depending upon reactor
coil size and charging rates.

Temperature was measured by thermocouples in the lead
baths and in the transfer lines at the exits of preheatcrs and
reactor. The latter thermocouples were placed inside thermo-
wells, made by welding an 8-inch-long tube through a header
into a larger diameter section of the transfer line. Dimensions
of the tube and of the enlarged section were chosen to give
approximately the same annular space as cross section of the
transfer line. Temperature was controlled by Transtats on the
preheaters and a Micromax controller on the reactor.

Upon leaving the reactor, the reaction products were imme-
diately quenched with a water spray to a temperature where no
further reaction took placc, usually about 1200C. Quench water
was withdrawn from the side of the quench column near its
boiling point to minimize the solubility of hydrogen sulfide and
butadiene in the water. Shock cooling of the products, such as
is obtained with a quench, was found necessary to arrest the
reaction and to prevent undue degradation and coking.

Most of the tar formed was thrown down in the quench tower
and drained off the bottom periodically. Upon leaving the
quench tower, the gaseous products were passed through a
glass-wool filter to remove suspended tar mist. Tar was also
withdrawn periodically from the bottom of the filter. The
pressure drop across the filter was about 0.5 to 1.0 inch of mer-
cury.

The filtered product vapors were then sent to a countercurrent
caustic scrubber where hydrogen sulfide was removed. Hot
caustic was circulated through the tower from a reservoir. Fresh
make-up caustic was continuously pumped to the reservoir, and
the same amount of spent caustic removed from the bottom of
the scrubber. The pressure drop across the scrubber was about
1to 2 inches of mercury. The caustic was kept at about 70° C.

TO VENT

TO
STEAM TRAP
Figure 2.
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by a steam coil in the reservoir to keep the thiopheno from
condensing out.

The product stream, free of hydrogen sulfide and tar, was then
cooled to about 5°C. and sent to a gas separator where most of
the crude thiophene was thrown out. The remaining uncon-
densed gases were metered and sent to the vent stack in the
single-pass operation or in the recycle operation to a Frigidaire
SO2 compressor to be compressed to SO pounds per square inch.
The rate of compression was controlled by bleeding back to the
compressor intake the proper amount of compressed gases
through a metering valve. By this expedient the pressure 0l
the system at the intake to the compressor was maintained at
0.0 inch of mercury.

The main stream of compressed gases was sent first to an ail
separator and then through a water-cooled heat exchanger (for
liquefaction) to a liquid C4reservoir. Pressure Ol the reservoir
was maintained at 80 pounds per square inch by continuously
bleeding off through a metering valve the proper amount of light
gases formed as a result of degradation. The light gases were
metered and sent to the vent stack.

The liquid level in the C4 reservoir was kept constant by
metering the proper amount of C4recycle to the butane pre-
heater to repeat the cycle and by readjusting the fresh-feed
butane rate.

In making a run, data were not taken until the recycle stream
and recycle level in the reservoir had attained equilibrium
(usually in 1-2 hours). The run proper then lasted about 4-6
hours. Temperature and pressure readings were taken every
half hour. Sulfur, butane, and recycle rates were checked at the
same time. Hydrogen sulfide control analysis on the gases going
into the scrubber was made every 15 minutes. Samples of light
gas and recycle stream (or product gas if operation was single
pass) were withdrawal over the whole run for analysis. Material
balances werc obtained from charge data, from the above analy-
ses, and from the weights and analysis of the tar and crude thio-
phcne. The gaseous products and recycle stream were analyzed
by Podbielniak distillation and by infrared and mass spectro-
graphic examination; butadiene was determined by absorption
in malejc anhydride. The crude thiophene was analyzed by
fractionation through a packed column equivalent to twenty

WATER

I5fi CAUSTIC
SUPPLY

Flow Diagram of Unit for Reaction of Hydrocarbons with Sulfur
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theoretical plates. Ultimate analyses were made on the tar and
thiophene bottoms.  Figure 3 is a material-balance flow sheet of
atypical recycle run for the production of thiophene. Figures
land 5 are the material-balance flow sheets calculated from
single-pess runs for the operation where (a) butadiene and (b)
butadiene and butylene as well as thiophene are withdrawn as
wefl products.

No attempt was made to obtain sharp fractions in the separa-
tios by complicated fractionation equipment. As a result the
aucke thiophene contained some C< and the recycle C< contained
anelighter ends, as well as some thiophene and carbon disulfide,
ad the light blecd-ofl gases contained appreciable amounts of
Q@ These overlappings were taken into account in calculating
Vields.

EFFECT OF TIME AND TEMPERATURE

The relation of temperature range (450° to 760° C.) to reaction
time was studied. Other variables investigated were the effect
of changing the ratio of sulfur to hydrocarbon in the feed and
theeffect of pressure on the reaction.

The study was carried on in two parts—the single-pass opera-
tinand the recycle operation described above. In addition to
n-butane, other charge materials investigated were ?i-butenes
ad butadiene as well as Ci-Cs paraffins and certain selected
defirs from the group. Pure butadiene per se could not be used
because of its reactivity and secondary coking in the preheater.
However, mixtures of butadiene and butane, of butylene and
butane, and of all three wxre studied. Isobutane does not react
togive thiophene, but experiments showed that it is dchydrogen-
ded to isobutylene. Rather large amounts of isobutylene are
lost to secondary tar formation, however (Table I). n-Butane
refinery cuts usually contain minor amounts of isobutane and
sometimes small quantities of isopentane. The isobutane in
sell proportions is not detrimental, although it contributes
nothing useful to the process unless the isobutylene formed is
withdrawn—for example, by polymerization to di-isobutylene
with a suitable catalyst. The pentane contributes methyl-
thiophene to the final product which can be withdrawal as a
weful derivative.

The yield of thiophene per pass varies from 8 to 23 pounds
per 100 pounds of n-butane charged as the temperature is
changed from about 480° to 710° C., at a fixed ratio of sulfur to
hydrocarbon of 1.0 and a reaction time of 0.07 second (Figure 6,
cune I) and from O to about 45 pounds per 100 pounds of butane
charged as the weight ratio of sulfur to hydrocarbon charge is

Includes coke formed as a result of cracking

Tigure 3. Material Balance for Thiophene

and n-Bulane and Sulfur
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increased from 0 to 4.5 at a constant reaction temperature of
677° C. and reaction time of 0.07 second (Figure 7, curve 1).

For the reaction time of 0.07 second, the ultimate yield of
thiophene in the recycle operation increases as the reaction
temperature increases until it reaches a maximum at about
700° C.; then it falls off rapidly as a result of degradation and
carbon disulfide formation (Figure 6, curve I1). Similarly, the
sulfur-hydrocarbon ratio variable shows an optimum peak which
for a reaction time of 0.07 second at 677° C. is in the vicinity of
1to 2 (Figure 7, curve II).

From the shape of the two curves in Figure 7 it is obvious that
the ratio of sulfur to hydrocarbon charged may be varied over
wide limits. An increase in the proportion of sulfur at a fixed
temperature and reaction time increases the conversion per pass
to desired products. Too much sulfur, however, results in poor
efficiency of sulfur conversion per pass and at higher tempera-
tures tends to favor the formation of carbon disulfide. This is
the reason for the downward deflection of curve Il.  Too low a
proportion of sulfur, on the other hand, lowers the conversion
per pass and the ultimate yield duo to increased over-all degrada-
tion. Best results arc obtained with a weight ratio of sulfur
to hydrocarbon in the range 0.5 to 4.0; about 1.0 is preferred
for the recycle operation.

The consumption of sulfur—that is, pounds of sulfur charged
per pound of thiophene produced—is highest at the lowest

“includes coke formed os a result of cracking

Figure 4. Material Balance for Thiophene and
Butadiene from n-Butane and Sulfur

"includes coke formed as a result of crocking

Figure 5. Material Balance for Thiophene, Butylene,
and Butadiene from n-Butane and Sulfur
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reactants, since the specific heats of reactants are dif-

Table I. Results op Charging Hydrocarbons and Mixtures ferent (028 forszand 0.81 for butane at 670°C)

to the P“’"“_ _ Superheating sulfur well above reaction tempera-

approx. - otn ' ortivdrecar.  Products tures would be advantageous, both for supplying

Hydrocarbon Reaction Reaction  Hydrocarbon bon Charged and Yields6 part of the butane preheating load and thus minimiz-

Charged Temp., ° C. Time, Sec. in Charge per Pass per Pass ing Cracking and for Supplying part of the reactor

n-Butane 650 0.07 1.0 25.4 15.5 Cll«S ' ! .

2-Butene 650 007 1.0 . 537 287 ¢dIS heatload. Corrosion of alloy sulfur preheaters, hoa

Mixed 7i-butylenesi 652 0.07 Lo 538.3 27.2 C<Hes ever, increases perceptibly at temperatures above

ISJSJ/;&Sébutane ggé gg; e ;‘ig f42 é _C4Hc4<SH 7000 C. Preheating the sulfur for the purpose of
. . . . 1SO- S - - - - -

Propane 704 0.1 2.0 17.6 15.0 CjH8 dissociating the polymeric forms to S2 or Si does

Ethane 760 0.1 2.0 15.9 14.4 C2U4 H -

Propylene 704 01 50 3.9 55 €52 not seem to be a prerequisite for good reaction;

Ethylene 760 0.1 2.0 8.3 7.9 CSsj about the same yields are obtained with a sulfur

a Expressed as moles of hydrocarbon used to form the productindicated and degradation

products per mole charged, X 100.

b Expressed as moles of hydrocarbon charge converted to the product indicated per mole
The difference between columns 5 and 6 represents degradation to other
column 6 divided by column 5 in each case would

charged, X 100.
products than those indicated, chief!}' tar;
be an approximate calculated ultimate yield.

Figure 6. Effect of Variation of Reaction Tempera-
ture on Yield of Thiophene from n-Butane

Reaction time 0.07; ratio of sulfur to hydrocarbon 1.0

temperature for a given reaction time and decreases with increas-
ing temperature until conversion of sulfur to carbon disulfide
predominates (Figure 8). Part of the sulfur is recoverable. To
make 1.0 pound of thiophene requires 0.38 pound of sulfur to
make up the thiophene ring. Simultaneously, at optimum
conditions, about 0.10 pound of carbon disulfide is produced
which contains about 0.07 pound of sulfur. The balance of
sulfur charged, then, is theoretically recoverable by the pre-
viously mentioned process (Equation 4).

Table 11 shows the relation between reaction time and reaction
temperature; the yield of thiophene per pass can be kept essen-
tially constant as the temperature decreases by increasing the
reaction time. Ultimate yields (by calculation) are very close
too (about 70 pounds of thiophene per 100 pounds of butane
charged). For optimum conversion, then, the time of reaction
depends upon the temperature. At 704° C. the optimum time
was found to be about 0.07 second, at 480°, about 5.7 seconds.
Thus a change of 220° C. in this range of temperature requires
about an eighty fold change in reaction time.

It is evident that control of the reaction time at a given
temperature is critical. Too long a time at the upper range of
operating temperature causes severe cracking of the hydrocarbon
along with high conversion to carbon disulfide. Similarly, pre-
heating the butane too high or for too long a period causes undue
cracking. For this reason the butane preheating path was kept
as short as possible, and highly turbulent flow was maintained.

preheat of 700° as with 540° C. if the same reaction
temperature and time are maintained (runs4andq,
Table 111). The reactor heat load is greater in the
latter instance.

Unduly long reaction times at the lower raiige
of reaction temperatures cause excessive tar forma-
tion. On the other hand, too short a reaction time
results in too low a conversion per pass; hence for a given amount
of end product, a larger throughput of sulfur and a higher ratio
of hydrocarbon recycle must be used, which detracts from the
economics of the process. Runs 2 and 3 (Tabic I1l) represent ex-
amples of such unfavorable process conditions.

An increase in pressure on the reaction lowers the yield (runs
6 and 7, Tabic I1l); a threefold increase in pressure almost
halves the yield of thiophene from n-butane. The reaction,
therefore, is best run at atmospheric pressure or with enough
pressure to give the desired flow through the reactor and auxiliary
system.

PRODUCT DISTRIBUTION

In general, the more 'unsaturated the charge material, the
lower the temperature necessary to achieve a given yield of
thiophene per pass at a fixed reaction time and constant ratio
of sulfur to hydrocarbon (Table I) or, at a fixed temperature and

Weight Ratio, Sulfur-Butane

Figure 7. Effect of Varying Ratio of Sulfur
to Hydrocarbon on Yield of Thiophene from
ra-Butanc

Reaction time 0.07 second; rcnction temperature 677° C.

Tabte |l.
Temperature”

of Reaction Time with R eaction

Y ield

Variation

for Optimum of Thiophene from

«-Butane

Thiophene Yield, Lh./IOO Lb.

Butane Charged

Reaction Time, Reaction Temp.,
°C.

o Ultimate (cnlcd.)
In general, the butane was preheated to about 35° C. below 05e0c7 Per pass 116
. - . 70-1 18.4 .
and the sulfur to about 35° above the reaction temperature in 0.37 24 o 68.6
order to lean in the direction of lesser cracking in the butane i3 538 199 na

preheating step. Equally divergent preheating temperatures do
not result in convergence to reaction temperature upon mixing the

“ Ratio of sulfur to hydrocarbon held constant at 1.0.
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Temperature, °C.
Figure 8. Sulfur Consumption as a Function

of Temperature in Production of Thiophene
from ii-Butane

Reaction time 0.07 second; ratio of sulfur to hydro-
carbon 1.0

réaction time, the lower the ratio of sulfur to hydrocarbon for a
constant yield of thiophene. The optimum conversion per pass
issomewhat higher for butene and for mixtures of butadiene and
butane than for butane alone. Ultimate yields, too, are some-
whet higher, about 80 pounds of thiophene per 100 pounds of
>i-butene as compared to 70 pounds of thiophene per 100 pounds
df/j-butane (Figures 7 and 9). It is also possible to obtain much
higher yields of butadiene from butylene than from butane.
Foure 9 shows the distribution of products for the reaction of
2-butene with sulfur at 600° C. and 0.07 second.

The nature of the thiophene obtained from the processing of
n-butane is of unusual interest. Figure 10 shows the distillation
ane using a fifteen-theoretical-plate column for a typical
sanple of the stabilized crude. Only three components are found
inthe overhead in addition to a small amount of Cj coming off
initially—carbon disulfide, thiophene, and methylthiophene.
Mss spectrographic analysis of the thiophene cut shows the
presence of trace amounts of benzene (0.1 to 0.5 mol %), in
addition to bordering components. No other impurity has been
detected. Thus on a batch distillation using a fifteen-plate
oolum with a 15 to 1 reflux on transitions and a 5 to 1 reflux on
plateaus, 99+ % thiophene can readily be obtained. The physi-
a properties of a typical sample of constant-boiling thiophene

Figure 9. Distribution of Products from
Reaction of 2-Butene with Sulfur at 650° C.
for 0.07 Second

I. Ultimate thiopheneyield with recyclingofbuta-
diene and unreacted butene (calculated from
single-pass data)

JI. Thiophene yield per pass

HI* Ultimate butadiene yield with recycling of bu-
tenc (calculated from single-pass data)

IV. Butadiene yield per pass

V. Carbon disulfide yield per pass
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Tabte Il
Yield of Thiophene from m-Butane and Sulfur

E ffect of Varying Process Conditions on

S to Reaction Lb./100 Lb. Bu~

Reaction Preheat Reaction Hydro- Pressure, tane Charged

Run Temp., Temp, of Time, carbonin Lb./Sq. Per Ultimate

No. °C. S, C. Sec. Charge In. Gage pass (calcd.)
1 594 677 0.4 « 1.0 Atm. 18.8 68.6
2 538 675 0.4 1.1 Atm. 12.3 67.2
3 538 677 2.2 1.0 Atm. 24.6 52.1
4 567 706 0.3 1.0 Atm. 22.2 69.3
5 540 540 ‘0.4 0.9 Atm. 17.0 70.1
6 502 683 1.0 1.0 1.2 19.9 69.0
7 562 683 1.0 1.0 30.0 9.5 40.9

from such a distillation are: Cottrell boiling point (760 mm.)
84.0° C., df 1.0644, n2y 1.5289, freezing point -38.6° C. The
corresponding reported values (4) for 99.9+% thiophene are:
Cottrell boiling point (760 mm.) 84.12° C., d™ 1.0644, n2°
1.5287, freezing point —38.30° C.

Hydrocarbons lighter than Cj yielded only the corresponding
olefins and carbon disulfide. In general, the lighter the hydro-
carbon homolog, the higher the reaction temperature necessary
to achieve dehydrogenation, other things being constant. The
dehydrogenation of ethane to ethylene required a temperature of
about 760° C. for a reaction time of 0.1 second and a sulfur ratio
of 2 to 1 by weight to give a 15% yield. The reaction tempera-
ture under similar conditions and for similar yield of propylene
from propane was 704° C. A charge consisting of ethylene or
propylene and sulfur gave only carbon disulfide as the main

product. Table I gives examples of results obtained in charging
lighter than C<hydrocarbons to the process.

Higher  hydro-

carbon  homologs

than Ci give the
homologous olefin-
diolefin-alkyIthio-
phene * reaction.
The reaction of deg-
radation competes
more strongly, how-
ever, the higher the
molecular  weight
of hydrocarbon

Figure 10. Distillation Curve for charge. On  the

Stabilized Crude Thiophene at other hand, the
760 Mm. on a Fifteen-Plate Col- higher the molec-
umn, Using 15-1 Reflux on Transi- ular weight-, the

tions and 5-1 Reflux on Plateaus more readily is de-

hydrogenation with
sulfur achieved but also the more complicated is the reaction in
that complex sulfur compounds are formed in larger amounts.
Pentane and hexane have both been successfully used as charge
materials in the process to yield methylthiophene and dimethyl-
or ethylthiophene, respectively, as well as the corresponding
olefins and diolefins. The process where these materials are
charged in minor proportions, along with «.-butane, to yield a
mixture of products which can then be separated by fractionation
has also been successfully carried out. Further work on hydro-
carbons higher than Cj is being conducted in this laboratory.

CORROSION PROBLEMS

The superheating of sulfur vapor to temperatures in the
vicinity of 700° C. as well as the handling of high concentrations
of hydrogen sulfide at elevated temperatures have presented se-
vere corrosion problems. Extensive tests were conducted to
find corrosion-resistant alloys for the conditions used. Of the
conventional stainless steels, the high chromium type was found
to be superior to the chromium-nickel types. For this reason
27% chromium steel (low carbon, no nickel) was used extensively
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since it is available in tubing of all sizes and can readily be ma-
chined. High silicon steels, such as Duriron, were found to be
superior to high chromium steels, but they can only be cast and
are nonmachinable. A possible solution to the problem is
aluminum-coated or calorized steels, or aluminum-containing
steel alloys, perhaps also coated with aluminum. An alloy con-
taining 20% chromium and 2% aluminum was found to be
superior to 27% chromium steel. Aluminum-coated or calorized
steels (both carbon steels and alloys) were found to be more
corrosion resistant than any of the alloys just mentioned. The
problem in connection with the calorized or aluminum-coated
steels is to obtain a coating free of surface imperfections such as
slag or oxide inclusions or pinholes. If such defects arc present,
they invariably cause localized failures. Many failures of
aluminum-coated or calorized installations have been reported
in connection with other projects, probably largely traceable to
surface dcfects. Recent improvements in the method of apply-
ing the aluminum coat may decrease the frequency of such fail-
ures. The corrosion resistance of aluminum-coated articles is
probably due to a protective coating of aluminum sulfide initially
laid down on the aluminum-rich alloy, which is present on the
calorized articlc or which soon forms from the aluminum-coated
article as a result of diffusion of the aluminum into the parent
metal when the specimen is heated.
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Use of Hydrotropic Solutions
In Industry

RALPH H. MCKEE

Department of Chemical Engineering, Columbia University, Neiv York, N. V.

Hydrotropic solutions are better solvents than is com-
monly appreciated for slightly water-soluble inorganic
and organic solutes. They offer a new basis for organic
electrochemical reactions without the handicaps of vola-
tile organic solvents. Other reactions of strictly chemical
character procecd better than when ordinary solvents are
used; for example, a new process for paper pulp manu-
facture using a neutral sodium xylenesulfonate solution
gives excellent results.

YDROTROPIC solutions arc those aqueous salt solutions
H which effect decidedly greater solubility of slightly soluble
substances than does pure water at the same temperature (4).
This phenomenon is the reverse of the common salting-out effcct
following the addition of many electrolytes to aqueous solutions
of numerous solutes. These phenomena of increased solubility
were first noted by Neuberg (17) in 1916. This salting-in, as
opposed to salting-out, effect is shown best, by concentrated aque-
ous solutions of very soluble neutral salts of organic acids, with
organic substances as solutes which have a low solubility in water.
The phenomenon, however, is not confined to the field of aqueous
solutions of organic salts and organic solutes, but is found in the
inorganic field as well. It islargely independent of pH and seems
to be best explained by the theory of mixed solvents (8).
An example with which most are familiar is that strong solu-

tions of potassium iodide dissolve many times as much iodine as
docs pure water. Parsons (IS) showed that the solubility of
iodine for each molecule of potassium iodide depends upon the
concentration of potassium iodide solution used and may even
reach eight atoms of iodine for each potassium atom. Concen-
trated solutions of alkali iodides arc also excellent solvents for
many other solutes than iodine—for example, sulfur dioxide and
numerous organic substances. Por slightly soluble organic com
pounds an aqueous sodium xylenesulfonate solution is an excel-
lent solvent; for example, at 80° C., 60¢ram s Of nitrobenzene dis-
solve in 100 cc. of a concentrated (near saturation) solution of
this salt (13). Even cases of higher solubility are not rare.
Ethyl acetoacetate mixes in every ratio with an aqueous solution
of ammonium tliiocyanatfc saturated at 25° C.

Typical of these hydrotropic salts are the alkali or alkaline
earth salts of the sulfonates of toluene, xylene, or cymene, the
alkali benzoates, thioc3anates, and salicylates, and, for some com-
pounds (particularly inorganic), even such common salts as the
alkali bicarbonates, oxalates, and thiocyanates (8). The most
generally useful of these is sodium xylenesulfonate, because if is
both inexpensive and effective as a solvent.

Most hydrotropic solutions precipitate tlic-solute on dilution
with water; i.e., generally they show' hydrotropic phenomena
only when the hydrotropic salt is present in a ratio greater than
one part in about three of water. Industrially this fact pcrmi 3
the ready recovery of the hydrotropic solvent for re-use.
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ELECTROCHEMICAL REACTIONS

[nthe elcctroohcmical field these hydrotropic solutions provide
anewhbasis for organic electrochemical reactions.  This new type
dsolution has the following advantages over the customary alco-
hdor acetono solutions containing an acid or salt to make them
conductors:  Only low voltage is required, so that there is little
heating of the solution by electrolysis. There is no loss of solvent
duing electrolysis and hence no fire hazard, such as exists with
wolatile and flammable solvents. The choice of cathodes and
awndks is broad.  The solution can be operated at any pIT and
acither a continuous or batch process.  Yields of desired product
dftnexceed 90%, and current efficiency is ordinarily about 90%.
Tresolution can be used for either oxidation or reduction without
treformation of tars (3, 12, IS, 14).

*ORGANIC REACTIONS

Many organic reactions, the rates of which are greatly limited
bytheir two-phase nature, can be made to proceed rapidly by the.
weof such hydrotropic solvents. Typical reactions follow.

1 In Cannizzaro’s reaction benzaldehyde is emulsified with
catic soda (5.6 grams in 100 cc. of water) which, after standing
foraclay at 30° C., gives 4.9% of the theoretical yield of benzoic
add When a saturated sodium cymenesulfonate solution is sub-
stituted for most of the water, the yield is 72.5% (15).

2 Amyl chlorides are commercially hydrolyzed at 170° C.
with strong caustic soda solution and soap to give an emulsion.
If 10% caustic soda in a strong sodium xylenesulfonate solution
sused, a temperature of 130° C. serves equally well in the same
timeperiod (1,11).

3 When sodium cymenesulfonate is dissolved in aqueous
ammonia in which it is readily soluble, benzyl chloride is added,
adthe whole is kept at 40° C. for a few hours, crystals of tri-
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benzylaminc separate. Yield after 2 days is 76% of theoretical,
the balance being recovered, on dilution with water, as dibenzyl-
amine (1).

4. In coupling for the production of certain common dyes, as
Metanil Yellow or Orange 1V, a slightly soluble reactant such as
diphenylamine is required. Ordinarily tliis is dissolved in strong
sulfuric acid, and later this objectionable and deleterious solvent
has to be removed by neutralization. If diphenylamine is dis-
solved in a hydrotropic salt solvent and the diazotized metanilic
acid and caustic soda are added to it, brilliant yellow crystals of
Metanil Yellow separate in excellent yield (1). If sulfanilic
acid is used instead of metanilic acid, Orange IV is likewise ob-
tained in good yield (2).

Many substances which boil in a narrow range can be separated
by extraction with a hydrotropic salt solution in which one con-
stituent is more soluble than the other. Examples of such ex-
tractions follow.

1. When equal volumes of aniline and dimcthylaniline are
shaken with a calcium cymencsulfonate solution, the top layer
contains dimcthylaniline free from aniline, and the lower aqueous
layer contains the aniline, the hydrotropic salt, and about 5%
dimcthylaniline. When this lower layer is used for a new ex-
traction, no additional quantity of dimcthylaniline dissolves (4).

2. The tar acids can be extracted by hydrotropic solutions
from tars obtained by low and high temperature distillation of
coal and can be readily recovered; thus the use and expense of
caustic soda and its neutralization are avoided (6, 7).

Purification of many organic substances only slightly soluble
in water can readily be accomplished, without expensive or flam-
mable organic solvents, by the use of aqueous solutions of hydro-
tropic salts. Examples are the preparation of solutions near
boiling temperature in the hydrotropic solvent and cooling to
room temperature, whereby such acids as sulfanilic, salicylic,
and benzoic are readily purified. Calcium cymenesulfonate is
the hydrotropic salt used (4). Slightly soluble amines can like-
wise be recrystallized and the size of the crystals simultaneously
controlled (2).
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PULP PROCESS

The lignin and pentosans of wood are more soluble in solvents
than is the cellulose. A new and potentially less costly method
has been developed for making paper pulp by cooking wood,
bagasse, bamboo, etc., with hydrotropic solutions (5, 10, 19).
The most useful hydrotropic salts were found to be the alkali
salts of xylenesulfonic, cymenesulfonic, and benzoic acids. Of
these, sodium xylenesulfonate is the best and also the least ex-
pensive.

Since the solution used in the hydrotropic pulp process is neu-
tral, there is little or no degradation of the cellulose, and a high
yield as well as a high alpha-cellulose content of the pulp is ob-
tained. The lignin is also recoverable in a form essentially un-
changed from that in which it was present in the cellulosic ma-
terial (wood or bagasse) used.

In comparison, in the sulfite pulp process the action of the acid
cooking solution degrades a part of the cellulose and hydrolyzes
another part (about 10%) to sugar; the lignin removed is in the
form of a nearly useless calcium sulfonate salt and so is normally
discarded to the river. In the alkaline processes (soda and
kraft) the cellulose is even more degraded, and accordingly the
percentage of alpha-cellulose is the lowest of any of the chemi-
cally made pulps. The lignin, under the conditions of cooking
with alkali, is largely transformed into the sodium salts of useless
organic acids. These are generally burned for their fuel value and
to recover sodium carbonate for re-use in the plant.

Most of the work in the laboratory and pilot plant stages of
this process (Figure 1) was carried out with approximately neu-
tral 30 or 40% solutions of sadium xylenesulfonate. When
wood or bagasse is cooked with this solution, the same solution
can be used for six or seven cooks before being reworked or re-
covered for re-use. The limit to the re-use is when saturation
with lignin is approached (about 350 grams per liter of solution).

The recovery consists simply in adding water to reduce the
concentration of the hydrotropic salt from 30 or 40% to 10%,
filtering off the precipitated lignin, etc., and then evaporating the
filtrate to the concentration of the original solution. This re-
covered solution is just as effective as the original solution. In
laboratory experiments the same solution has been used for
seventy-two successive cooks with no loss of effectiveness.

The hydrotropic pulp process used on poplar wood at 150° C.
for 11 to 12 hours gave an almost theoretical yield of 52% cellu-
lose, as cempared with popular pulps by the sulfite (acid) process
of 47% or by the soda (alkaline) process of about 45%, all on the
over-dry basis. The resulting pulp.from different runs varied
from 89 to 93% alpha-cellulose content, and had a copper num-
ber of 1.9 to 2.3% and an ash content of about 0.01%. The
lignin recovery was somewhat over 20%. This lignin is light
brown in color and can be made into darker colored plastics of the
thermosetting type without the addition of any phenolic constit-
uents.

When the hydrotropic solutions are used with sugar cane ba-
gasse, excellent yields of strong cellulose pulp are obtained. The
quality of the pulp and its percentage recovery are the same as
when poplar, maple, or other broadleaf woods are used. Conif-
erous woods do not serve so satisfactorily.

Cooks of bagasse were made in a 15-gallon digester with the
liquor externally heated and circulated for 3 hours at 160° C.
Sodium xylenesulfonate cooking liquor was used. The brown
pulp was bleached by the customary acid and alkaline bleaching
steps; the resulting pulp, after being beaten for 50 minutes, was
made into sheets of approximately 40 pounds per ream weight
(500 sheets, 25 X 40 inches). Tests on these sheets gave the fol-
lowing results:

Freeness, Mullen Tearing
Paper Cc. Strength Resistance
Bagasse hydrotropic 154 25.1 15.5
Bagasse alkali process 15.3 6.7
Chemical wood pulp 11.5 8.0

Vol. 38, No. 4

For comparison, data are given for a wood pulp paper,
utilized by many magazines, and for an extra-strength bagasse
paper made by the alkali process and advocated for corrugated
board, all on the basis of 40 pounds per ream.

The yield of bagasse unbleached pulp is about 48%. Bleaching
reduces this to about 42%. This is a lower yield of bleached pulp
than is now obtained by chemical processes from wood. It is
much higher than has hitherto been obtained from whole bagasse,
and is to be compared with 30% given by the alkali'processes and
with 7% obtained by the nitric acid-alkali process. The alpha-
cellulose content of the bleached bagasse pulp is about 85%.

The hydrotropic process for making pulp from cellulosic ma-
terials is similar to the customary alkaline processes, but only
about one third as much evaporation is required. There are no
furnace or causticizing steps and there are many other minor ad-
vantages. The oidy losses of chemical'solution are mechanical
losses such as pulp leaks and in wash water, whereas furmace

.losses alone in mills using either of the alkali processes normally

exceed 10% of the chemicals used per cycle. Mechanical losses
in these mills approximate 1 to 2%. As a result of the steps
omitted, the mill installation cost will be about one third less
than for a soda or kraft mill of the same daily tonnage.

INORGANIC REACTIONS

The use of hydrotropic solutions is not limited to the organic
field, although their greatest use will probably be in the organic
industries. Beryllium oxide or hydroxide is readily soluble in a
number of hydrotropic solutions—e.g., sodium salicylate, beryl-
lium sulfate or nitrate, sodium bicarbonate, or ammonium oxa-
late. A new method, which depends on the use of hydrotropic
solutions, has been developed for the extraction of beryllium oxide
from beryl ore (9, 20).

The solubilities of many slightly soluble inorganic compounds
are increased ten to a thousand times when an aqueous hydro-
tropic salt solution is used instead of water—e.g., calcium sulfate,
calcium carbonate, sulfur dioxide, iodine (16). Depending o
this phenomenon, a method of removing gypsum (or anhydrite)
scale from boilers or evaporators was worked out, using a neutral
hydrotropic salt solution (16).

These hydrotropic solvents for slightly water-soluble solutes
offer new industrial possibilities because of their inexpensive
aqueous base, ready recovery for re-use, absence of fire risk, so-
vent character independent of pH, and high electrical conduct-
ance. It iseasy to foresee many industrial applications in organio
electrochemical reactions, in the preparation of dyes, in the pun-
fication of organic compounds, in the manufacture of paper pulp
from bagasse and deciduous wood, and in other industries.
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Defecation of Refinery Sirups

PHOSPHORIC ACID AND LIME AS PIPE LINE DEFECANTS

GORDON G. HALVORSEN AND A. R. BOLLAERT
The Dicalite Company, 120 Wall Street, New York, A. V.

Pressure filtration of phosphoric acid-lime defecated re-
firry sirups using diatomaceous filter aids is now possible
ith pipe line defecation. Acid and lime arc introduced
inthe pipe line between the pump and filler, and thus form
(ie floe beyond the point where it would be damaged.
Addition of phosphoric acid first, followed by the lime
slurry, shows best results on cycle lengths, clarity of fil-
trate, color, and lime salt removal. Previously pressure
filtration of the phosphate iloc has met with little success
oningto the comminution of the floe by centrifugal pump
action. Poor-clarity liquor and decreased flow rates have
benindicated by refinery and laboratory tests where the
fiepasses through the pump. Selection of filter aid for
percentage of defecant is discussed. Past and recent in-
vestigations on phosphate defecation have shown the de-
sirability of using this treatment; however, in the modern
refinery this has been accomplished only by considerable
initial outlay of equipment. The method described re-
tires little change in filter station layout.

E introduction in 1914-15 of diatomaceous filter aids and
T;ressure filters replaced the bag filter and opened a new era
Wthe clarification of cane sugar sirups. Phosphoric acid-defe-
caedsirups could not be successfully filtered with the filter aid
available at that time; consequently, this defecant was discon-
tined in favor of diatomaceous earth clarification. More uni-
fomprocessing resulted, together with cleaner and more com-
pedt filter stations:  In recent years the trend has been toward
tre return of phosphate defecation (5). The increased load
placed on the char house by difficultly refined raw sugars has
casd the refiner to investigate new processes. Phosphate defe-
cation offers a solution for these sugars, provided the liquors
en be readily filtered. The interest of refiners in phosphate

Graduated Cylinder for Acid or
Lime Addition

defecation has been prompted by the scarcity and high cost of
mbone char plus the increasing prevalence of difficulty in refining
raw sugars.

Progress in the use of phosphate defecation has been made—
for example, the use of Dicalite Speedcx in combination with
phosphoric acid and lime on pressure filters and the Williamson
and Jacobs clarifying systems. The advantages and disadvan-
tages have been shown by Brown and Bemis (1). Other methods
which have been reported successful are filtration of the phos-
phate floe (4) at low pressures (5-7 pounds) and filtration with
cord filters operated by vacuum (8).

Many investigators have shown the advantages of the phos-
phoric acid-lime treatment in the removal of coloring matter
and the elimination of gums, albumins, and other colloids.
Spencer (6, 7) states: “Experience has shown that between 20 and
40 per cent of the total color of the melt liquor is removed by
phosphoric acid, which means that the boneblack required for
decolorization will be from 40-00 per cent less than with un-
treated liquors.” Phosphoric acid-lime treatment removes up
to 40% coloring material and 25% of the ash constituents (1).

Use of diatomaceous filter aids in conjunction with phosphoric
acid and lime has been proposed (3, 4) and used with varying de-
grees of success. Laboratory tests using air pressure as the driv-
ing force give excellent results; however, high-speed centrifugal
pumps have exceedingly deleterious effects upon the fioc. Poor-
clarity liquors and short cycles result from the breakdown of the
floe by centrifugal pumps. The effect of centrifugal pump action
has been demonstrated in several refinery tests and is shown in
this article together with centrifugal pump tests made in the
laboratory.

The success of filtering phosphate-defecated liquors depends
largely upon the avoidance of breakdown of the calcium phos-
phate floe through mechanical action. Recent laboratory tests
have shown that it is possible to introduce the acid and lime be-

Compressed Air

5 = 0 = [/

Air Regulator
Manometer for
Maintaining Constant
Flowrate

grY///IIM 7

Orifice

Mixing Chamber

Figure 1.

Laboratory Setup for Phosphate Floe Filtration Tests
385



386 INDUSTRIAL AND ENGINEERING CHEMISTRY

Figure 2. Clarity Curve for Washed

Haw Sugar 281

yond the pump and thus defecate in the pipe line in which the
unfiltercd liquor (lows to the presses. The availability of several
types of metering and proportioning devices and also pH con-
trol systems make it possible for the refiner to install this method
of treatment with little change in press room layout.

FILTRATION STUDIES

A stainless steel plate-and-frame filter press was used which
had a filtering area of 77.8 square inches. Lime or acid was added
in the line after the pump, or the floe was pumped through the
pump, depending upon tho tests being run. The contact time
between chemical treatment and actual filtration was 7 minutes
for all tests, since this time period is comparable to refinery
operation. Earlier laboratory tests had shown that the color
removal is practically instantaneous. There was no observed
difference in color removal over a wide range of contact time (10
seconds to 240 minutes). In all tests washed raw sugar liquor
(00° Brix) was used. Precoals of 10 pounds per 100 square feet
were applied at 1.0 pound per square inch pressure. The filtra-
tion temperature was maintained at 170° F- for all tesls. New
filter cloths (Filter Media Corporation, No. 074-00), previously
washed free of starch, were used for each test. Figure | is a
diagram of the laboratory setup used for filtration tests. Con-
stant rate filtrations were made in all tests at 100 ml. per minute,

O 10 20

Percent Bleach or Color Removal

Color Removal Curve for Washed
Raw Sugar 281

Figure

Vol. 38, N\o. 4

equivalent to 2.04 gallons per square foot per hour. The gde
length when 00 pounds pressure was reached was tho criterion
for rating the performance. For'comparison, cycle lengths ad
clarity determinations were made on the washed raw sugar liquor
using 0.3% Speedflow based on tho solids and a Dicalite Super-
aid precoat of 10 pounds per 100 square feet. Tho Beckman In-
dustrial Model pH meter was used with the hot electrodes; pH
determinations were made at 170° F., and the liquor was con
trolled at G.8-7.0 for filtration tests.

Turbidity and color removal determinations wero made in
the llolven-Gillett phototyndallmotcr. Clarity determinations
were made on each 10-minuto increment of flow. The percent-
age of clarity reported represents the amount of turbidity re-
moved from the unfill cred sugar liquor.

Clarity standards were prepared by mixing 100% with 0%
clarity liquor in definite percentages. The 100% clarity liquor
is prepared by clarifying with Dicalite laboratory filter aid the
00° Brix, washed, raw sugar liquor to the lowest attainable in-
strument reading. The 0% clarity liquor is the same sugar
liquor strained through an 80-mesh screen, which elim
inates oidy fibers and other coarse material. Figure 2 is a plot
of instrument readings against clarity on the standard clarity
samples for sugar 2S1.

Color removal standards were made by mixing 100% clarified,
00° Brix, washed raw sugar and 00° Brix, white refined sugar
showing the same degree of transmission as distilled weter.
Figure 3isa bleach or color removal curve for sugar 281.

It, is well recognized that turbidity interferes with color deter-
minations and color interferes with turbidity determinations. A
curve (Figure 4) on sugar 281 allows the interpolation of color re-
moval to 100% clarity and the clarify to 0% color removal so&s
to have both readings on a comparative basis. Similar curves
were used for the other sugars tested.

Lime salts were determined by the soap method (2) to givean
indication of the percentage removal of these constituents.

REFINEItY TESTS WITH FLOC THROUGH PUMP

During the past two years refinery tests have been conducted
with diatomaceous filter aids in conjunction with phosphoric
acid-lime defecation. In every case the liquor showed poor
clarity when the filter press was changed from gravity flow to the
centrifugal pump. Tests using 0.02% P2 5and 0.5% Speed«:
gave the excellent color removal of 50% and the exceptional
clarity of 99% while on gravity feed. Tho clarity of tho liquor
immediately dropped to 81-S2% after passing through the

Table |I. Effect on Turbidity of Changing Filter Press

from Gravity Flow to Centrifugal Pump

(Flowrate constant at 2.9 gal./sq. ft./hr., 170° F., limed to pH 7.1, washed
raw sugar liquor)

Color
Pressure, Elapsed Clarity, Rem&val.
1.b./Sq. In. Time, Min. % 0
0.02% P.Os + 0.5% Gravity 99 X
Speedex, Speedex Gravity 99
precoat 15 (pump on) 99
30 86
40 84
50 . 84
cO 82
0.01% P=0i + 0.3% Gravity 89
Speedex, Speedex Gravity %
precoat 15 (pump on)
30 L
40 82.5
50 82.5
0.5% Speedflow, Gravity 96 None
superaid precoat; Gravity 96
plant operation at 15 (pump on) 97.5
time of tests 30 97
40 97
50 97.5
[00] 9s
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wirifugal puni]). The same
dials were apparent with
bPD 6and 0.3% Speedex.
Tdidgivesresults of the tests.
Sree the refiner was unable
wue phosphate treatment
as result of the poor clarifica-
timand short cycles obtained
tren the iloc passed through
irc pump,’ this study was
nak to determine (a) filtera-
hiity of iloc when formed in
Icline between pump and
fiter, (6) effect of the order of
diemicd addition, and (c)
ddeof filter aid for percent-
ieof P.04 used.

PHOSPHATE FLOC TESTS

Flocthrough Pump. T€sts
we first made «to establish
whether the laboratory equip-
nat gave results comparable
tothose in the refinery. Labo-
rday tests (Table 11-/1) on
09%6Speedex and 0.02% p 20s
dow the drop in clarity as
tre pressure increases. This
s more pronounced when
D01% P 2 6 iS used with 0.3%
Tpeedex.  Tests were also made
sing Special Speedflow which
lesa higher clarifying capacity
ad a flow rate 40% of
Speeckx

Formation of F loc in Line
between Pump and Filter.
Treplant tests suggested that
satisfactory results could be ob-
tainedif the calcium phosphate
8rwaes not subjected to pump
adion. By adding both chemi-
as after the pump, the floc

«ould not be broken down and filtration would, in effect, be com-
parable to the conditions found with gravity flow. Results on
foming the floc in the line between the pump and filter, adding
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Tabte Il. Effect of Place and Order of Adding Chemicals on Cycle Length and Clarity
of Washed Raw Sugar 281

., 0.01% PjQi, 0.0075% P.Oi,
Standard Test, 0.02% PaOj, 0.01% PiOs, 0.5% Special 0.3% Special
Elapsed 0.3% Speedflow 0.5% Speedex 0.3% Speedex Speedflow Speedflow
Time, Pressure, Pressure, Cl, Pressure, Cl, Pressure, Cl, Pressure, Cl,
Minutes  Ib./sq. in. Ib./sq. in. % Ib./sq. in % Ib./sq. in % Ib./sq.in. %
A Floc Passed through Pump
10 1 96.1 2 98.3 0.5 94.0 1.5 97.0 1.0 90.3
20 2.5 97.0 7 98.7 1.0 94.5 4.0 98.0 4.5 90.5
30 4.5 97.2 13 98.8 3.0 92.3 7.0 96.0 7.5 9G.9
40 7.% 97.5 20 94.0 4.5 91.1 11.5 90.0 12.0 96.9 «
50 11 97.5 27.5 90.2 0.5 90.4 18.0 90.G 18.0 97.0
[ce) 15.5 97.0 37.0 90 9.5 88.0 24.5 94.0 25.0 95.2
70 20.0 97.0 40.5 89.2 12.5 88.7 32.0 94.5 33.0 94.7
80 25.5 97.0 55.5 87.3 16.0 88.0 40.0 93.3 42.0 92.8
90 31.5 97.8 00.0 85.4 20.5 88.4 49.5 93.0 52.5 92.5
100 37.5 97.9 25.0 87.2 60 92.0 60.0 91.4
110 435 98.0 30.0 87.2
120 50 98.0 30.0 86.8
130 57 98.3 42.5 80.5
%gg 00 99.0 49 84.3
. 84.1
100 666 84.1
Cycle length,
min, 135 85 152 100 9G
Flow, % . of
standard 100 03 112 74 71
Av. % clarity 97.6 92.4 88.0 95.2 95.0
% color removal None 40 35 35 28
pH 0.8 0.8-7.0 0.8-7.0 0.8--7.0 0.8-7.0
Precoat, 10 Ib./
100 sq. ft. Superaid Speedex Speedex Special Speedflow  Special Speedflow
B. Length Floc Formed beyond Pump Phosphoric Acid Added First, Lime Slurry Second
10 1 90.1 1 95.8 1.0 96.0 0.5 90.0 1.0 90.1
20 2.5 97.0 2.5 97.5 2.5 97.1 1.0 98.5 2.5 98.3
30 4.5 97.2 5.0 98.5 5.0 99.2 1.5 99.4 4.5 99.4
40 7.% 97.5 8.0 98.9 8.0 99.5 3.5 99.4 7.0 99.5
50 11 97.5 12.5 99.4 11.5 99.8 0.0 99.5 110  99.4
00 15.5 97.0 17.5 99.5 15.5 98.0 9.0 99.5 15.5 99.4
70 20.0 97.0 22.0 99.4 20.0 98.6 13.0 99.4 20.0 99.2
80 25.5 97.0 27.0 99.4 25.0 98.6 18.0 99.3 25.5 99.3
90 31.5 97.8 33.5 99.4 31.0 97.0 23.0 99.4 32.0 99.4
100 37.5 97.9 39.0 99.0 30.5 96.4 27.0 99.5 38.0 99.5
110 43.5 98.0 45.5 99.5 42.5 90.0 33.0 99.5 44.5 99.5
120 50.0 98.0 52.5 99.4 49.0 gg% 43128 ggg 51.0 gg%
130 57.0 98.3 57.0 99.4 . . . . . .
140 60.0 99.0 00.0 993 888 93.2 52.0 99.5 688 99.2
150 60.0 99.5
Cycle length,
min. 35 132 137 150 134
Flow, % of
standard 100 98 m 99
Av. % clarity 97.0 98.9 97.0 99.2 99.0
% color removal Non 46 35 35 28
pH 6. 6.8-7.0 0.8-7.0 6.8-7.0 6.8-7.0
Precoat, 10 Ib./ . .
100 s[], ft. Superaid Speedex Speedex Special Speedflow  Special Speedflow

Table IIl. E ffect on Cycle Length and Clarity of Floc Formation

Beyond Pump with Lime Slurry Added First,

Standard Test,

0.3% Speed
Elapsed ___Speedflow
Time, Pressure, C|,
Minutes Ib./sq in. O
B 1 9G.1
2.5 7
28 4.5 97.2
7 97.5
E&% n 97.5
5 97.G
70 56 97.0
80 25.5 97.0
31.5 97.8
37.5 97.9
88
98
130 57 98.3
110 99
Cycle length, min. 135
Av A% oi standard 100
clarity 97.0
">wlor removal None
6.8
] { o
&I’ 10 1b'/10 Superaid

0.02% PjOs,
0.5% Speedex

Pressure, CIl, Pressure, Cl,
Ib./sq.in. % Ib./sq.in. %
94.9 0.5 91.5
90.3 2.5
90.7 %
97.1 94.0
97.2 11.5 94
97.4 .5 93.7
97.4 93
97.4 24 91
97.6 30.5 90
97.5 37 89.2
97.5 43 89
49 88.7
54.5 87.5
[ce} 87
117 140
S7 104
97.0 91.3
42 32
0.8-7.0 6.8-7.0
Speedex Speedex

0.01% PaOs,
0.3%Specdcx_

94.G
94.G

Phosphoric Acid Second

0.01% PsOs,
0.5% Dicalite

Special Speedflow

Pressure, Cl,
Ib.'/sq. in. %

95

9G.8
96.8
90.9
97

97

97.2
97.2
97.4
97.5
97.0
97.8
97.8
97.7

139

103

97.1

32
6.8-7.0

o oo @
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Special Speedflow

phosphoric acid first and then lime, on washed sugar 281 gave ex-
cellent clarities and cycle lengths approximating the standard
treatment when the correct grade of filter aid was used.

The filtration of this sugar liquor by the
standard treatment showed clarities of 96.1-
99.0%, averaging 97.6% for the total through-
put. Using 0.5% Speedex with 0.02% PG
the clarities ranged from 95.8-99.6, averaging
98.9%, for the throughput with a cycle length
98% of standard. Tests run on 0.3% Speedex
and 0.01% P25 or less did not give the
high degree of clarity desired. It was found
necessary to use 0.5% Special Speedflow with
0.01% P20s to obtain clarities averaging 99.0%.
Using Special Speedflow filter aid with less
than 0.01% P26 desired clarities and flow
rates were obtained by adjusting the percentage
of filter aid (Table 11-B).

Order of Adding Chemicals. INn a series
of tests to establish the best order of
chcmical addition, lime was added first to
the sugar liquor followed by acid. The results
(Table 111) show poorer filtration rates and
slightly lower clarities than when acid is added
first.
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Clarity Reading — m.a.

Figure 4. Clarity-Color Relation for Washed
Raw Sugar 281

The following data indicate the effect of pH on color at several
pH levels (compared to original 100% clarified sugar at pH 6.8):

I Color Removal

HPO4first, Ca(OH)j first,
pH Ca(OH)j second HsPOi second
6.8 46 a1
7.3 40 35
7.7 36 34

The results of these tests on the order of chemical addition indi-
cate the desirability of adding the acid first from the color re-
moval standpoint.

Lime salts determined by the soap method (2) on the filtrates
also show that the addition of acid followed by lime gives best
results:

% Lime Salts as CaO

Filtered sugar, no P205 0.198
0.02% P205first, Ca(OH)i second 0.148
Ca(OH)2 first, 0.02% P205second 0.175

This study demonstrated that longer cycles, better clarities,
higher color removal, and lower lime salts arc obtained by add-
ing the acid first and then the lime slurry.

CHOICE OF FILTER AID

Vol. 38, No. 4

0.002-0.01%. These results were not substantiated in this
laboratory.

Filter aids of the Speedex type havo a different surface condi-
tion and, since they are also more efficient than Special Specd-
flow, do not retain the floe unless there is a sufficient quantity
of floe present. For percentages of P26 less than 0.02%

Special Speedflow is recommended.

COMPARISON OF WASHED RAW SUGARS

Table V summarizes tests on two different washed sugars.
The results on No. 279, a more easily filtered but darker sugar
than No. 281, show cycle lengths 78% of tiie standard, wsing
0.5% Speedex and 0.02% P"Os with 40% color removal. With
0.01% P2 6and 0.5% Special Specdflow, the cycle length is 91%
of the standard, with 28% color removal. The clarities on both
these tests arc better than the standard.

Tests on No. 298, an easily filtered, light colored, washed raw
sugar, show 72%. cycle length of the standard with 0.5%
Speedex and 0.02% P2D6& The color removal was 52%. A
cycle length 83% of the standard with 39% color removal wes
obtained, using 0.5% Special Speedflow and 0.01% P&

These tests indicate that the length of the filtration cycle &
compared to the standard depends on the filterability of the
washed raw sugar. For example, on difficultly filtered sugar
281, the cycle length for the standard was 135 minutes, and
with 0.5% Speedex and 0.02% P2 6 the cycle length was 13
minutes, or 98% of the standard. With the more essily
filtered sugar 279, the cycle length was 193 minutes for the
standard, and for the 0.5% Speedex-0.02% P2 5treatment the
cycle length was 150 minutes or 78% of standard.

In the laboratory tests the acid or lime was added QO the
suction side of the pump, and the floe was formed by addi-
tion of lime or acid (depending on the order of chemical
addition) on the discharge side of the pump. It would be
more feasible for the refinery to add both chemicals, acid firs,
on the discharge side of the pump. If the pump was mede
of suitable material to resist the acid condition, the acid could
be added on the suction side.

Refinery tests are now in progress on this method of defeca-
tion; the results are not complete, but show considerable prom-
ise and substantiate the laboratory findings. Tests have aso
been run on affiliation sirups with excellent results.

A ; o Tabte IV. Performance Effect of Speedex and Special Speedflow
It_ Wa.S discovered in the early part Of this in- at Various Percentages of P20 50n Sugar 281
vestigation that poor clarities were obtained when Cycle Flow
i 0, P 205, Precoat % Liquor Length, % of Av. %
Speedex was used with less than _(_J'OZA’ PDS % Filter Aid Filter Aid Min. standard Clarity
Repeated tests have shown that positive clarifica- None  Superaid 0.3 Speedfiow 135 100 97.6
tion is not obtained if the balance between the 0.02  speedex 0.5 Speedex 132 98 98.9
0.015  Speedex 0.5 Speedex 146 108 97.2
amount of phosphate defecant and the grade or 0.01 Speedex 0.5 Speedex 182 140 8;8
- R f f 0.01 Speedex 0.3 Speedex 137 101 .
type of filter aid is |ncor_rect. Thc_a te_sts Ilsteq in 00075 Speedex 0.3 Speedex 168 125 gglg
Table [V were run by adding the acid firstand lime G, gecespectfon 83 e pecdiey @0 w89
last to form the floe beyond the pump. The results '
show' that Speedex gives unsatisfactory perform-
ance with less than 0.02% P25 These tests in- Table V. Comparison7 Tests on Sugars 279 and 298 (F1oc Formed
dicate further that the clarities of the liquor are BEYOND Pu.MP, AciD FIRST, LIME SECOND)
inferior to those obtained by standard filtration vl propugarzme cvele F1 Sugar 298
N - cle ow, olor ow,
with Speedflow, or with 0.02% P20s plus 0.5% .enygm” %of Av. % removal ,enygctﬁ'_ % of AV. % rem;}val.
Speedex. The clarities on these quuors would not Treatment min. standard Clarity % min. standard clarity 0
- - - 0.3% Speedflow;
be gcceptable for reflnery operations. With superaid precoat 193 100 97.9 None 325 100 97.7 None
Special Speedflow and lower percentages of P05 °~032p°{e°e dZ'xc-)s’s;?ézufex -
excellent clarities are obtained and the cycle prccoatz(') 150 78 99.3 40 235 72 99.2 52
. - - - 0.01% P , 0.5%
lengths are acceptable. An earlier investigation spé’cm Sspeed"_
H 3 H imi H H flow; Special
(S) with a filter aid similar to Speedex indicated Specdflow precoat 175 o1 994 »8 270 83 994 39

that this type can handle P25 percentages of
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Vapor-Liquid Equilibria in Three
Hydrogen-Paraffin Systems

M R. DEAN AND J. W. TOOKE

Thesolubilities of hydrogen in isobutane were determined
(ortemperatures from 100° to 250° F. and pressures from
3Dto 3000 pounds per square inch. Solubilities in 2,2,4-
trinicthylpentanc were found for temperatures from 100°
10302.5° and in a mixture of isomeric dodecanes for 200°
and300° F. with pressures ranging from 500 to 5000 pounds
per square inch. The compositions of the equilibrium
vapor phases were also determined. The solubility of
hydrogen increases with'tem perature and pressure but de-
creases as the solvent molecular weight increases. The
solubility of hydrogen follows Henry’s law only in isobu-
tane at 150° F. and lower. The hydrogen solubilities in
the two heavier hydrocarbons increase more rapidly with
pressureat low pressures than at high pressures. Correla-
tion with literature data shows that hydrogen is more
soluble in paraffins than in aromatics of similar molec-
ular weight. Vaporization equilibrium constants are
computed from the data for both solventand solute. The
constants vary widely with pressure and to a lesser extent
"ith temperature. The constant for hydrogen increases
"ith an increase in solvent molecular weight.

E solubility of hydrogen at high pressures in several pure
hydrocarbons was reported by Frolich (2) for 77° F. and up
to 100 atmospheres, by Ipatieff (S) at higher temperatures for
several petroleum fractions, and by Ipatieff (4) in several pure
arometic hydrocarbons. More recently solubilities to 106 at-
mospheres in n-butane were reported by Nelson (7). In none
of these investigations was a comprehensive study of the com-
position of the equilibrium vapor phase made. Nelson, how-
evr, did present some data on the vapor phase.

The purpose of this work was to determine the solubility of
Mrogcn in a narrow-boiling mixture of isomeric dodecanes and
In two relatively pure hydrocarbons—isobutane and 2,2,4-tri-
tnethylpent.ane—for a range of temperature and pressure. In
addition, the compositions of the equilibrium vapor phases were
t0be found, and a study made of the vaporization equilibrium
constants of the components and the effect of temperature and
Pressure on these values.

The hydrogen used was the commercial electrolytic water-
Pumped grade. The impurity, oxygen, was less than 0.2%.
VM yapor was removed by contacting with anhydrous cal-
dun $>ifate.  The isobutane, with a tested purity of 99.5%,

Phillips Petroleum Company, liarllesi‘ille, Okla.

was obtained from the Phillips Petroleum Company. The
major portion of the impurity was «-butane. The iso-octane,
obtained from Rohm & Haas Company, was considered to be
essentially pure 2,2,4-trimethylpentane. The physical proper-
ties were determined by the National Bureau of Standards:

Boiling Sp. Gr., Refractive Mol.
Point, OF. dl° Index, N~ Weight
2,2,4-Trimethylperitane 210.5° 0.6919a 1.3915° 114.227~
Isomeric dodecane mixt. 350-2e 0.750e 1.4227e 170e

° Determined by National Bureau of Standards.
& Calculated. e Experimental.

The mixture of isomeric dodecanes was specially prepared for
this work by polymerizing isobutylene, hydrogenating the re-
sulting product, and fractionating in a Vr-inch i.d. column, 36
inches long and packed with Vi-inch glass helices. A cut boil-
ing between 350° and 352° F. was collected for use in this work.
The particular combination of polymerization and fractionation
was believed to have yielded a product which was a mixture of
isomeric dodecanes. This final product will be referred to as
dodecanes. The determined physical properties of the dodecanes
are also listed in the table. The molecular weight was obtained
by a method utilizing the principle of the freezing-point lowering
of benzene.

Vapor pressures of the hydrocarbons are useful in the correla-
tions of experimental data. The vapor pressures of isobutane
and 2,2,4-trimethylpentane were determined up to their critical
temperatures by Sage (8) and Smith (5), respectively. Since
comparable data for the dodecanes were lacking, the vapor pres-
sure curve was determined to 300° F. The apparatus used waS
based on the principle of balancing a column of mercury against
the vapor pressure of the air-free hydrocarbon confined in a 11-
tube over mercury. The technique was developed by measuring
the vapor pressure of our iso-octane and comparing results with
values by Smith. Bridgeman (1) described this type of ap-
paratus in detail.

The dodecanes vapor pressures are believed to be in error by no
more than +0.02 pound per square inch at the higher tempera-
tures and less at the lower temperatures:

Vapor Pressure, Vapor Pressure,

Temp., OF. Lb./Sq. In. Abs. Temp., OF. Lb./Sq. In. Abs.
32.0 . 228.7 2.00
77.0 88.1 233.6 2.15
173.7 0.G7 297.1 6.49
200.0 1.04 300.0 6.52



390 INDUSTRIAL AND ENGINEERING CHEMISTRY

APPARATUS

The experimental work on the hydrogen-isobutane system
was carried out in the apparatus described by Katz (5). Some
difficulty was experienced with that style of equilibrium cell due
to the difficulty of making a seal for the lead-in wire to the elec-
tric stirring motor which would hold hydrogen at high pressures
and temperatures. In addition, the nonlubricating atmosphere
in which the motor had to operate made its proper lubrication
impossible. The consequent low operating speeds resulted in
extreme time requirements for obtaining equilibrium between
the vapor and liquid phases.

EQUILIBRIUM CELL

ROCKING MOTOR

CRANK ARM

INSULATED OIL-FILLED BATH
LIQUID-PHASE SAMPLING VALVE
VAPOR-PHASE SAMPLING VALVE

MERCURY-FILLED LINE TO
PRESSURE GAGES

®©mn Mmoo ®>»

Figure 1. Diagram of Equilibrium Apparatus

The hydrogen-iso-oetane and hydrogen-dodecanes systems
were tested in an equilibrium cell mounted in an oil-filled bath
in which it was rocked at 30 cycles a minute. Figure 1is a dia-
gram of the cell and bath. The cell was circular in cross section
with hemispherical ends and approximately 700 ml. in capacity.
A coil of Vs-inch steel tubing was connected into the bottom of
the cell and led to pressure gages through a manifold. At the
upper end of the cell one valve was attached with an induction
tube for withdrawing liquid-phase samples. Another valve was
provided for taking vapor-phase samples. The cell was rocked
by a crank arm powered by an electric motor. The crank arm
linkage was designed to cause the cell to rock to an angle 30°
above and below the horizontal. The crank arm was detachable
from the motor in order that the cell could be placed in a vertical
position for sampling the phases. The rocking equilibrium cell
allowed equilibrium of the phases to be attained quickly.

The two gages were Bourdon-tube type of 1000 and 5000
pound capacities and graduated in divisions of 1% of the ca-
pacity, and the pressures were read to 0.2% of capacity. The
gages were calibrated with a dead-weight tester before work was
begun and at intervals during the work. In recording the pres-
sure in the equilibrium cell, appropriate correction was made for
the head of mercury to the gage.

The volume of the cell was adjusted as required by the intro-
duction or withdrawal of mercury through the steel tubing with
a hand-operated piston pump. The temperature of the oil bath

Vol. 33, No 4

was measured with mercury-in-glass thermometers with 0.2* F.
divisions and calibrated against thermometers of the same tyix;
having a Bureau of Standards certificate. Bath temperatures
were held constantto +0.2° F.

Special glass traps and calibrated glass balloons were provided
for handling and analyzing the phase samples. In the work an
the hydrogen-isobutane system a Podbielniak-type lowtempcra-
ture fractionating column was also used, together with the usual
Orsat apparatus for hydrogen analysis.

PROCEDURE

The first step in preparing for an experiment was to evacuatc
the equilibrium cell with a vacuum pump to a pressure less than |
mm. mercury. Three to four hundred milliliters of the desired
hydrocarbon were pressured in. Sufficient hydrogen was then
pressured in until the pressure in the cell was somewhat higher
than the planned equilibrium pressure for the experiment. Agita-
tion of the contents was begun, either by stirring if the station-
ary cell were used, or by rocking the cell in the case of the second
unit. The temperature was adjusted to the desired value am
agitation of the cell contents continued until the pressure ke
came constant. Since the .pressure was higher than desired,
portions of the vapor phase were bled off until the equilibrium
pressure was lowered to the desired value. When no further
pressure change took place with continued agitation of the ol
contents, the vapor and liquid phases were considered to be in
equilibrium. In the case of.the rocking cell, tests showed that
10 minutes of rocking at constant pressure and temperature
would attain equilibrium. The sampling and analysis of tre
phases were combined into what was essentially a single opera-
tion. The analysis of the samples consisted of the physical
separation of the hydrogen from the hydrocarbon by freezing
out the hydrocarbon from the sample as it was withdrawn from
the cell.

In sampling the liquid phase of the isobutane system, a por-
tion was conducted from the equilibrium cell through an ur
heated steel line terminating in a needle valve to the sampling
connection of a Podbielniak-type low-temperature fractional

Table I. E xperimental Data for Hydrogen-lsobutane
System
iti 0
Pressure, ) (?omposmon, Mole % H, Soly.».
Lb./Sq. Liquid phase Vapor phage K - y/x Cc. Gas/
In. Abs. H, CiHio H, cal,» Hi C«Hio G- Solvent
Temperature 100° F.
3000 17.9 82.1 95.51 4.49 5.34 0.0547 92
2500 14.2 85.8 95.71 4.29 6.74  0.0500 70
2000 11.12  88.88  95.21 4.79 §.56 0.0539 920
1500 8.79 91.21 94.23 577 10.7 0.0633 400
1000 5.92  94.08 91.91 8.09 15.5 0.0860 265
500 2.75 97.25 80.31 13.69 31.4 0.141 119
Temperature 150° F.
3000 19.7 80.3 90.18 982 458 0122 103
2500 16.9 83.1 87.9 12.1 520 0.146 ?ﬁ
2000 12.9 87.1 88.7 11.3 0.88 0.130 389
1500 8.47 91.53  80.7 13.3 10.2 0.145 . 252
1000 6.76 93.24 82.4 17.6 12.2 0.189 e
500 2.74  97.26  69.7 30.3 25.4 0.312 :
Temperature 200° F.
3000 24.7 75.3 56.5 43.5 2.29' 0.578 ﬁ
2500 19.2 80.8 75.8 24.2 3.95 0.299 7
2000 15.6 84.4 75.8 24.2 4.8 0.287
1500 10.9 89.1 71.9 28.1 0.60 0.315 %1
1000 7.09 92.91 61.5 38.5 g.67 0.414 57
500 2.25 97.75 40.7 59.3 18.1 0.607 :

Temperaturo 250° F.

20006 24.4  75.0 248  75.2 50995 130

1.02

1500 16.2 83.8 42.4 57.6 2,62 ' 0.087 g(lj
1250 11.7 88.3 40.6 59.4 3.47 0.673 3
1000 8.20 91.8 37.0 63.0 4.51 0.686

“ Hydrogen gas at 77° F. and 1 atmosphere.
b In the single-phase region.
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Figure 2. Solubility of Hydrogen in ulane

digtillation column. The liquid was kept at equilibrium pres-
areup to the needle valve, and then the sample was flashed into
tekettle of the column. The kettle, immersed in liquid nitro-
om acted as a trap and froze out the greater part of the isobu-
tae The effluent hydrogen gas containing a small concentra-
timof isobutane was collected in glass balloons for measurement.
Asignificant volume of hydrogen remaining in the frozen isobu-
tarewas collected by boiling the isobutane in the closed off col-
um then freezing it again. The undissolved hydrogen was
oollected and combined with the rest. This operation was re-
pested until the pressure of the kettle contents was less than 2
mm mercury at liquid nitrogen temperature. The vapor vol-
ure of the hydrogen-free isobutane was found by vaporizing

Table Il. Experimental Data for Ilydrogen-
2,2,4-T r IMETIIYLPENTAME SYSTEM

Composition, Mole %

Resure, . . 112soly.°,
Lb./Sq. Lquid phase Vapor phase v/x Cc. Gas/
In-Abs. I, CsHi, 112 Callla 112 C»Hi> G. Solvent
Temperature 100° F.
19.8 . 80.2 99.832 . . 0.00209 52.9
16.6 83.4 99.840 ?)%I.%?) %?ﬁ 0.00192 42.6
3.2 80.8 99.838 0.162 7 5§_ 0.00187 32.6
9.71 90.29 99.831 0.109 10.3] o0.00185  23.0
5.17 94.83 99.764 0.230 19.3 0.00249 %.7
272 97.28  99.002 0.398 ﬂB.s 0.00409 .0
0.90 99.10 98.950 1.050 0.0106 1.9
Temperature 200° F.
ﬁ% 74.2 99.36 0.04 3.85 0.0086 74
. 78.2 99.30 0.70 4.56  0.0090 (00]
17.-1  82.6 99.22 0.78 5.70 0.0094 45.1
13.0 87.0 99.10 0.90 752 0.0103 32.0
9.74 90.26 98.88 112 1 0.0121 23.1
7.10 92.90 98.55 1.45 13.9 0.0156 16.4
4.04 9596 97.65 2.35 24.0 0.0245 9.0
1.65 98.35 94.90 5.10 57.5 0.0519 3.0
Temperature 302.5° F
5005 52 2.75 0.0391 1
33{892% 75 3.33  0.038S
24 4.07 0.0425
2080 5.75 0.0179

. 0.0561
10.3 0.0733
19.2 0.108
31.03 56.5 0.314

fydrogen gas at 77° F, and 1 atmosphere.

— WA
N RS8R
oy B ~o©

TOTAL PRESSURE R&IA.

Figure 3. Solubility of Hydrogen in 2,2,4-Trimctliyl-
pentane and in a Mixture of Isomeric Dodecancs

into the calibrated balloons. The isobutane in the effluent gas
was determined by passing a known volume of the mixture over
copper oxide at 300° C. in the usual Orsat apparatus to convert
the hydrogen to water. The gas volume remaining was assumed
to bo isobutane. The isobutane in the vapor-phase sample was
separated from the hydrogen by passing the gas stream through a
specially designed trap immersed in liquid nitrogen where most
of the isobutane was frozen out. The effluent gas was then
passed into the liquid-nitrogen-immersed kettle of the fractionat-
ing column where the remainder of the isobutane was frozen out.
The isobutane-free hydrogen effluent was collected and measured
in the calibrated balloons. After sufficient sample had been
taken, the isobutane in the trap was vaporized into the kettle of
the column where it was denuded of hydrogen in the same man-
ner as in the liquid-phase analysis. The hydrogen-free isobutane
was then vaporized into the balloons and its volume measured.
Tests proved that this method separated the components almost
completely.

Some changes in the method of sampling and separating the
components of the hydrogen-iso-octane system were found ad-
vantageous. The liquid-phase sample was flashed into a glass
trap at atmospheric temperature. The effluent vapors were
then passed into a second trap immersed in liquid nitrogen where
the remainder of the iso-octanc was frozen out. The effluent
gas, iso-octane-free hydrogen, was conducted into the balloons
for measurement. The steel line connecting the cell with the
first trap was heated to drive all the iso-octane into the trap.
Both traps were removed, and the weight of iso-octane was found.
The separation of the hydrogen and iso-octane in the vapor-phase
sample was effected in the same manner as for the liquid phase.

The procedure used in sampling the phases of the hydrogen-
dodecanes system and the manner of separating the components
were identical with those in the iso-octane system except that a
pentanc-dry ice mixture was used as the cooling medium in-
stead of liquid nitrogen. W.ith liquid nitrogen the dodecanes
had a tendency to freeze into minute particles and entrain in the
effluent hydrogen stream.
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SOLVENT MOLECULAR WEIGHT

Figure 4. Solubility of Hydrogen in
Parailinic Solvents at 200° F.

Table 1II. Experimental Data fou Hydro gen-gicomeric
D odecane System
Composition, Mole %
Lb./Sq. Liquid phase Vapor phase K = y/t HgCS%I;/.SE‘},
In. Abs. Ha  CiaHas" Ha  CiaHasa Ha Ciallsad G Solven
Temperature 200’
5035 25.4 74.6 99.930 0.070 3.93 0.00094
4030  21.5 $78.5 99.930 0.070 4.65 0.00089 394
3035 16.9 83.1 99.932 0.068 5.91 0.00082 29‘3
2025 12.4 87.6 99.929 0.071 8.06 0.00081 ‘
1020 6.84 93.16 99.900 0.100 14 .6 0.00107 i%é
525 3.73 96.27 99.831 0.169 26.8 0.00176 5.‘6
Temperature 300°
5035 29.9 70.1 99.652 0.348 3.33
. . . 0.00496 1.4
4030 25.0 75.0 99.633 0.367 3.99 0.00489 4618.0
3035 20.0 80.0 99.602 0.398 4.98 0.00498 36.0
2025 14.7 85.3 99.520 0.480 6.77 0.00563 24‘8
1020 7.89 92.11 99.227 0.773 12.6 0.00839 12‘3
525 4.42 9558 98.68 1.32 22.3 0.0138 6-.7

“ A mixture of isomeric dodecancB.
Hydrogen gas at 77° F. and 1 atmosphere.

Mercury was pumped into the bottom of the cell while the
phase samples were being withdrawn to maintain a constant pres-
sure.

DATA I'OU THREE SYSTEMS

The experimental data consist of the determined compositions
of equilibrium vapor and liquid phases and the associated condi-
tions of pressure and temperature. A convenient way to ex-
press the vaporization characteristics of the components of a
mixture is the vaporization equilibrium constant K, defined as

K = y/x M

where y —mole fraction of component in vapor phase
x = mole fraction of same component in liquid phase

The K constants were calculated by Equation 1 from the experi-
mental data and are included in Tables I, 11, and I11.

Figure 2 shows the solubility of hydrogen inisobutane at vari-
ous temperatures. It is noteworthy that the solubility is a
straight line-function of the total pressure up to 150° F.; at
200° F., however, the solubility tends to increase more rapidly
with pressure than would be indicated by a straight line originat-
ing at the lower pressures.
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Figure 5.
Isobutane System

Ihe solubility of hydrogen in 2,2,4-trimethylpentane and in
dodecanes (Figure 3) is somewhat different. At the lower pres-
sures and temperatures the hydrogen solubility increases more
rapidly with pressure than at the higher temperatures and pres-
sures. Frolich (2) reported a similar effect with nitrogen as vl
as hydrogen in various types of solvents to show the limitation
in the use of Henry’s law.

The solubility of hydrogen in the three solvents at 200° F. ad
at various total pressures is plotted against molecular weight in
Figure 4 to show the effect of the solvent molecular weight on the
solubility. It is apparent that the solubility decreases with
increasing molecular weight. Hydrogen solubilities in n-butane
determined by Nelson (7) and in a petroleum naphtha by Kay
(6) are also plotted.

Kay reported the naphtha to be composed almost entirely of
pentanes and hexanes; the composition data showed that the
sum of the concentrations of all the normal type components wss
essentially equal to the sum of the concentrations of all the iso-
meric types.

Since the data of Kay are in reasonable agreement with the
curves of Figure 4, the curves could bo useful for estimating the
solubility of hydrogen in narrow-boiling mixtures of isomeric
paraffin hydrocarbons.  On this basis the solubility of hydrogen
in an isomeric paraffin mixture of 95 average molecular weight
can be compared with solubilities in a gasoline (average molecular
weight 99.5) by cross-plotting work by Ipatieff (3) and in toluene
(molecular weight 92.1) by Ipatieff (4). The comparison shoas
that the solubility of hydrogen in a solvent is a function of the
molecular structure of the solvent molecules as well as of the
temperature and pressure:

Cc. Haat 77° P. and 1 Atm. in 1 G. of Solvent.

Parailinic
mixtures

Pressure,
Lb./Sq. In. Abs.

100

3000

Gasoline (3) Toluene W
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300 500 1000 2000 4000 6000
PRESSURE P.S.LA,
Figure 6. K Constants for Hydrogen in 2,2,4-Trimelhyl-

penlane and in a Mixture of Isomeric Dodecanes

The K constants for the hydrogen-isobutane system were
plotted as in Figure 5 to. show the cffect of pressure on K. The
determination made at 250° F. and 2000 pounds per square inch
absolute (Table 1) showed that the system was in the critical
region. The fact that the pressure was 2000 pounds indicates
only that the critical pressure is equal to or below that pressure.
Other correlations of the data not shown here show'ed that the

Figure 7. K Constants for 2,2,4-Trimethylpentane and

for the Isomcric Dodecane Mixture
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critical pressure was approximately 1900 pounds 250° F. Thus,
the K curves for hydrogen and isobutane were drawn to meet at
K = 1forthat pressure.

Figure 6 gives K constants for hydrogen in iso-octane and in
dodecanes as a function of pressure. The isothermal K constant
curves for the two solvents are shown in Figure 7. From the
definition of K (Equation 1) it follows that the K constant curves
for the solvent must intersect the K = 1line at the vapor pressure
of the solvent for the temperature represented. Further, since
at pressures below 200 pounds the concentration of the hydrogen
in solution becomes quite small, the solvent could be expected to
follow Raoult’s law. When the components of a solution have
vaporization characteristics which follow Raoult’s law, the K
constant curves plotted as in Figure 7 will be straight (unit slope).
By following these rules the K curves for the solvents were ex-
trapolated to low pressures.

Figure 8. K Constants for Hydrogen in
Parailinic Solvents of Various Molccular
Weights at 200° F.

The effect of the solvent molecular weight on K for hydrogen
is demonstrated for 200° F. by plotting the hydrogen K constant
against solvént molecular weight as in Figure 8, which shows that
K increases with an increase in solvent molecular weight. The
plot is useful for estimating K constants for hydrogen at 200° F.
dissolved in a solvent composed of a single highly branched par-
affin and might be used with caution for estimating K constants
for hydrogen dissolved in a solvent composed of two or more iso-
meric paraffin hydrocarbons.
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Chemical Removal of
Calcium Sulfate Scale

J. L. WASCO AND F. N. ALQUIST

Organic Research Laboratory,
The Dotv Chemical Company,
Midland, Mich.

Laboratory tests have shown that 30 to 50% sodium hydroxide
solutions react with calcium sulfate scale more completely
than do lower concentrations of sodium hydroxide. The
optimum temperatures are above 175° F. Commercial heat
exchange units have been treated with 30 to 50% sodium hy-
droxide solutions to remove the calcium sulfate scale. A de-
tailed descriptionisincluded here for the treatment of a 50,000-
gallon brine evaporator from which 100,000 pounds of calcium
sulfate scale have been removed. ... A piece of scale chipped
from the evaporator is shown in the photograph at the lefl.

OST boilers and other heat exchange equipment become
fouled during operation as a result of the deposition on the

receive treated water at all times. Therefore, any boiler that
uses an untreated sulfate water will accumulate a calcium sulfate

iieat exchange surfaces of various salts which are present in tbeale Oll the water side. The salt industry is also bothered with

water. This fouling may be minimized by the treatment of
water to reduce the total solids content of the incoming water
and by blowing down boilers to reduce the total solids of water
in the boiler. With all of these precautions, some sludge or scale
accumulates in boilers. Mechanical means were and are still
used to rid the boilers of this accumulation. A turbine tool is
used on water tube boilers; fire tube boilers arc dismantled, and
the scale and accumulation are hammered off the outside of the
tubes.

More recently, chemical means of descaling heat-exchangers
have been introduced. This method consists of introducing
into the equipment an aqueous solution of a chemical which will
react with the deposits to form soluble reaction products. The
common mineral acids, such as hydrochloric, sulfuric and phos-
phoric, are the most widely used because of their good perform-
ance, ease of inhibition, availability, and low cost. Hydrochloric
acid will react with many of the scales relatively insoluble in
water and change them over to readily soluble compounds: iron
oxides are converted to iron chlorides, calcium hydroxy phosphate
to calcium chloride and phosphoric acid, calcium carbonate to
calcium chloride and carbon dioxide.

Among the compounds frequently found in heat exchange
equipment is calcium sulfate. This compound is only slightly
soluble in dilute mineral acid solutions and does not lend itselfvery
well to chemical treatment. Calcium sulfate is commonly found
in boilers and heat exchange equipment that are forced to use un-
treated or only partly treated water. Boilers in schools, theaters,
and laundries often use untreated water because theso units are
too small to support a water treating system. Since railroad
boilers and marine boilers are part of a mobile unit, they cannot

394

the accumulation of calcium sulfate scale. Many of the brines
contain a small percentage of sulfate, and, on continued evapora-
tion of water from the brine in the concentrators or evaporators, a
scale of calcium sulfate deposits on the tubes, liinders heat trans-
fer, and lowers the efficiency of the evaporator.

Alkaline solutions have been and are being used in removing
scales from boilers. The early patents (1, 3, 4) tell of many alka-
line solutions which have been patented as boiler scale removers.
Calcium sulfate will react with alkalies (S) according to the follow-
ing equations:

CaSO, + 2NaOH Ca(OH)2+ NaZo0,

CaSO< + Na,CO, CaCO, + Nax04

The above reactions, however, when made with dilute solu-
tions (1-10%) of sodium hydroxide or sodium carbonate are
only surface reactions. After the scale becomes coated with
calcium hydroxide or calcium carbonate, the reaction stops.
Then the scale must receive an acid treatment, as hydrochloric
acid, to remove these reaction products and expose another layer
of calcium sulfate scale. Then the alkaline treatment followned
by the acid treatment is repeated as many times as necessary to
remove the scale completely.

Laboratory tests on calcium sulfate scale actually taken froma
boiler show’ that more concentrated solutions of sodium hydrox-
ide, 30-50%, have a much greater reaction rate and capacity
than the lower concentrations. Temperatures of 175°F. or over
are necessary for the reaction. The rate of reaction is directly
proportional to the rise in temperature.
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SCALE TESTS

Most of the laboratory work was
caried out oil a scale turbined from
araw water boiler of a large power
plat in the eastern states. X-ray

analysis showed it to be 100%
edlcium sulfate.  The chemical
analysisshowed:

67.1% SO< 95.2% CaSo.

0.2% Fe 0.3% FciOa

3.3% SiOi 3.3% SiO:

Total 98.8%

The silica may have been present
&a silicate such as serpentine or
amdlcite, in which ease the total
would have been higher. The scale
wss ‘/is inch thick and broke into
fldes about V2 inch in diameter.
Tre color ranged from white to a

pirk tan.
The same procedure was used
for all reaction tests on this

sale.  Thus, comparable data were
obtained as to the effect of changes
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_— Figure 1. Reaction ofCalcium Figure 2. licaetion ofCalcium
n time, temperature, —or con- Sulfate Scale with a 50% Sulfate Seale with a 30%
centration  of  sodium  hydrox- Sodium Hydroxide Solution Sodium Hydroxide Solution

ice solutions on the extent of
the reaction. The time of the
tests varied frcm '/» to 24 hours, temperature from 75° to 230°
F, and sodium hydroxide concentration from 5 to 50%. For
each test 100 ml. of sodium hydroxide solution (regardless of
concentration) were used. It was contained in an 8-ounce wide-
mouth bottle and preheated at the desired temperature for 30
minutes; 2.0 ==0.05 grams of calcium sulfate scale were then
added to the sodium hydroxide solution. Only actual pieces of
scalewere used; any powdery scale was discarded.

After the duration of the test at the desired temperature,
most of the solution was decanted from the scale, and the scale

Tabte | Percentage R eaction of Calcium Sulfate Scale
with Sodium Hydroxide Solutions
—— - iiiuv, nuuia-
% NaOH A 1 2 4 6 16 24
Temperature, 70° F.
30 5 10 12 10 7
50 5 2 5 2 10
Temperature, 150° F.
58 60
65 60
80 80
30 25 .35 60 70 85 100
35 45
40 40
45 40
50 5 7 5 5 i6 ‘o
Temperature, 175° F.
40 60 60
50 60 52
N 85 70 85
30 35 52 67 95 97 100
35 70 98
40 98
. 70
45 i 75 98 .
50 io 10 40 70 95 100
Temperature, 200° F.
B 55 55 60 70
40 40 60 7, 95
30 65 90 95 100
50 100 100 100

Temperature, 230° F.
10
45 55
)
30

i R

was washed three or four times with 100-cc. portions of water.
The water was decanted in each case with extreme caution to re-
tain all of the scale.

During the reaction of caustic solutions on calcium sulfate,
the calcium hydroxide anil sodium sulfate formed were present
as a finely divided precipitate, most of which was washed from
the scale with water. Then to make certain that all of the reac-
tion products were separated from the unreacted scale, a quick
1% hydrochloric acid rinse was given the scale followed by an-
other water wash. The scale was transferred to a watch glass,
dried at 2250F. for an hour, and then reweighed.

In a few cases the finely divided precipitate which was,washed
away from the scale was analyzed by x-ray diffraction to deter-
mine whether any unreacted calcium sulfate was being washed
away. The analyses revealed that the precipitates consisted
mostly of calcium hydroxide, some sodium sulfate, and a triple
salt of sodium -hydroxide, calcium sulfate, and sodium sulfate.
No calcium sulfate was detected. The tests indicated that no
unreacted calcium sulfate scale was decanted from the bottles.

The results of the laboratorv tests (Table I) indicate the follow-
ing conclusions: (a) At 70° F. the amount of reaction with 30
or 50% sodium hydroxide is very low regardless of the time of the
test. (6) At 150° F. 30% sodium hydroxide seems to bo the
most active, while 50% has very little effect on calcium sulfate,
(©) At 150° F. the percentage reaction with 30% sodium hy-
droxide is directly proportional to.the time, (d) At 175° F. the
amount of reaction obtained with 5 and 10% sodium hydroxide
is about the same as at 150° F., but the percentage reaction with
20-50% sodium hydroxide shows a definite increase. The 50%
caustic which has been quite unreactive at lower temperatures
has become reactive at 175° F. (e) At 200° F. 50% sodium
hydroxide gives the greatest increase in percentage reaction.
(/) At230°F. 10and 20% sodium hydroxide show the same re-
action as at 200 °F., whereas 30% caustic gives an increase.

The data of Table | were plotted to point out certain charac-
teristics of the reaction between calcium sulfate and sodium hy-
droxide. Figure 1presents the importance of temperature when
reacting calcium sulfate with 50% caustic. At 150° F. all of the
tests show a low percentage reaction; at 200° F. all of the tests
show complete reaction.
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Figure t.

Top, before treatment; center, after first staf-e of 45-50% sodium hydroxide treat-
ment; bottom, after second stage of 45-50 % sodium hydroxide treatment.
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Close-up View of Tubes in Brine Evaporator
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Figure 3. Sketch of a Typical
Cone-Type Brine Evaporator

S, steam inlet; V, vapor; C, condensate

Figure 2 presents data on 30% caustic. The
reaction rate is directly proportional to rise in
temperature and increase in time of test.

SOLUBILITY OF REACTION PRODUCTS IN
CAUSTIC SOLUTIONS

The reaction products of calcium sulfate with
sodium hydroxide are calcium hydroxide and
sodium sulfate. Only a small portion of the re-
action products are soluble in the sodium hy-
droxide solutions. When 2 grams of calcium
sulfate scale are reacted with 100 cc. of sodium hy-
droxide solution for 16 hours at 200° F., the per-
centage of calcium remains constant as the caustic
is varied; the sulfate content decreases definitely
as the caustic is increased from 10 to 50%:

% NaOH % Ca % SO.
10 0.003 0.93"
30 0.002 0.27
50 0.002 0.04

After this comparative data on the one scale
had been accumulated, tests were made on scales
containing calcium sulfate from other boilers and
from a brine evaporator. Most of the scales
were considerably thicker than ¥s2 inch and
contained other ingredients besides calcium sulfate.

The laboratory tests on these other scales showed
the following results: (a) Thicker scales need
more severe conditions of treatment—i.e., higher
temperatures and longer times. (6) Porosity af-
fects the rate of reaction. Thi~more porous the
scale is, the more easily it will react. () R®
moving scale which is in place on a tube is nore
difficult than completely reacting a loose piece of a
similar scale. (d) Scales containing as low as 50%
calcium sulfate were disintegrated completely by
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their reaction with 30-50% sodium hydroxide solution. The re-
meinder of the scales consisted of calcium carbonate and mag-
nesium hydroxide.

These laboratory data led to the actual treatments of the
following nine heat exchange units with sodium hydroxide solu-
tios in order to remove the scale high in calcium sulfate: one
1500-gallon locomotive boiler for a steel company, one 500-gallon
aare boiler for a steel company, one 6000-gallon vertical tube
baler for a tool company, three 6000-gallon Wickes A-type
hallers for a sugar refinery, two 6000-gallon boilers for a coal tar
refirery, and one 50,000-gallon brine evaporator for a chemical
conpary.

Althe units except the brine evaporator were first treated with
30-50%sodium hydroxide and then treated with approximately
Shydrochloric acid to help dissolve any of the reaction prod-
us

Mthe treatments were 85-100% successful;' that is, 85-100%
dfthescale in the boiler was removed. Considerable quantities
of the scale disintegrated and fell to the bottom of the units,
honever, and, although not completely reacted, was readily re-
moved

TREATMENT OF BRINE EVAPORATOR

The 50,000-gallon brine evaporator was a cone-bottom evapo-
rdor (Figure 3) consisting of a steel shell and containing 4100
104t copper tubes (2 inches i.d.) rolled into steel tube sheets
(Fgure 4). Its capacity was 7000 cubic feet or approximately
5000 gallons.  Analysis of four samples of scale showed 100%
cdumsulfate, from 3, to I/i inch thick. The amount of scale
»asestimated to be 100,000 pounds.

Turbining this evaporator had never been very satisfactory.
Trehard scale and the relatively soft copper tubes were not the
test combination. The scale had a tendency to divert the tur-
biretool off its course through the side of the tube.

The evaporator was filled to its
operating level with 48-50% sodium hydroxide and kept at 230°
F (110° C.) for a total of 5 days with constant circulation. The
firt stage of the treatment lasted 3 days. During this time the
cawstic concentration dropped from 49.6 to 47.6%. The sodium
hydroxide "'as drained from the evaporator and pumped into
settling tanks. The evaporator was then filled with water,

Method op Treating.
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brought to a boil, and washed thoroughly. Inspection showed
that the scale was approximately half gone (Figure 4).

The evaporator was refilled with 46.0% sodium hydroxide and
kept at 230° F. for another two days. During this stage the
caustic concentration had dropped to 45.4%; it was then in-
creased to 48.2% by evaporating under vacuum some of the
water from the solution and replenishing with 50% sodium hy-
droxide. The 48.2% caustic dropped to 46.9% at the end of the
treatment.

The second stage was stopped 6 hours before its scheduled 2-
day run because of the following observations: A large increase
occurred in the amount of sludge in the samples. The amperage
on the circulating pump’increased from 170 to 270 amperes due
to the heavier liquid being pumped. A temperature difference
was noticed above and below the tubes. This difference was
due to poor circulation. On inspection the evaporator was pro-
nounced 90% clean (Figure 4).

During the first stage the solids in the sodium hydroxide solu-
tion had increased from 0 to 15.1% by weight. During the sec-
ond stage they had increased from 6.9 to 20.9%, or 14.0%.

The scale from the evaporator at the end of first stage was 100%
calcium sulfate; at the end of the second stage, it was made up
of 85% calcium hydroxide, 10% calcium carbonate, and 5%
sodium sulfate.

Calcutlations. The amount of solids in the drain solutions
was 98,500 pounds in the firststage and 92,000 in the second, or a
total of 190,500 pounds of solids formed. Since calcium sulfate
formed about twice its weight of insoluble reaction products,
about 95,000 pounds of calcium sulfate were removed from this
evaporator. Therefore it was found that the efficiency of
the evaporator increased 40-45%, and the rate of steam conden-
sation increased from 55,000-60,000 to 85,000 pounds of conden-
sate per hour.
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Multicomponent Tray Calculations

Based on Equilibrium Curve of Key Components

EDWARD G. SCIIEIBEL1
Polytechnic Institute of Brooklyn, N. V.

1 PREVIOUS paper (10) presented an equation for calculating
the minimum reflux ratio in multicomponent distillation.
Inthe design of fractionating towers to effect a given separation,
Tis then necessary to carry out a set of tray calculations to de-
termire the total trays and the feed tray location at a reflux
ntioPcater than the minimum.

The first rigorous method of multicomponent tray calculations
evolved a matching of the components at the feed tray by a
‘nal-and-error process. Jenny (7) proposed a method whereby
wstrial and error can be eliminated. The method consists of
tt®atmg a feed tray temperature and determining the liquid

vaPor compositions at this temperature. The calculations
M ~en be made down the column until the bottom product

Present address, Hoffmann-La Roche, Inc., Nutley, N. J.

composition is matched and up the column until the overhead
composition is obtained. This method is more direct in that all
the heavier components become negligible several trays above the
feed and all the lighter components become negligible several
trays below the feed. Thus, the trial-and-error method of match-
ing is eliminated. The uncertainty in the method lies in the
choice of the feed tray temperature since, if the temperature is
too high or too low, a larger number of trays will be required.
At reflux ratios close to the minimum, a feed tray temperature
must be estimated very accurately, but at reflux ratios generally
used in practice, the effect of feed tray temperature on the num-
ber of trays is quite small, and little difficulty will be encountered
if the temperature is estimated according to the empirical method
described by Jenny (7).
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A. graphical method is presented for tray calculations on
multicomponent systems. The method is based 'on a
pseudo reflux ratio which gives the same number of trays
for the binary system of the key components as the actual
multicomponent calculations. This pseudo reflux ratio
is calculated from a general correlation of the results of a
large number of tray calculations. This method is simpler

Smith (11) described a shorter but more approximate method
for determining the number of trays required for a multicompo-
nent distillation. The method is based on assuming average
vaporization equilibrium constants for the fractionating and
stripping sections of the column. These constants were chosen
at a calculated average temperature; however, all the compo-
nents do not have their average equilibrium constants at the same
temperature, and, therefore, the method is not completely ac-
curate.

Another method for making tray calculations, somewhat
similar to the method of Jenny, was applied by Hummel (6) to
the case of a separation in the presence of a component with a
volatility intermediate between the key components.

Recently another simplified method (& was proposed for
estimating the number of trays required at any reflux ratio when
a set of calculations are available at another reflux ratio. The
method is based on a two-component equilibrium curve, com-
bining all components lighter than the light key with the light,
key and all components heavier than the heavy key with the
heavy key. To apply this method, a set of tray calculations
must first be made.

Several correlations (2, 5) have been proposed for estimating
the total number of trays required at given reflux ratios based on
the minimum reflux ratio and trays at total reflux. In the course
of the present work, about one hundred sets of tray calculations
were studied and a general correlation similar to that of Gilli-
land (5) was attempted. The same function of the total trays

1.00

JO .20 .30 .40 .50 £0 .70 .SO

MOLE FRACTION OF LIGHT KEY IN LIQUID
Figure 1
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to apply than previous methods in that it requires only the
equilibrium curvc for the key components, and the graphi-
cal tray calculations are made by the McCabe-Thicle
method. The total trays by this method agree with the
rigorous tray calculations with an accuracy of about 5%,
and the feed tray is located with an accuracy satisfactory
for all practical purposes.

was used; however, a somewhat better correlation was obtained
when a slight correction was made for the composition and con-
dition of the feed. The' function of reflux ratio that gave the
best results was:

(R- R,)/(R + X)

The general correlations give only the total trays required in
the column and do not provide any clue as to the feed tray loca-
tion. This is of equal importance because improper location oi
this tray willessentially neutralize the effect of some of the trays
and make the separation appear more difficult.

*

THE previous paper (10) introduced the concept of a pseudo
minimum reflux as a basis for determining the minimum refiux
ratio for a multicomponent distillation. It is possible to con
sider a pseudo reflux ratio as that reflux ratio which gives the
same number of total trays on a binary distillation curve as de-
termined by the tray calculations at a given reflux ratio on the
actual multicomponent system. It can be seen from the Fon+
ske equation (4) at total reflux that the number of trays required
in the multicomponent separation is the same as in a binary
system when the overhead and bottom compositions are based ;
the key components alone.

The empirical correlation of the tray calculations indicates
that the relation between the pseudo reflux ratio and the actual
reflux ratio is given by the following relation:

R - Rn R'- R,
R+ X JVA+ 1) R' +
where R' = pseudo reflux ratio
R = actual reflux ratio
in = pseudo minimum reflux ratio
?m = actual minimum reflux ratio
xi = intersection of operating lines &
pseudo minimum reflux
N = trays required in actual multicompo-
nent calculations= trays required at
pseudo reflux ratio on binary system
N,, = trays required at total reflux in multi-

component systems = trays re-
quired at total reflux in binary
system *

By solving this expression for the pseudo re-
flux ratio, the following relation is obtained:

S +*-<s+«.)jg£j;

When the operating lines, corresponding to the
pseudo reflux ratio thus calculated, have been
drawn on the binary equilibrium curve for tie
keys, the stripping and fractionating trays are ac
curately determined as well as the total trays.
The agreement in some cases is within the accuracy
of the graphical construction.

It has been found by accurate tray cacu
lations that the optimum feed tray in “j”
distillation is that which properly strac <
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optimum feed tray. The trays determined graphically above
Tabte |. Description of I11ustrative Cases and bolow this feed tray were found to agree very well with those
. Relative determined by the analytical method of tray calculations.

Case Feed Composition Volatilities Dased on Keys Tabl I d Il oi th . bet the f ti ti
Ny, +2) anaBac ap Overhead  Bottoms ables I and 11 give the comparison between the fractionating
030 030 040 ‘2 1 0.980 0.010 trays and strlppln_g trays determmed_by actu_al tray ce_llculatlons
072 0.2 016 421 .. 0985 0.010 and by the graphical method. The illustrative cases in Table |
030 010 00,'358 5 1 0% 0.985 0.070 are based on total liquid feed at the feed tray temperature, with
B« . 030 049 oss 5 1 0% 0950 393 the exception of case F which is total vapor feed at the feed
G 0.0 0.20 020 030 4 2 1 05 0.975 0.025 tray temperature. In Table I the feed composition was varied

“ Case F ia based on vapor feed at the feed plate temperature, and the
balance of the cases are based on liquid feed at the feed plate temperature.

to contain up to 72% of a third composition. Numerous other
cases with components of different rela-
tive volatilities were also checked with
reliable results. The agreement between
the total trays required is generally

Table I1. Comparison of Graphical Method with Actual Tray Calculations
No. of Theoretical Trays within 5%, and the feed tray location
Case _ - Fm““g““% S"ippéng . Totz' . determined graphically will function as
N s Rm - Rm Calcd. Graph. Caled.  Graph. Caled.  Graph, well in the tower as that determined by
A 0500 1.127 1.88 3.00 4.40 7.3 7.5 8.9 8.5 16.2 16.0 ; ;
B 0726 0500 125 0.74 1.68 8.8 9.4 107 110 1905 20.4 the rigorous method of calculation.
[ 0.429 2.51 2.28 4.00 3.66 10.1 10.4 9.3 *8.3 19.4 18.7 Tablelll showstheagreementbetween
D 0429 248 2.25 3.50 3.19 10.2 10.2 6.4 6.2 16.6 16.4 . ) . -
E  0.429 4.05 2.28 585 3.37 9.9 11.0 6.8 6.7 16.7 17.7 the graphical method given in this paper
F 0.225 4.60 4.37 7.38 6.82 9.2 9.5 7.2 6.8 16.4 16.3 i i
G 0.610 0.913 1.47 1.78 1.66 7.0 7.1 7.3 8.6 14.3 15.7 with the n?su'ts of tray calculations (_m
different systems reported in
the literature (9). In the cal-
Table II1I. Comparison of Graphical Solution with Tray Calculations of Robinson CUIatlonS the feed tray Wane_

and Gilliland (9)

No. of Theoretical Tra>fs

termined to the nearest tray,
and no attempt was made to
establish the exact optimum

Page Fractionating Stripping Total < _ :

Problem No. (9) Xi Rm Rm R R' Caled. Graph. Calcd. Graph. cCaled. Graph. point for introduction of the
Benzene- feed. There :s no doubt that
ke ot 9 G861 0915 0990 b s 1 70 2 28 48 Ass the feed tray location deter-
G:;:).ﬁne 167 7.0 6.40 16 17.3 18 17.3 34 34.6 mined graph|ca|ly will function
stabilizer 175  0.695 0.886 0.822 2.0 2.20 3 3.3 8 8.7 11 12.0 equally well with that given in

the actual tray calculations.
The last case in Table 111 in-
volved a split key, and in cal-
tre intersection of the operating lines. At total reflux the culating the minimum reflux ratio the original assumption of

optimum feed tray liquid would be one half tray below the feed
composition and the vapor would be one half tray above the
fad composition. The concept is based on 100% tray efficiency,
and this value is frequently approached in petroleum fractionat-
ing towers. Only at small tray efficiencies does the optimum
iced tray liquid at total reflux approach the feed composition.
Thus the optimum feed tray composition at total reflux, assum-
ing100% tray efficiency, is calculated as follows:

Robinson and Gilliland that 20% of this key would pass overhead
was employed as described in the previous article. This case
also involved subcooled liquid feed, and the agreement between
the calculated and graphically determined trays' demonstrates
the broad application of this method.

In Table 111 the total trays and the feed tray location deter-
mined graphically agree with the actual tray calculations to
within a theoretical tray in almost all cases. The time required
for application of the graphical method is only a small fraction

X, XT of the time required to carry out the actual tray calculations,
X, XT and the results are sufficiently reliable for all practical engineer-

ing purposes.
<1 For cases where the differences in latent heats over the column
Xt+ (@ — X/)\/aB are sufficient to produce appreciable curvature of the operating

"here xt = concentration
X X

of light key based on keys
B+ Xc

line, the same technique of locating the pseudo operating lines
for the McCabe-Thiele method may be applied to the Ponchon

xt = concentration of light key in optimum feed tray at ~ method with equally reliable results.
total reflux

Xb = concentration of light key in feed BIBLIOGRAPHY

Xc = concentration of heavy key in feed

«a = relative volatility of key components

The only feed tray possible at minimum reflux occurs at the

Badger, W. H., and McCabe, W. H., “Elements of Chemica
Engineering”, New York, McGraw-Hill Book Co., 1931.

Brown, G. G., and Martin, H. V., Trans. Am. Inst. Chem.
Engrs., 35, 679 (1939).

@
@

mtersection of the operating lines; thus the optimum feed tray (3) Colburn, A. P., Ibid., 37, 805 (1941).
toiist vary between this point and the calculated point at total re- (4) Fenske, M. P., Ind. Eng. Chem., 24,482 (1932).
(5) Gilliland, E. R., Ibid., 32, 1220 (1940).

It can be found by very accurate calculations on binary
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Ethylation of Benzene In
Presence of Solid Phosphoric Acid

V. N.

IPATIEFF AND LOUIS SCHMERLING

Universal Oil Products Co., Chicago 4, IIl.

Phosphoric acid on kieselguhr (the so-called solid phos-
phoric acid) is an excellent catalyst for the alkylation of
benzene with ethylene in continuous-flow operation. The
yield of ethylbenzene increases with increase in tempera-
ture and pressure; 80% conversion of ethylene in a single
pass (at benzene space velocity of 2 cc./hr./cc. of catalyst)
is obtained at about 325° C. and 600 pounds per square
inch or at about 280° C. and 900 pounds pressure. .The
ratio of inonocthylbcnzcne to polycthylbenzenes increases
markedly with increase in benzene-ethylene ratio; it is
thus readily possible to obtain an alkylation product, over
90% of which is the desired styrene intermediate. The
life of the catalyst is very satisfactory.

PAPER (4) on the catalytic alkylation of benzene with

ethylene showed that with phosphoric acid on kieselguhr
(1) as catalyst, only 13-15% of the ethylene was converted to
ethylbenzene at 239° C. and 100 pounds per square inch pressure.
It was stated that “since pressure has been found to have such a
pronounced effect on the reaction when the sodium chloride-
aluminum chloride-pumice catalyst was used, this phosphoric
acid-kiesclguhr catalyst would probably give satisfactory con-
versions at pressures of 300-400 pounds per square inch”. Our
earlier investigation had already shown that solid phosphoric
acid is an excellent catalyst for the preparation of ethylbenzene

Patent Office forbade publication of the results. These orders
have now been rescinded, and a brief summary of results is
presented here.

MATERIALS AND APPARATUS

Merck’s thiophene-free c.». benzene and ethylene (98%), ob-
tained from The Ohio Chemical and Manufacturing Company,
were used. The catalyst was standard U.O.P. solid phos-
phoric acid (1). It consisted of a phosphoric acid-kieselguhr
composite containing 62-63% of the acid calculated as PjCs.
The commercial extruded pellets were broken up into 1042 mesh
pieces for the experiments described here.

Alkylations were carried out in an 18-8 stainless steel tube
(Vie inch i.d., */4inch o0.d.) which was heated in a vertical fur-
nace. The latter consisted of an insulated, electrically heated,
24-inch aluminum-bronze block; the temperature was controlled
within =3 C. The reaction tube was fitted with a Vrinch
stainless steel thermocouple well which extended to the bottom
of the catalyst bed and thus permitted the determination of
temperature at various points in the bed; the temperatures in
the tables are averages of the center of the bed. The catalyst.
(40 cc.) was held in place by a stainless steel rod of such length
that the catalyst bed (about 11 inches long) was in the middle of
the heated zone. The space above the catalyst was occupied by
a similar rod (having a longitudinal hole to fit over the thermo-

and has many advantages over aluminum chloride and other couple well) in which a Vs-inch spiral groove had been cut. This
catalysts. However, secrecy orders from the United States served as a preheater for the hydrocarbon charge.
Tabte I Summary of Data on Alkylation of Benzene with Ethylene
. Charge Products, Grams per Hr. Ethylene Converted, %
Temp., ° C. Lb. per Benzene. Mole ratio Mono/ To To To
un No.° Catalyst Furnace Sq. In. g./hr.& Cellfi/CjH«  EtCells EtiCeH« Higher6 poly EtCelli Et2CeH4 higher Total
1 350 350 50 64 1.8 2.0<*
2 201 201 300 37 1.9 Oi6 0.3<*
3 254 250 300 35 1.8 3.6 0.8
4 312 300 300 37 1.9 10 2.5 1.3 2.6 38 15 10 63
5 366 350 300 35 1.8 13 4.2 1.1 2.5 49 26 8 83
6-5 202 204 600 40 2.0 1.6 0.9%*
6-9 264 253 600 35 1.9 10 3.6 1.1 2.1 37 21 '8 66
6-13 327 302 600 33 1.7 16 6.1 1.5 2.0 60 36 11 107
6-17 373 351 600 34 1.7 15 5.5 1.4 2.2 57 33 10 100
0-20 410 398 600 38 1.9 15 4.9 15 2.3 57 29 11 97
7 350 350 50 64 1.8 2.5d
8-2 201 201 600 75 2.1 I.1d
8-7 266 254 600 75 2.1 4.4 1.4
8-15 326 299 600 73 2.0 25 6.1 1.9 3.1 i 20 8 6]
8-19 364 347" 600 74 2.0 25 6.5 2.5 2.8 51 20 10 82
8-23 424 403 600 74 2.0 28 5.7 2.7 3.3 57 18 1 86
9-7 202 202 900 71 1.7 2.9
9-11 278 250 900 71 1.7 21 7.6 2.6 2.6 48 21 9 8
9-14 344 300 900 71 1.7 31 13 3.3 1.9 55 36 11 102
9-18 399 352 900 71 17 33 12 3.2 2.2 58 33 i 102
10-5 255 251 900 106 1.7 17 4.9 3.5 20
10-10 365 302 900 106 1.7 46 17 4.0 2.2 55 32 *9 %
10 416 350 900 102 17 44 14 43 2.4 53 27 10 20
11-6 346 306 600 75 1.0 38 21 6.0 1.4 38 34 12 &
12-6 376 352 600 76 1.0 40 18 4.8 1.8 41 29 10 &
13-7 310 301 600 75 4.1 14 0.7 05 11.7 57 5 5 &

°. The first number is the experiment;
which they were 2 hours

were used, a charge of 35 grams/hr. of benzene represents an hourly liquid space velocity (II.L.S.V.) of 1.0. .
In runs for which no diethylbenzene yield is given, the values in this column include dicthylbenzene as well as hlgher bo

materEil distillation.

d Includes mono- and polyethylbenzenes.

the second is the number of periods since the beginning of the run

400

The periods were one hour, except for run 0 in

v,,ilinE
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The benzene was
purped from a
graduated glass cyl-
inder by a differ-
cntial-piston-type
purp. The ethyl-
eewas charged di-
rectlyfromthe com-
mercial steel cylin-
dertlirough a needle
valwe, its rate being
measured by a ro-
lameter. The de-
sired pressure was
obtained at the
beginning of each
experiment  with
nitrogen.
Theproductsfrom
the reaction tube
were released to at-
mospheric pressure
byaTaylor pressure
regulator; thcliquid
product was collected in a glass receiver, and the gaseous product
passed through a trap immersed in ice water and then through a
wettest meter.  The composition of the product was determined
by direct distillation (without washing) through a 14-inch total-
refluxcolumn (5).

The effect of temperature was studied in many of the runs by
keeping the pressure and charging rates constant and raising the
fumace temperature in 50° C. increments. The product ob-
tained while the temperature was changing was discarded. The
results during the latter part of some of these runs may not have
been identical with those which would have been obtained with
fresh catalyst. However, since the catalyst life is good, it was
felt that the results would be sufficiently accurate for the purpose
ofa rapid survey.

The alkylation was highly exothermic, the maximum rise in
catalyst temperature occurring at about 300-350° C. The dif-
ference in temperature between catalyst bed and furnace, to-
gether with gas exit rate, furnished an excellent means of follow-
ingthe progress of the experiment.

TEMPERATURE *“C.

Figure 1.

EFFECT OF VARIABLES

Table | summarizes the results obtained at catalyst tempera-
tures of 201° to 424° C., at pressures from 50 to 900 pounds per
square inch, and at benzene space velocities of approximately
1 2 and 3 cc./hr./cc. of catalyst. Figure 1 gives typical curves
relating temperature and pressure to conversion.

Increasing the pressure resulted in an increase in the conver-
sionand a decrease in the temperature required to obtain a given

Tabte Il. Data from 48-Hour R un

HOcc.or 33.1 grams solid phosphoric acid; pressure, 600 pounds per square
inch gage; benzene H.L.S.V., 2.1; mole ratio benzene/ethylene, 2.0)

. Temp., ° C. Mono/
Time, Hr.  catalyst Furnace Mono Di Residue  higher
% 335 304 24 3.4 3.5 3.5
341 306 35 9.7 4. 2.4
ﬁ 343 307 36 8.3 3.3 3.2
333 307 37 8.0 3.0 3.4
23 318 300 34 7.7 2.8 3.2
29 315 305 31 8.4 2.5 2.8
34 314 305 31 9.3 2.7 2.6
40 312 304 29 5.4 2.9 3.5
48 310 304 28 7.8 3.6 2.5

t total product (3900 grains) contained 1312 grams of monoetliyl-
of 328 of diethylbenzene, and 119 of distillation residue (about half
A wl wasdiethylbenzene). The yields per pound of catalyst are: mono-
yibenzene 39.5 pounds, diethylbenzene 10, residue 3.5.
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TEMPERATURE »C.

Effect of Temperature aud Pressure on Conversion to Ethylbenzenes at a
Benzene-Etliylene Mole Ratio of 2

myield of ethylbenzene. The use of the higher pressures is es-
sential for satisfactory operation because lower temperatures
may then be employed; loss of catalyst activity owing to dehy-
dration and to carbon formation is thus avoided.

The lower temperature limit was between 200° and 250° C.,
depending on contact time. For a contact time of 150 seconds
(namely, at 600 pounds pressure and a benzene space velocity
of 1 cc./hr./cc. of catalyst), about 5% of the theoretical yield of
monoethylbenzene based on the ethylene was obtained at 202° C.
(run 6-5). At the same pressure but with twice the space veloc-
ity, a temperature of 266° was required to give a 7% yield of
monoethylated product (run 8-7). On the other hand, conver-
sion of more than 75% of the ethylene could be obtained at 278°
and at the higher space velocity by raising the pressure to 900
pounds per square inch (run 9-11).

In all but three cases the feed to the catalyst bed was in the
vapor phase under the reaction conditions. Some liquid phase
was present in the three runs, which were carried out at about
200° and a pressure of 600 pounds or higher (runs 6-5, 8-2, and
9-7).

T)he effect of changes in ratio of benzene to ethylene is shown
in runs 8, 11, and 13, and Figure 2. The ratio of monoethylated

Figure 2. Effect of Benzene-Ethylene Ratio on

Composition of Alkylate
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to more highly ethylated benzene increased rapidly with in-
creased ratio of benzene to ethylene. If monoethylbenzene is
the only desired product (as in the manufacture of styrene), the
ratio of ethylene to benzene in the charge should be as low as the
cost of recycling permits. Practically all of the ethylene and
benzene which do not go to form ethylbenzenes are recovered as
such and are available for recycle.

CATALYST LIFE

A 48-hour run was made to obtain some information as to
catalyst life and yield of ethylbenzenes. The conversion dropped
no more than 20% during the run (Table I1). The vyield of
monoethylbenzene was 39.5 pounds per pound of catalyst. Dur-
ing the first 5 hours of the run the catalyst temperature rose to a
maximum of 343° C. or 36° above the furnace temperature.
During the next 12 hours the catalyst temperature dropped 19°,
while the yield of ethylbenzene actually remained constant or in-
creased slightly. Longer catalyst life may be obtained by more
careful control of catalyst temperature. A life test was carried
out at 900 pounds pressure and 275° C. (benzene space velocity,
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15 cc./hr./ce. of catalyst) on a semipilot plant scale by Mattox
(8) of these laboratories; in 48 days of continuous operation,
250 pounds of ethylbenzene and 41 pounds of polyethylbenzene
were obtained per pound of catalyst, with a life expectancy of
300-350 pounds of ethylbenzene per pound of catalyst.

Catalyst life may be further increased by charging ethyl alcohol
as well as ethylene to the alkylation zone (2). The alcohol is de-
hydrated, and the liberated water serves to keep the catalyst in
the state of hydration necessary for highest activity. A part
of the ethylene formed from the alcohol reacts to yield ethyl-
benzene; the remainder is recycled.
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Correlating Vapor Pressure and
Latent Heat Data

LEONARD SEGLIN1
Ethyl Corporation, Baton Rouge, La.

A new method for calculating saturation temperatures,
vapor pressures, and latent heats of vaporization is based
on comparing these properties for any given material with
the same properties of another material whose properties
are known. This method permits the calculation ofsatu-
ration temperatures within =*=0.5%, of vapor pressure with-
in =*=4% and of latent heats of vaporization within =*5%
along the entire saturation line.

ANY engineering problems require the knowledge of vapor
pressures and latent heats of vaporization over rather
wide ranges of temperature. For most materials, however, only
limited data for these properties are available. Methods such
as those proposed by Duhring, Ramsay and Young, Cox, Oth-
mer, and Gordon have spanned this gap between engineering
requirements and limited data. Of these methods, the ones
proposed by Gordon (1) and by Othmer (5) are of the greatest
use. These two methods are similar, and are capable of giving
highly accurate vapor pressures and latent heats over the entire
saturation line; the other methods are not capable of doing this.
In the Gordon and Othmer methods, the vapor pressure at only
one temperature—for example, the normal boiling point—and the
critical temperature and pressure are required. The critical
constants can be obtained either from existing data or from the
known methods for estimating them; these methods are re-
viewed by Herzog (8) and by Meissner and Redding (4). The
method proposed in this paper is a modification of the Gordon
and Othmer methods but is simpler to handle because it involves
the use of simple arithmetic calculations only, whereas they are
based on logarithmic calculations. The accuracy of the three
methods is the same.

1 Present address, Westvaco Chlorine Products Corporation, New York
N. Y.

The method presented in this paper is derived by starting with
the Clapeyron-Clausius equation for two substances. One of
these is the unknown whose vapor-liquid equilibrium properties
are to be determined. The other substance is the reference
whose vapor-liquid equilibrium properties are completely and
accurately known. By equating the reduced pressures of the
unknown and the reference, substituting T, for T, and re-
arranging, the following is obtained:

dTr  L'TcTr2 O
dT'r LT'CTr2

This equation holds for equal reduced pressures of the unknown
and the reference. To integrate Equation 1, it was assumed that
L/L', where both latent heats are taken at the same reduced
pressure, is constant over the entire saturation line. This as-
sumption introduces only small errors as shown by the application
of the integrated equation to actual data. Then, integration of
Equation 1, with the condition at the critical point, T, =Tr =1
and Pr = Pr = 1, gives the following equation, holding for equal
reduced pressures of the unknown and the reference:

o I i 2
Tr — LT IT” — 5 @
This equation is the basis of the proposed method for correlating
the vapor data of two different materials.

ANALYTICAL METHOD

Saturation Temperature at a Given Pressure. Satura'
tion temperatures for different vapor pressures can be calculated
from Equation 2. These calculations can be used either to ex-
tend experimental data beyond the range of temperature covered
or to smooth out dubious experimental data. The calculations
involved can best be illustrated by an example. consider the
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problem of estimating the saturation tempera-
ture of ammonia at 107.6 pounds per square inch
absolute, knowing thatat —600F. the vapor pres-
sure is 5.55 and that the critical temperature
and pressure are 271.5° F. and 1650 pounds,
respectively (11).
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As an example, water is chosen as the refer- P V /
ence, accurate data for which are given by £
Keenanand Keyes (3). Forammoniaat —60°F. i5
and 5.55 pounds per square inch absolute: ///
AT, = Tc/T = 731.2° R./399.7° R. = 1.8294 £, 50
P, = P/Pc —5.55/1650 Ib./sq. in. abs. = &
0.003364 EU A
The vapor pressure of water at this reduced pres- UJ
sureis: @ A - ARGON
4 B - HYDROGEN CHLORIDE
p>= PrPc = (0.003364)(3206.2) = ) 3 12 A C - PROPANE
10.79 Ib./sq. in. abs. 0 D - CARBON DIOXIDE
R E - AMMONIA
The saturation temperature of water at 10.79 E - HEPTANE
pounds is 196.75 °F. or 656.44° R. and g:
Y77 = T'JT’ = 1165.09° R./656.44° R. = &
1.7749 B
From Equation 2, 10
RECIPROCAL OF REDUCED TEMPERATURE OF WATER (Tc/T)
L'TC 1T, 1 0.8294_10703 Wiii i i i liiii b i i Wiii 1i i
LTC i/t: - 1 07749 - * 10 05 ol 0.05 00l 0.005 Qa
REDUCED PRESSURE (P/Pc)
-1 10703 ®) Figure 1 Re_cif)rocal_ Plot of Reduced Saturation Temperatures of
T, ' Several Materials against Reduced Saturation Temperature of Water,

for ammonia as the unknown and water as the
reference. ’

At a vapor pressure of ammonia of 107.6 pounds per square
inch absolute,

P, = P/Pc = 107.6/1650 = 0.06521 Ib./sq. in. abs. = Pr
Then

P*= PrPc = (0.06521)(3206.2) = 209.1 Ib./sq. in. abs.

Thesaturation temperature of water at 209.1 pounds is 385.510F.
or 845.20° R., and

177 = T'JT’ = 1165.09° R./845.20R. = 1.3785

From Equation 3,

~ - 1= (1.0703)(1.3785 - 1) = 0.4051

1T, = 14051

The estimated saturation temperature for ammonia at 10.7(5
pounds per square inch abolute is, therefore,

T = T4, = 731.2° R./1.4051 = 520.4° R.

which is 0.1% higher than the experimental value of 519.7° R.
orCO°F. (11).

Vapor Pressure at a Given Temperature. AImOSt the
same procedure is used for estimating the vapor pressure at a
given temperature from Equation 2 as for estimating the satura-
tion temperature at a given pressure. This is illustrated by es-
timating the vapor pressure of ammonia at 60° F.  Using water
agamas a reference, Equation 3 can be similarly applied to this
Problem

At 60° F. the reciprocal of the reduced temperature of am-
monia is

177 = 731.2° 1t./519.7° R. = 1.4070

Always at the Same Reduced Pressure

Then by Equation 3,

. 1-a [k-']- ims<04070>- 13303
The reduced temperature for "water at a reduced pressure equal
to the reduced pressure of ammonia at 60° F. is; therefore,

t; = 0.7245

= 1.3803
T> = 7777 = (0.7245)(1165.09° R.) = 844.11° R. or 384.42° F.

The vapor pressure of water at 384.42° F. is 206.41 pounds per
square inch absolute. Then,

P; = P'/P'c = 206.41/3206.2 = 0.06438 = P,

The estimated vapor pressure of ammonia at 60° F. is, therefore,
P = P,PC— (0.06438) (1650) = 106.2 Ib./sq. in. abs., which is
1.3% lower than the experimental value of 107.6 pounds (11).

Latent heats of vaporiza-
tion for different pressures or temperatures can bo calculated
from Equation 2 as the following example shows. The problem
is to estimate the latent heat of vaporization of ammonia at
60°F. Usingwater as a reference, from the abo.ve examples,

L'Tc/LT'c = 1.0703

Latent Heat of Vaporization.

where the molal latent heats of vaporization, L and L', are taken
at the same reduced pressure. In this example the reduced pres-
sure of ammonia corresponding to 60° F. is:

P, = 107.6/1650 Ib./sq. in. abs. = 0.06521 = P’
P' = P;P' = (0.06521)(3206.2) = 209.1 Ib./sq. in. abs.

The molal latent heat of vaporization of water at 209.1 pounds
is 15,120 B.t.u./Ib. mole. The estimated molal latent heat of
vaporization ofammonia at 60° F. is, therefore,
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L'Tc_
1.0703 T'

L = (15,120 B.t.u./lb. mole) (731.2° R.)
(1.0703)(1165.09° R.)
which is 0.5% higher than the experimental value of 8824 B.t.u./
Ib. mole (11).
E stimation of Accuracy of Method. CalCUIated Vapor
pressures, saturation temperatures, and latent heats of vapor-
ization from. Equation 2 are compared with experimental data in
Table 1, which gives calculated and experimental data for six
different materials. From this and a similar comparison on six-
teen other materials' not shown in Table I, it is estimated that:
() given a vapor pressure, the saturation temperature can be
estimated within £0.5% anywhere on the saturation line; (b)
given a saturation temperature, the vapor pressure can be es-
timated within =*=4% anywhere on the saturation line; and (c)
the latent heat of vaporization
can be estimated within ==5%
anywhere on the saturation

= 886G B.t.u./lb. mole

. 38, No 4

a second point on a plot like Figure 1 can be
located. Drawing a straight line through this
point and the 1,1 point gives a line from which
the saturation temperatures, vapor pressures, and latent heats
of vaporization can bo estimated as follows: To estimate the
saturation temperature at a given pressure and, hence at a given
reduced pressure, \/T" is located on a plot like Figure 1 for the
reference at this reduced pressure, and the corresponding \/T, is
found. To estimate the vapor pressure at a given temperature,
the reverse procedure is used. To estimate the latent heats of
vaporization, it is necessary to know the value of L'TCLT'Cin
Equation 2.This value is the slope of the line in a plot similar
to Figure 1land, therefore, can be determined graphically by
standard methods.

|ine. These accuracies pre_ Tartle I. Compari;on of Ca\;culated Saturatic[))n TemperatLures,Vapor Pressures0, and
H f i i h i h i
Suppose the knOW|edge Of rell' - eats o aporlzatlo; IWlltt ) ata in the iterature
able critical constants. If the L”\e/raa;;‘:o a\f:pzre
critical constants are estimated pressure,  Latent : pressure, Lhatetnt "6 Error Latont
f Temp., Ib./sq. heat, emp., /sq. eat, apor aten
by recently ImprOV}?d methods . RF.) in. abq& B.t.u./lb. 0 It. m. abs.  B.t.u./lb. Temp. pressure heat
(2, 4), the errors will be about Propane (9)
the same, provided the re- 379.7 5.65 191.4 379.7 5.65 190.1 0 0 -0.7
duced temperature is less than 4197 16.00 182.7 419.4 16.53 180.9 -0.3 +0.3 1.0
. +159.7 37.81 172.2 457.7 39.35 170.3 -0.4 +4.1 -1.
about 0.7; larger errors are to 4997 77.80 159.6 4975 80.68 157.8 0.4 +3.7 S11
be expected at higher reduced 8797 2434 1253 S0 2480 12577 0% 133 0
temperatures. 619.7 385.0 100.4 617.8 393.0 986 -0.3 +2.1 -1.8
The errors in Table | show (659.7)L  (575.0) (4(;1‘8) (g&';el.g) (2%288) (53.3) (»00.5) (+ 8,1) (+32.4)
571.9° 665.1" ' 9 ' ' '
a definite trend with increas- Methyl Chioride b
ing reduced temperature, an 419.7 6.878 190.66 419.7 6.878 189.1 0 0 -0.8
indication that the coefficient 4597 1890 181.85 4598 18.84 180.7 +0.02 -8A23 -g.g
) i ; ; 499.7 43.25 172.00 499.8 43.15 171.5 +0.02 -0. -0.
L'TELT'Cin Equation 2 is not 539.7 86.26 160.91 539.5 86.48 160.9 20.04 +0.3 0
aotually constant. The same 579.7 154.2 148.46 578.6 156.4 148.9 -0.2 + 1.4 +0.3
619.7 253.5 134.66 617.2 261.3 134.7 -0.4 +3.1 +0.03
phenomenon occurs when the 629.7 2839 130.96 626.7 294.0 130.8 -0.5 +3.6 0.1
Gordon and Othmer methods 74930 968 o 749.37 986" 0 0 0
(1, 5) are used. Ammonia (11)
399.7 5.55 610.8 399.7 5.55 608.6 0 0 -0.4
419.7 10.41 597.6 419.8 10.37 sgg.g +0.02 -8.4 cola1
439.7 18.30 583.6 440.0 18.17 582. +0.07 -0.7 -0.
GRAPHICAL METHODS 459.7 30.42 568.9 460.1 30.14 569.0 +0.09 -0.9 +0.02
i 3 i 479.7 48.21 553.1 480.2 47.70 554.3 +0.10 -1 +0.2
Estimation of saturation sl07 1076 it 2204 1062 920 M ST o
temperatures, vapor pressures, 5397 153.0 4987 540.4 151.1 502.9 +0.13 »%2421 + (1)-63
; 559.7 211.9 477.8 560.6 209.0 482.7 +0.16 -1. +1.
a_nd latent heats of vaporiza- 579.7 286.4 455.0 550.6 282.6 461.6 +0.16 -1.3 +1.5
tion can be made easily and 587.7 321.2 4452 588.7 316.9 450.4 +0.17 -1.3 + 1.2
. 731.2 1650 0 731.2' 1650 0 0 0
with almost the same accuracy
by graphical methods as by n-Pentane (S) )
; ; 559.7 15.69 153.42 559.7 15.69 148.9 0 0 -2.
Fhe_ analytical _me“_‘Od' This 619.7 42.48 140.6 620.3 42.09 136.9 +0.1 -0.9 -2.C
s llustrated in Figwe 1a  wEr o gdw ges  ser ome oame o pgg 0 43
plot of the reciprocal of re- 799.7 32916 75.79 801.6 323.5 721 +0.2 -167 —4.9
duced temperatures for several 846.7 485.4 0 846.7 485.4 0 0
different materials against the Isobutane (7)
reciprocal of the reduced tem- 529.7 44.97 143.4 529.7 44.97 143.8 0 o 103
. 559.7 71.91 135.5 559.1 72,64 135.7 -0 .1 + 1. :
perature_ of_Water as reference; 589.7 109.80 126.0 588.9 W 111.5 126.3 -0 .1 +1.5 :8-%
each point s aken where the 881 el ie ged Tgp o ns 01 i 6
reduced pressures for the un- 679.7 313.7 84.0 677.4 3214 86.1 -0.3 +2.5 (++121 ?)
- 3.4
known and the reference are (795708 @D 79 (198 (4338 (63:9) (-0.5) (3
equal. The reciprocal of the o
reduced temperatures is used Carbon Dioxide (6)
! : 399.7 94.7 145.8 399.7 94.7 142.3 0 0 ﬁ2'42
in accordance with the form 419.7 1458 137.8 420.0 1450 1348 +0.07 08 i
; . . . 4401 213.2 126.2 . +0.09 -0. :
of Equat_lon 2. The plot of 459.7 305.5 120.1 460.2 302.9 116 .4 +0.11 -0.9 g;
1/7V against UTr is always a 479.7 421.8 108.9 480.3 418.0 104.9 +0.13 -0.9 2
traight li ing th h th 2991 567.8 95.0 500.3 563.1 90.8 +0.12 -0.8 44
straight line going throug e gégg ;égg 76.6 520.2 743.6 72.6 +0.10 -0.7 1%
; - ’ = . . 44.8 539.8 967.5 441 +0.02 -0 .1 .
pc;ll_nth T, = l’dl/Tt _thl’ 547.5" 1069.4 0 547.5" 1069.4° 0 0" o—
WNICI corresponas (0] e

critical point. If the critical
point is known or estimated,
and the normal boiling
point, for example, is known,

saturation temperatures.

° Saturation temperatures calculated at experimental vapor pressures, vapor pressures calculated at expe'lriﬁ“ental
W ater used as reference material in all calculated values. >N
b Parentheses indicate dubious experimental accuracy;
for these cases were not used in estimating the reliability of the calculations.
c Critical points, based on a compilation by R. Herzog, Ethyl Corporation.

the errors between calculated and experlmental va
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NOMENCLATURE

molal latent heat of vaporization, B.t.u./Ib. mole
va_p_orlpressure, Ib./sq. in. abs.

critical pressure, Ib./sg. in. abs.

rcduccd pressure, P/Pc-

saturation temperature, °R.

critical temperature, °R.

reduced temperature, T/Tc.
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e
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Unpritned symbols refer to material whose properties are being
investigated (the unknown), primed symbols refer to the reference

material whose properties are being correlated with those of the
unknown.
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Composition of Gum Turpentine
of Coulter Pine

N. T. MIROV

California Forest and Range Experiment StationBerkeley, Calif.

Analysis showed that the turpentine of a rare Coulter
pine growing in California consists of two terpenes: I-a-
pinene and Z-/3-phellandrcne with an admixture of two
paraffin hydrocarbons, n-heptane and n-undecane. The
presence of paraffins in Coulter pine turpentine shows once
more that turpentine as obtained from pine oleoresins is
not always a mixture of terpenes alone. Probably an ad-
mixture of paraffin hydrocarbons to the terpenes is more
common than earlier investigations had indicated.

E oleoresin composition of only about twenty of the sev-

I enty or more species of pines has been investigated. Each
newstudy of a species is a contribution to our knowledge of oleo-
resins and may help to explain the processes of formation of oleo-
resin in the living tissue of trees.  This is of fundamental impor-
tance to the naval stores industry. Although only a few pine
species are now used for commercial gum turpentine production,
the future may see many more pressed into service with conse-
quent adjustment of turpentine specifications.

The oleoresins of pines are important not only from an indus-
trial point of view; a study of the biochemistry of the genus
Pinus promises to be of far-reaching importance in various other
"ays, such as in breeding studies. Coulter pine (Pinus coulteri
D. Don) has been used in several breeding experiments at the In-
stitute of Forest Genetics, a branch of the California Forest and
Range Experiment Station. To facilitate these experiments, an
investigation was made of the biochemical characteristics of
Coulter pine oleoresin, especially the volatile part. Previous
work with the oleoresin of the various pines showed that its
specific peculiarities could be used to advantage in differentiating
species and identifying hybrids (9).

Oleoresin was obtained by standard turpentining methods from
18-year-old planted trees growing in the Eddy Arboretum at the
Institute of Forest Genetics, Placerville, Calif. The trees repre-
sent almost the whole range of Coulter pine. (Coulter is a rare .

1 Maintained by the Forest Service, U. S. Department of Agriculture, in
cooperation, with the University of California.

pine that grows singly, never forming pure stands, in the coastal
ranges of California as far north as the latitude of San Francisco;
it also occurs sporadically in Lower California.) Fifteen trees
were tapped once a week from May 20 to August 12, 1944. The
total amount of oleoresin obtained was 8674 grams, about 48
grams per cup per streak. The oleoresin was of a sugary crystal-
line nature; after prolonged standing a more liquid part sepa-
rated on the top. It was kept in friction-top cans until analyzed
in November, 1944,

The oleoresin was distilled with steam at atmospheric pressure,
the temperature not being allowed to rise above 145° C. Batches
of about 1000 grams each of the oleoresin were distilled in a round-
bottom 2-liter flask. A Kjeldahl connecting bulb was placed be-
tween the flask and the condenser to prevent particles of rosin
from being carried over mechanically. Eight batches were dis-
tilled, and 1443 grams of volatile oil (turpentine) were obtained.
The average yield of the eight distillations was as follows: tur-
pentine, 16.92%; rosin, 83.00%; impurities, 0.08%; total,
100.00%.

From the fact that the rosin was not perfectly soluble in 95%
alcohol, it appeared that partial polymerization of some ingredi-
ents of the volatile oil had taken place at the temperatures of the
steam distillation. The volatile oil was dried over calcium chlo-
ride and kept in airtight bottles in cold storage until used.

The volatile oil had the following characteristics: specific
gravity dis, 0.8505; index of refraction n26 1.4767; specific
rotation [a]D —15.21. The oil tended to polymerize much more
readily than commercial turpentine.

A sample of 500 grams of the oil was distilled at atmospheric
pressure with a 12-inch Hempel column. The results of this dis-
tillation (Table I) show the presence of a component boiling below
the turpentine range and possessing an index of refraction lower
than the indices of terpenes, a decrease in the index of refraction
of the last three fractions, and a relatively high percentage (15)
of polymerized residue.

Another 500-gram batch of Coulter pine turpentine was dis-
tilled with a 12-inch Hempel column under 20 mm. of pressure.
Figure 1 shows the results of distillation under atmospheric and
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TEMPERATURE AT 20 MM. PRESSURE
62 72 82

TEMPERATURE AT ATMOSPHERIC PRESSURE

Figure 1. Boiling Point Curves for the Volatile Oil

of Coulter Pine Oleoresin

reduced pressure. Specific gravity, index of refraction, and spe-
cific rotation were determined for cach fraction of the distillation
under reduced pressure; the results (Table Il and Figure 2) show
that the component having the low boiling point was partly lost
when the turpentine was distilled under reduced pressure. Never-
theless the constants of fraction 1indicated the presence of a non-
terpene substance. The characteristics of thelast two fractions
also indicated a nonterpene component.

Only 5% of the residue was left in the flask after distillation
under reduced pressure, and this included some of the oil that
trickled back to the flask from the column after distillation was
completed. It is obvious that polymerization of the volatile oil
was greatly reduced by distillation at reduced pressure. The de-
gree of polymerization of the volatile oil is apparent in Figure 1.
The values of the physical constants of different fractions (Table
I1) are, in general, decidedly lower tha,n they should be for ter-
penes. Apparently the 12-inch Hempel column, which had been
used successfully by previous workers (11, page 10) for fractional
distillation of terpenes, was not efficient enough in the fractiona-
tion of Coulter pine oil, which has nonterpene
fractions boiling below and above the distillation
range of terpenes. In fact, fractionation with
this apparatus was very poor.

IDENTIFICATION OF COMPONENTS

Fraction
It appears from the physical characteristics No.
of Coulter pine turpentine .that it contains a 5
readily polymerized terpene and two non- 3
terpene components—one with a boiling point ;‘
much lower than that of a-pinene, and the g
other boiling above the boiling range of the 8
terpenes. "
7i-Heptane. The specific gravity and the 4
index of refraction of the first two fractions 13
(Table 1) suggested the presence of a paraf- 1
fin hydrocarbon. These fractions, combined 16

with fraction 1 of Table Il, were shaken once Resli7due

with concentrated sulfuric acid and redistilled.
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The product was so volatile as to make collection and estima-
tion extremely difficult. 1t possessed a peculiar odor char-
acteristic of purified heptane obtained from Pinus jejfreyi and P.
sdbiniana. A sample of 10 cc. of the product was redistilled over
sodium. It boiled between 98° and 99° C., and was not affected
by the concentrated sulfuric acid. The specific gravity deter-
mined in a 5-cc. pycnometer was d*o 0.690, index of refraction
was 1.3871 at 23° C., and molecular weight determined cryoscopi-
cally in benzene was 101.85. It is concluded that the low-boiling
fraction of the oil contains a paraffin, ?t-heptane (Cjllie). Prob-
ably about 5% of heptane is present in the volatile oil.

z-a-PiNENE. ,Fractions 2 to 15 of Table Il were redistilled four
times under 20 mm. of pressure. Two main fractions were ob-
tained. One fraction, amounting to 147 grams or about 30% of
the original oil, had the following properties: boiling range, 55°
to 59° C. at 20 mm. pressure and 154° to 158° C. at atmospheric
pressure; specific gravity, 0.8530 at 15° C.; index of refraction,
1.4690. Z-a-Pinene was identified in this fraction by preparation
of the nitrosochloride. A copious precipitate of pinene nitroso-
chloride was obtained when 14 cc. of the oil were dissolved in 30 cc.
of glacial acetic acid mixed with 20 cc. of ethyl nitrite, cooled
with ice, and treated with a mixture of 11 cc. of hydrochloric acid
and 11 cc. of glacial acetic acid (5). After five recrystalliza-
tions from chloroform, by methanol, the nitrosochloride melted
at 104° C.

z-0-Pnettandrene. The other large fraction mentioned in the
preceding paragraph, after being redistilled five times under 20
mm. of pressure, amounted to 173 grams or about 35% of the
original oil. It had the following properties: boiling point, 69°
to 75° C. at 20 mm. pressure; specific gravity, 0.8400 at 15° C,;
index of refraction, 1.4701. This fraction had a tendency to poly-

Table |l. Fractional Distillation of Coulter Pine
Turpentine at Atmospheric Pressure (7562 M m.)

Temp. Cumulative Refractive
saction No. Cor., ¢C. Dist., % Index (15° C.)
1 90 -110 0.3 1.4020
2 110 -157 1.1 1.4561
3 157 -161 3.4 1.4691
4 161 -162 5.5 1.4710
5 162 -163 7.8 1.4722
6 163 -164 16.6 1.4730
7 164 -164.8 25.5 1.4742
8 164..8-166 36.8 1.4748
9 166 -170 47.4 1.4778
10 170 -172 53.9 1.4795
11 172 -174.5 59.9 1.4811
12 174..5-177 64.7 1.4821
13 177 -180 69.6 1.4841
14 180 -183 74.7 1.4851
15 183 -186 79.6 1.4825
16 186" -190 83.1 1.4755
17 190 -195 84.9 1.4645
Residue Above 195 100.0 1.5103

Fractional Distillation of Coulter Pine Turpentine
at 20Mm.Pressure

-Distillate i -
Boiling Quan- Specific Refractive Specific
Point, tity, Obsvd., Cumula- Gravity Index ~ Rotation
ocC. Grams % tive, % at 15° C. at15° C. at20°cC.
To 53 10.3 2.4 2.4 0.8103 1.4596 8.94
53-55 20.3 4.9 7.3 0.8480 1.4698 *11]?6:?_
55-57 27.5 6.7 14.0 0.8499 1.4702 -1
57-58 26.9 6.5 20.5 0.8487 1.4712 -11.23
58-59 57.8 13.9 34.4 0.8483 1.4724 11.84
59-60 23.1 5.6 40.0 0.8453 1.4736 13.10
60-62 24.5 5.9 45.9 0.8444 1.4744 13.54
62-63 21.9 5.3 51.2 0.8414 1.4762 14.33
63-64 19.4 4.7 55.9 0.8393 1.4776 —15.48
64-66 22.6 5.5 61.4 0.8367 1.4792 %;385‘%
66-67 22.7 5.5 66.9 0.8355 1.4808 .
67-68 22.6 5.5 72.4 0.8348 1.4824 }g-ig
68-69 25.2 6.1 78.5 0.8337 1.4838 :
69-70 23.7 5.7 84.2 0.8349 1.4842 150815
70-73 21.7 5.2 89.4 0 8338 1.4818 .
73-87 18.8 4.6 94.0 0.8013 1.4541 11.21
87-89 4.1 1.0 95.0 0.7973 1.4364 28-70
Above 89 20.5 5.0 100 0.9341 1.4971 +24.57
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morize when attempts were made to distill it
under atmospheric pressure.

This tendency to ready polymerization was
noticeable in Coulter pine turpentine in every
phese of the work. The incomplete solubility
ofthe rosin in 95% alcohol, the large amount
of sirupy residue left in the flask after the
fractionating of the oil under atmospheric
pressure, the fuming during redistillation,
the rapid polymerization of the turpentine
when exposed to the air, and the physical
properties, all pointed to the presence of one
dfthe least stable terpenes, phellandrene.

Phellandrene nitrositc was obtained in
abundance in the fraction by the following
method: 5 cc. of the oil were dissolved in 10
o of petroleum ether and added to a solu-
tion of 5 grams of sodium nitrite in 8 cc. of
water; then 5 cc. of glacial acetic acid were
added slowly while the solution was stirred
constantly and coolcd with ice. The nitro-
site was filtered, dissolved in a small quantity
of chloroform, and precipitated with cold
methanol. It melted at 103° C. Further
purifications resulted in a product that melted
at about 90° C. (11, page 27). The insta-
bility of phellandrene nitrositc mentioned by
otherworkers (11) who prepared it from sugar
pine turpentine also occurrcd in this experiment.

A copious precipitate of phellandrene nitrositc was obtained
also when 1 cc. of the crude Coulter pine turpentine was placed
ina test tube with 2 cc. of glacial acetic acid, 5 cc. of petroleum
ether, and 2 cc. of concentrated solution of sodium nitrite.

Other TeUpenes. The fractions boiling between 161° and
170° C. and.between 170° and ISO0 C. (Table I) were redistilled
repeatedly. The first group of fractions was tested for the pres-
ence of /3-pinene and the second group for the presence of limo-
nene and dipentene.

Ten grams of the oil were oxidized with 24 grams of potassium
permanganate in 600 cc. of water to which 5 grams of sodium hy-
droxide were added. The mixture was shaken for 20 minutes,
the unreacted oil was removed by steam distillation, and the
manganese sludge was filtered off. The filtrate was evaporated
to 200 cc. under reduced pressure while a continuous stream of
carbon dioxide was passed through the solution. No sodium
nopinate was obtained after cooling. Therefore it was concluded
that 0-pinene was not present in the oil.

In the redistilled fraction boiling between 170° and 180° C.
no crystalline tetrabromide or hydrochloride was obtained; this

8.1

Figure 2.

Table 111, Physical Characteristics OP Coulter Pine
Undecane
Hydrocarbon from .
Constants Coulter Pine n-Undecane (O)

Molecular weight 155.0
Index of refraction 1.4200 (23.5° C.) 1.4184 (20° C.)
Specific gravity 0.7465 (15/15° C.) 0.741 (20/4° C.)
Boiling point, ° C. 194-194.5 195.84

130.30

Tabre IV. Fractional Distillation of Residues under
Reduced Pressure (20 Mm.)
Fraction Temp. Dist., Sp. Gr. Refractive
No. Cor., ° C. % (22° C.) Index (23° C.)
! 66- 68 12.85 0.8388 1.4774
2 68- 70 8.75 0.8310 1.4770
3 70- 73 10.85 0.8289 1.4742
4 73- 84 8.75 0.8180 1.4654
5 84-102 4.40 0.8114 1.4472
6 102-114 4.35 0.9300 1.4852
? 114-128 8.70 0.9340 1.4930
Residue 41.04 Very viscous, dark

amber colored

SPECIFIC GRAVITY
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8.3 8.5 1.444 1454 1464 1474 1484 -10 -20

INDEX OF REFRACTION SPEC. ROTATION

Specific Gravity, Index of Refraction, and Specific Rotation
Curves for the Volatile Oil of Coulter Pine Oleoresin

test eliminated the possibility of the presence of limonene or di-
pentene.

«-Undecane. The last two fractions (Table I1) combined
with all collected residues were redistilled with a 12-inch Hempel
column, and the portion boiling between 190° and 200° C. was
repeatedly shaken with concentrated sulfuric acid until no colora-
tion occurred. It was extremely difficult to get rid of the impuri-
ties (probably polymers of phellandrene). Finally about 25 cc.
of colorless oil were obtained. After washing with sodium carbon-
ate, the oil was dried for 2 days over metallic sodium. A 15-ee.
sample of the oil was distilled in a 30-cc. distilling flask. Ninety
per cent of the hydrocarbon boiled between 194° and 194.5° C.
(corrected). Molecular weight was determined cryoscopically in
benzene. Table Il gives the physical characteristics of the hy-
drocarbon, compared with those for n-undecane.

This hydrocarbon was found to bo optically inactive. Accord-
ingly, the second paraffin hydrocarbon found in the Coulter pine
turpentine was identified as n-undecane.

Residue. Theresidues boilingabove 200° C. were fractionated
at reduced pressure (20 mm.) with a 12-ineh Hempel column.
The results are shown in Table IV. n-Undecane was found in all
fractions.

About half of fraction 4 was found to consist of n-undecane.
All attempts to obtain a crystalline dihvdrochloride from fractions
6 and 7 were futile. No color reactions characteristic of cadinene
or aromadendrene coi™d be produced. When 5 drops of oil were
dissolved in 1 cc. of acetic anhydride, a pinkish-brown color de-
veloped which gradually turned dark brown. It appeal's'that
the residues boiling above 200° C. consisted chiefly of poly-

. merized phellandrene, with an admixture of n-undecane and

possibly a small amount of some unidentified sesquiterpenes.

Summarizing, the turpentine obtained from Coulter pine oleo-
resin consisted of: «.-heptane, about 5%; Z-a-pinene 30-35%;
/-13-phellandrene 35-45%; n-undecane, about 10%; and pos-
sibly a small amount of sesquiterpenes.

DISCUSSION

The volatile oil obtained from Coulter pine oleoresin has
rather unusual composition. It consists mostly of two terpenes:
/-a-pinene and i-/3-phellandrcne with an admixture of two ali-
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phatic hydrocarbons, n-heptane and n-undccane. While a-
pinene is the most common torpene of pines, the presence of
phellandrene in pine oleoresin is not very common. Schorger
(10, page 756) reported it in turpentine of lodgepole pine (Finns
contorta murrayand). In both Coulter and lodgepole pine it is a
levorotatory form of ~-phellandrene. Heptane has been found
before in oleoresins of P. jeffreyi and P. sabiniana (10, pages 739
and 752). In both species the volatile oil consists of 95% hep-
tane, the remaining 5% being straight-chain aldehydes (1, 8,
18). Heptane was found also in a natural hybrid between Jeffrey
and ponderosa pines (4, 8). In this hybrid about 15% of the vola-
tile oil consisted of n-heptane and 85% consisted of torpones.
Coulter pine is the only pine species (not hybrid) so far known
in whose oleoresin heptane is found as an admixture to the tor-
pones. The presence oi normal undecane in Coulter pine turpen-
tine is of extraordinary interest. Original\ this hydrocarbon
was isolated from Pennsylvania petroleum (7).

Schorger (10, page 753) found an oil that may have been a par-
affin hydrocarbon in P. lambertiana turpentine. The hydrocar-
bon, purified by repeated shaking with sulfuric acid, boiled be-
tween 194° and 200° C. at 742.7 mm.; the specific gravity was
0.7549 and the index of refraction 1.4249. Schorger attributed
the presence of this hydrocarbon to the contamination of the
oleoresin with kerosene; after later findings there can bo no doubt

CORRELATING
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that the paraffin found by Schorger in the sugarlpine oleoresin
was /j-undecane. Later, «-undecane was found in turpentines of
P. cxcelsa and P. monticola (2, 12).

So far, «-undecane has been found in four pine species, including
Coulter pine; n-heptane, in two species. Thus, at present the
oleoresins of at least six pines contain paraffins. Probably further
investigations in this direction will reveal the presence of paraffin
hydrocarbons in other pines.
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EQUILIBRIUM CONSTANTS

-Chemical Reactions and Heats of Reaction

DONALD F. OTHMER AND ARTHUR H. LULEY,
Polytechnic Institute of Brooklyn, N. Y.

TOOL which has' been found useful in correlating many

properties of gases, of liquids, and of solutions is a graph

on which some property is plotted on logarithmic paper against

the vapor pressure of a reference substance at the same tempera-

ture. Such a graph was first used to correlate vapor pressure
data (7).

The vapor pressures of some standard substance are indicated
on the horizontal scalc of an ordinary sheet of log paper, and the
corresponding points of temperature are indicated. Ordinates
for these points arc erected, and on these-temperature ordinates
are plotted values of the vapor pressures of the desired substances
to give straight lines. The slopes of these lines are the ratios of
the molar latent heat of the substance to the molar latent heat
of the reference at every temperature. Besides vapor pressure,
many other properties of gases and solutions have been found
to give straight lines on the same type of plot, such as gas solu-
bilities and partial pressure (12), the pressure of adsorbed mate-
rials from adsorbents (10), vapor.compositions and related prop-
erties of solutions (9), viscosities (8), etc.

REACTION CONSTANT

This method of correlation, giving straight lines, allows the
ready checking of experimental data and the possibility, by ex-
trapolation or interpolation from a relatively few experimental

points, of obtaining data throughout a complete range, figure
I shows the plot of tfie recent data of Kelley (5) on the dissoci-
ation pressures as a function of temperature for various reac-
tions (curves 1, 3, 4, 6, 7) and the equilibrium constants against
the same temperature functions for other reactions (curvcs
2,5, 8).

The latter three straight lines were obtained by extending the
field of application of the method of plotting; the thermodynamic
background will be indicated later. Reaction rate constants,
ionization constants, equilibrium constants, and solubility prod-
uct constants may all bo correlated by the use of Figure 1
In each case the slopes of the resulting straight lines are the ratios
of the heats of reaction for the particular system to the latent
heat of the reference substance.

All of these plots may be, constructed in the same way as the
previous correlations on log paper. The Y axis is calibrated in
units for the appropriate rate or equilibrium constant; the X
axis is calibrated, first in units for the vapor pressure of a suitable
reference substance, and then in corresponding temperatures, as
indicated above. On the vapor pressure scale of _the X axis the
temperature lines are erected at the corresponding vapor pres-
sure values, and then the rate or equilibrium constants are plotted
on these temperature ordinates.

For equilibrium constants (Figures 2, 3), reaction rate constants
(Figures 4, 5, 6), and solubility product constants (Figure 8),
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Reaction rate constants, equilibrium con-
stants, solubility product constants, and
ionization constants give straight line plots
on logarithmic paper against the vapor
pressure of a reference substance at the
same temperature, using the method of
plotting developed for vapor pressures (7)
andmany other physical properties of gases
and liquids. The slopes of the lines give
the heats involved in the reactions. This
method may be conveniently used to corre-
late the limited amount of experimental
data available upon the change of the
various types of equilibrium constants with
temperature. A minimum of two experi-
mental values is needed to fix the straight
line obtained over a wide temperature
range. In addition, the slope of the line
may be used to obtain the heat of reaction
atany temperature for any particular sys-
tem. The heat evolved in the change in
the polymetric structure of water, as indi-
cated by the break in the ionization con-
stant lines, is the same quantity of heat
obtained for a similar break in the correla-
tion for viscosity (8).

straight. <lines are obtained by the use of
this method of plotting. For ionization con-
stants (Figure 7) straight lines with breaks at
about 250 C. are obtained. The abrupt break
is probably due to a change in the molecular
structure of the solvent water, as noted in
plotting other physical properties (8, 11).

In the first three cases only two values
of the constant or one value and the value
of the heat of reaction are needed to obtain
the entire straight-line plot. For the ease
where the line breaks, two values of the
constant are needed for each straight section of
the plot.

the top

~obhwe

EQUILIBRIUM CONSTANT
The van’t Hoff isochore is:

dInK, All
dT ~ RT2

ihe Clausius-Clapeyron equation may be written for some
reference material:

mbining Equations 1and 3 and integrating:
InKp=~InP +C
Lj

lhe equilibrium constant may also be expressed in terms of
‘meoncetitration as well as partial pressure; for such a case Equation
mbecomes

InKezéi:E-InP+C
J

Figure 1.

The corresponding temperatures are in-
dicated by the ordinates and the scale at

MgCh.6HjO-> MgCl;.411*0 + 211:0
MgCh.4H2 -> MgCIl.2H2 + 2H.0
MgCli.2HjO —>MgCU.IliO + H,0
MgClj. HjO -» MgOHCI + HC1
MgCli. 11i0 —> MgCl: + HiO

INDUSTRIAL AND ENGINEERING CHEMISTRY 409

Temperature °C.

vapor Hressure water |mm.|
Log Plot of Dissociation Pressure vs. Vapor Pressure
of Water at Same Temperature

Log plot of equilibrium constant for follow-
ing reactions on same coordinates

MgCl: + HsO- » MgOHCI + HCI
MgClj + JOs- MgO + Ch
MgCU.2Hs0 -

MgOHCI + HCl1 + H,0

where the relation between the two different equilibrium constants
is:
Kt = Kc (RT)** 6)

It can be seen that KPis equal to Kcwhen An is zero.

Another demonstration of the correctness of Equations 4
and 5 follows from the similar equation developed for activities
(:19). Since the log of the equilibrium constant is equal to the
difference of the sums of the logs .of the activities of the reactants
and of the products, these equations for the activities and the re-
spective heat terms may be combined to give Equations 4 and 5.

Figure 2 shows the result of a plot of Kpagainst the vapor pres-
sure of mercury for several reactions. The slopes of the lines are
the ratios of the heat of reaction to the latent heat of mercury at
the same temperature. A positive slope to these lines indicates
an endothermic reaction; a negative slope indicates an exo-
thermic reaction.

For the reaction between hydrogen and oxygen to form water,
the heat of formation at 0° C., as given in the literature from
calometric determinations, is —68,310 calories per mole, and
that calculated from the slope extrapolated down to 0° C. is
—68,600 calories per mole.



Recently,  Rossini
and co-workers com-
piled equilibrium con-
stants over a wide
range of temperature
(16) for reactions in-
volving oxygen, hydro-
gen, water, methane,
and carbon oxides.
This includes an ex-
tension over a wider
temperature range of
the data plotted in
Figure 2 Ol the re-
action between hydro-
gen and oxygen to
give water. This and
other reactions are
shown in Figure 3.

Because of the ex-
tremely large range
of temperatures and
equilibrium constants
covered by these data,
the Y axis is calibrated
in terms of the tabu-
lated values of loga-
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Vopor Pressure Of Mercury (atm.)

Figure 2. Log Plot of Equilibrium Con-
stant vs. Vapor Pressure of Mercury at
"Same Temperature

Line Kp: Multiply
No. Reaction Vertical Scale by
1 SO> + iQa<=* SO* 10-1

2 Hs+ iSI*HIS

3 Hj-f i025=l H20 10s

4 CO2+ 112<=siCO + HO 10->

V opor Pre ssure Mercury (mm.)

Figure 4. Log Plot of Reaction Rate
Constant vs. Vapor Pressure of Mer-
cury at Same Temperature

Multiply

Line Constant Vertical

No. Reaction Plotted Scale by
1 2HI —>Hi + 1> k1 10-'

2 lj+ Hj-*2H I kt . 10
3 2Hli=xHj + I. Kc = ki/h  10"*

Figure 3. Plot of Logarithm of Equi-
librium Constant vs. Vapor Pressure of
Mercury at Same Temperature

Arrows indicate whether left- or right-hand scale is to be
used for log of equilibrium constant. Because 0L t e
wide range of values of K encountered (over 10 times;
it is necessary to add the indicated number to tne
spective scalc reading to Rive log K.

Line Add to
No. Reaction Vertical Scale

1 C + Os-»COj +1q5. Eﬁ

2 co *i02->co 75,

3 c + i0t->-co + 5, right
4 CH< + Jo i—>co + 2Hi

5 CH, + 2HIO—>COi + HI2 —«O0, left

G Hj+ }Os—» HjO

7 CH + H20 —» CO + 3H, -35, W»

8 C + 2H :-»CH.

9 C + HjO-> CO + H* -16. f2bt
10 CH, + C02—>2C0 + 2H* -30, lef
11 CO + H20 —*CO2 + H, - m g
12 cC + co2—>2c0 - 15.right
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of Dushman (2) who compiled the best work of other
experimenters. Correlation of the plotted line with
the crosses is good. This type of plot is independ-
ent of the order of a chemical reaction, since first-,
second-, and third-order reactions give straight lines
(Figure 5).

Figure 6 is a plot of reaction rate constants for the
alkaline hydrolysis of several different esters. The slopes
of these lines are nearly the same, and indicate that
the activation energies and, hence, the heats of esterifica-
tion are about constant for these several different alcohols
when esterified with acetic acid.

IONIZATION CONSTANT

Figure 5. Log Plot of Reaction Rale Constant for For ionization constants Equation 4 may be
Reactions of Different Orders vs. Vapor Pressure of written:
W ater at Same Temperature
Line k, Multiply .
No. Order of Reaction Reaction Vertical chle by InKi = InP + C (lO)
1 First N20&—» N501+ jOj 10-"
2 Third 02+ 2NO -» 2NOj 10'»
3 Second Hi+ 1j-> 2HI 10"«

ritms of equilibrium constants. Values plotted, are against
tretemperatures corresponding to the vapor pressure of mercury
butdo not go below the temperature where the vapor pressure
d'mercury is 1 mm. Figure 3 shows the excellent correlation
obtaired in this simple method of plotting even over this
tremendous range.

REACTION RATE CONSTANT

Equilibrium constants for a reaction are actually a combination
dtwo reaction rate constants. By definition,
Kc = fa/fe (7

Tolman (15) showed that the reaction rate constants may be
expressed, according to the van’t liof T equation, as follows:

dink E
dT ~ RT2

Thismay be combined with the Clausius-Clapeyron equation to
g\e

Ink Il InP+ C

Figure 4 shows the plot of reaction rate constant ki for the
decomposition of hydrogen iodide, reaction rate constant k2 for
the formation of hydrogen iodide from hydrogen and iodine, and
equilibrium constant calculated from the ratio of ki and fe- Line
3"asobtained by dividing fc, by  and plotting the values so ob-
tained.  The points for the plotting are not shown since this
lireis derived from the other two; crosses indicate the values

Table I. Heat Change at Break in Curves of Figure 7
Heat of lonization, Calories/Mole
" Change due
eak Electrolyte Below break Above break to break
. . 13,600 12,600 1000
?**enzoic acid 4,230 3,010 1220
M ndtroaaetate 732 91 823
y roxiae 2,150 1,110 1040
y . . -732 -1,660 928
Jdroxybenzoic acid 732 ‘548 1280

Average 1060

Figure 7 is a plot of ionization constants for several

weak electrolytes. As mentioned before, these lines

break at about 250C. The heat change shown by this
break may be calculated by determining the slope of the straight
line just below and just above the break. By subtraction, the
heat change at the break is determined. These values are given
in Table I.

Since all of the ionization constants were calculated from the
concentrations of the ions in gram moles per liter of solution,
the heats of ionization obtained from the slopes are expressed in
calories per mole. Table I indicates that the change in the heat
of ionization shown by the breaks in the lines is approximately
the same for all cases represented. This seems to show that the
change was not due to the electrolyte but rather to the solvent,
which was water in all cases. There is probably some change in

mm.)

Figure 6. Log Plot of Reaction Rate Constant
for Alkaline Hydrolysis of Esters vs. Vapor
Pressure of Water at Same Temperature

1. Propyl acetate 4. Isobutyl acetate
2. Butyl acetate 5. sec-Butyl acetate
3. Isobutyl acetate 6. i«ri-Butyl acetate

Arrows indicate whether the left- or right-hand scale is to
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Figure 7. Log Plot of lonization Constant
for Weak Electrolytes vs. Vapor Pressure of

Water at Same Temperature

Line Ki, Multiply
No. Weak Electrolyte Vertical Scale by

1 W ater 10"»

2 m-Nitrobenzoic acid 10 -s

3 Methyl cyanonitrosoacetate 10"6

4 Ammonium hydroxide 10"6

5 Toluic acid 10 "s

6 m-Hydroxybenzoic acid 10-*

state of the water at the point where the curves break. The con-
version from one polymeric state to another which occurs for
pure water not far from this temperature (1) is the most likely
explanation for the breaks.

Assimilar break in the straight lines was obtained in correlations
for viscosity (8) and surface tension (11). For the viscosity curve
of water, the break in the line is equivalent to the same change
in heat (1090 calories per mole) as was obtained for the break
in the ionization curve. For the break in the surface tension
correlation, the slope has not been defined in usable heat values.

SOLUBILITY PRODUCT CONSTANT

For ionizable materials that are very slightly soluble in water,

the product of the ion concentrations is a constant. This con-
stant may be used in Equation 4 to give:
INnKp=4]"1Inp + ¢ (11)

Figure 8 shows a plot of solubility product constants as a group
of straight lines for several slightly soluble salts.

OTHER REFERENCE SCALE

In all the plots presented, the vapor pressures of some liquid
was used as the reference scale. If, however, two van’t Hoff
isochores are combined rather than one isochore with the Cla-
peyTon equation, the reference scale may be that of the equilib-
rium constant of the reference substance; the slope of the line
will be the ratio of heats of reaction:

\nKc=H InKt+ C (12)
Any of the four types of equilibrium constants may be used

as the reference scale, but in the usual case the method using
vapor pressures will be found to be the simpler.

Vol. 38, No. 4

Vapor

Figure 8. Log Plot of Solubility Product
Constant vs. Vapor Pressure of Water at
Same Temperature

Line Kap, Multiply
No. Salt Vertical Scale by
1 Lead iodate 10 "1«
2- Lead fluoride io-*
3 Silver chloride "
4 Barium sulfate 10"11
5 Calcium oxylate 10-«
NOMENCLATURE
C = constant of integration
E = energy of activation
AU = increase in total internal energy
AEi = heat of ionization
AH = change in heat content for reaction
kx = specific rate constant of forward reaction
h< = specific rate constant of reverse reaction
Kc = equilibrium constant expressed in concentrations
Ki — ionization constant
Kp — equilibrium constant expressed in partial pressures
K,p = solubility product constant
L = latent heat of reference substance
An = change in number of moles during a reaction
P = vapor pressure of reference substance
li = gasconstant
T = temperature
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COTTON WAX . .

Properties and Constituents

TTON fibers are coated with a thin layer of waxy organic

material which is present to the extent of only a fraction of
1%of the weight of the cotton. This substance, called “cotton
waxX’, has a consistency similar to that of beeswax, has a charac-
teristic bad odor, and is dark greenish-brown in color.

Numerous research workers (1, 2, £-9, I/f, 19) have investi-
gated the constituents of the wax and found it to consist mainly
dfgossypol and montanyl alcohols, small amounts of other alco-
hals, glycols, glycerol, sitosterol, a- and /3-amyrin, lupeol, hydro-
carbons, palmitic, stearic, and carnaubic acids, small amounts of
gossypic, montanic, and oleic acids, and unidentified resinous
substances. Palmitic, stearic, oleic, and melissic acids occur as
esters only; palmitic, stearic, and oleic aeids are also present as
glycerides. Carnaubic and montanic acids, in the light of more
recent terminology, are actually mixtures of several acids.

Previous investigators were handicapped by the small amount
ofwax present on the bulky cotton and, consequently, had diffi-
cultyin working with large quantities of cotton to obtain workable
quantities of cotton wax. Samples of 330 and 750 grams, re-
spectively, have been investigated '(6, 9). Because of the nature
of the wax and the difficulties encountered, previous analytical
work has included Only qualitative reports on the individual con-
stituents present and incomplete data on the characterizing con-
stants.

The wax for this investigation was obtained as a by-product of
apilot plant operation in which 100-pound batches of Texas cot-
ton fiber were extracted with hot benzene. The wax is present
tothe extent of 0.2 to 0.7% of the weight of the fiber, so that ap-
proximately 25 pounds of wax were recovered from the 10 bales
of cotton extracted in the pilot plant.

The benzene solution of the crude wax was filtered through a
wire mesh screen to remove stray fibers, leaf particles, stems,
hull fragments, and sand, and was blended with the wax solutions
fromother extractions. The solvent was then evaporated to ob-
tain a homogeneous representative sample of wax which was used
for all investigations. The wax had a dark greenish-brown color
anda characteristic disagreeable odor.

To ensure complete removal of the wax from the fiber, the use
of numerous solvents was studied, such as diethyl ether, benzene,
toluene, xylene, petroleum hydrocarbon solvents (Skelly sol-
vents), chloroform, and carbon tetrachloride. All gave complete
removal of the wax from the fiber.

PHYSICAL CONSTANTS

The physical constants determined on cotton wax include
those customarily reported for waxes and are listed in Table I.
The melting point of the wax was determined according to the
following procedure: The lower 12 mm. of a 5-cm. glass tube, 7
Am. in diameter, was filled with molten wax which was then
alloned to cool and solidify. The tube was attached with a
rubber band to a calibrated thermometer and placed in an
agitated water bath so that the lower part of tube extended to a
depth of 4 cm. below the surface of the liquid. The water was
Heated and, after thermometer corrections had been applied, the
temperature at which the wax plug moved up in the tube was re-
corded as the melting point.

Specific gravity was determined by the conventional manner of
Weighingthe wax sample in air and in distilled water at 150C.

1 Present address, Massachusetts Institute of Technology, Cambridge,
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The saponification value was found by the standard procedure
on 3-gram samples dissolved in 10 ml. of toluene and refluxed for
8 hours with 0.5 N potassium hydroxide. A blank was run, and
corrections were made accordingly in calculating the saponifica-
tion value. If n-propaneol is used as solvent for potassium hy-
droxide instead of ethanol, the saponification time can be re-
duced from 8 to 2 hours with no loss in accuracy.

The acid value was determined on triplicate samples of cotton
wax, which were dissolved in 50-ml. portions of hot isoamyl al-
cohol and titrated with 0.5 N alcoholic potassium hydroxide
using phenolphthalein as the indicator. A blank was also
necessary.

The ester value is the numerical difference between the saponi-
fication and acid values. It indicates the degree to which the
fatty acids present are combined as esters.

The iodine number is a measure of unsaturation and is expressed
in terms of grams of 12 per gram of wax. Hubl’s method (17) was
followed.

The acetyl value is a measure of the alcoholic hydroxylic
grouping's of one gram of wax. It is expressed as the number of
milligrams of potassium hydroxide required to neutralize the
acetic acid liberated from the hydrolysis of one gram of acetylated
fat or wax. The procedure given Hilditch (12} was followed.

The percentage of unsaponifiable matter and mixed fatty acids
was determined in the same analysis. Twenty grams of wax
were dissolved in 100 ml. of benzene and saponified with 750 ml.
of 0.5 N potassium hydroxide. After refluxing 12 hours, 350 ml.
of alcoholic calcium chloride (40 grams per 500 ml. of etlianol)
were added, and refluxing was continued for another 2 hours.
Completeness of the reaction was checked by adding a drop of
sodium oxalate solution to test for excess calcium chloride which
should be present. The insoluble soap mixture was then ex-
tracted with hot ethanol in a Soxhlet extractor followed by hot
acetone and ethyl ether.

The solvent extractables were collected, the solvent was evapo-
rated and any alkalinity present was neutralized -with sodium
bicarbonate, washed thoroughly, dried, and weighed. The wash-
ing was accomplished by heating with boiling water; the alco-
hols, being insoluble, rise to the surface as a separate liquid layer
which can be removed as a cake after they have cooled and hard-
ened. Since the alcohols have a strong tendency to form emul-
sions, they can be dried by redissolving in benzene, followed by
evaporating the solvent.

The calcium soaps were refluxed with 20% hydrochloric acid
and cooled, and the cake of mixed acids was removed from the sur-
face of the liquid. The acids were washed with boiling water,
dried, and weighed. The difference between the weight of original
sample and the sum of acids and unsaponifiables was reported as
insolubles or inert matter.

Tabte |. Properties of Cotton Wax
Melting point, ° C. 68-71
Specific gravity, 15/15° C. 0.959
Saponification value, mg. KOH/gram 70.6
Acid value, mg. KOH/gram 32.0
Ester value, mg. KOH/gram 38.6
Acetyl value, mg. KOH/gram 73.1
lodine number, grams 1j°/100 grams 24.5
Fatty acids, % 25
Unsaponifiables, % 69
Hehner value, % 100
Reichert-Meissl value, ml. 0
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The Hehner value was obtained by the commercial method de-
scribed by Hilditch (11).

. The Reichert-Meissl value was determined by the usual distilla-
tion procedure (16).

CHEMICAL ANALYSIS

*The wax was saponified with alcoholic potassium hydroxide.
The acids were precipitated as calcium salts, extracted, etc., by a
method similar to that described for determining fatty acids and
unsaponifiables. The difference was that 200-gram samples in
triplicate were employed, and the amounts of all reagents were in-
creased proportionally.

The fatty acids, which were recovered from their calcium salts
by treatment with 20% hydrochloric acid, were collected on the
surface as a liquid, cooled, removed, washed, dried, and weighed.
The cake was black in color and very hard and brittle in texture.
The melting point, acid value, saponification value, and mean
molecular weight (calculated by dividing 56.1 by the grams of
potassium hydroxide required to neutralize 1 gram of fatty acid
mixture) of the fraction were determined to gather some knowl-
edge as to the properties and constitution of the fatty acids and
to the completeness of separation.

The acids were separated into saturated and unsaturated frac-
tions by taking advantage of the difference in solubility of metal-
salts of fatty acids in organic solvents (10). The mixed fatty
acids were converted to the lead salts according to the method
given by Hilditch (13, 18) and extracted with slightly warm di-
ethyl ether. The ether solution was evaporated, and the acid
was recovered by regeneration with 20% hydrochloric acid, dried,
and weighed. The,insoluble lead salts were treated similarly.

The unsaponifiable extract, consisting mainly of alcohols,
sterols, and hydrocarbons, was separated into two portions. One
contained the hydrocarbons, which were isolated and weighed acT
cording to Leys’ method (15) employing isoamy! alcohol and fum-
ing hydrochloric acid. The other, the alcohol and sterol portion,
was further separated by the method described by Cochenhausen
(3) to give a quantitative measure of the amounts of sterols and
alcohols present. This procedure employs concentrated sulfuric
acid and extraction with petroleum other and absolute ethyl al-
cohol to separate the sterols and alcohols via alkyl sulfate forma-
tion of the alcohol portion. The unaccounted for portion of the
wax is recorded as insolubles or inert matter; it includes any
water-soluble glycols and glycerol obtained in the saponification
and also the inherent experimental errors accompanying an analy-
sis of this type.

Table Il gives the proximate analysis of the wax, and Table 111
shows the properties of the individual components separated.

DECOLORIZATION

The dark color of cotton wax, which makes it unsuitable for
some industrial purposes, can be reduced and in some instances
completely removed. The resulting decolorized wax ranged in
color from a faint yellow through lemon yellow to a light orange,
depending on the method employed.

Among the substances which removed the objectionable dark
color were activated carbon, fuller’s earth, and combinations of
the two. The wax can be treated either in the molten state at
elevated temperature or in solvent solution; the latter gives bet-
ter results. The degree of decolorization was proportional, but
not linearly, to the amount of agent used. Several successive
small dosage treatments were much more efficient than a single
large dose and gave a final product of better color. The length of
contact time for the agent and the wax was not critical. Absorp-
tion was almost instantaneous so that the detention period re-
quired was only a few minutes. The degree of decolorization
finally obtained at equilibrium conditions increased with temper-
ature.
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Tabte Il. Composition op Cotton Wax
Fatty acids 25%
Saturated 24%
Unsaturated 1
Unsaponifiable matter 69
Alcohols 52
Sterols 10
Hydrocarbons 7
Inert matter 6
100%
Table I“ Properties op Acids, Alcohols, and

Hydrocarbons in Cotton W ax

Melting Boiling Mg. KOH/Gram  \jeqn
Point, Point, Acid Saponifica- Mol.
°C. °C. value tion value Weight
Fattv acids 84 132.0 132.0 425
Alcohols 61 0 0
Hydrocarbons 68 264-340 0 0

In removing the color, activated carbon and fuller’s earth re-
moved some of the fatty acids, as shown by lower acid and saponi-
fication values for the decolorized wax (14.9 and 40.1 mg. potas-
sium hydroxide per gram of wax, respectively); but no change of
melting point (70° C.) occurred. The highest, efficiency in color
removal obtained in any case was 97.5%.

"Numerous chemicals have been used to bleach waxes; among
them are chlorine, hydrogen peroxide, sodium metal, calcium hy-
pochlorite, nitric acid, sodium chromate, potassium permanga-
nate, benzoyl peroxide, sodium peroxide, and magnanese dioxide.
All of these were tried in concentrations varying from 1to 20%,
with the wax at temperatures varying from room to 100° C,;
however, only calcium hypochlorite, chlorine, and hydrogen per-
oxide provided any bleaching action. Basic bleaching agents such
as sodium peroxide could not be used because they saponified
the wax. Powerful oxidizing agents like potassium dichromate
in dilute acid or acidified potassium permangante, when used in
concentrations in excess of 5%, carbonized the wax. Combina-
tions of bleaching and treatment with activated carbon also gave
decolorization. None of these treatments alter the melting point
of the wax.

SUMMARY

Co,.tton wax is medium high melting, compared to other vege-
table waxes. It differs from most commercial waxes in that it is
not predominantly an ester, but contains smaller amounts of
fatty acids and larger amounts of free alchols as shown by high
acetyl value and percentage unsaponifiables. The wax is not
hard and brittle at room temperature but has a consistency
comparable to that of beeswax; its dark color and obnoxious odor
can be removed by decolorizing and bleaching agents. The mean
molecular weight of the fatty acids portion indicates that the
preponderance of acids present may be cerotic and melissic.

The wax blends well with other natural waxes and resins and
has been formulated into pastes and emulsion polishes, lubricants,
leather dressings, %vaterproof preparations, crayons, paints, paper
auxiliaries, adhesives, etc., individually and as blends with other
Waxes.

Whenever requirements demand a wax of medium-high melting
point, qualifications generally filled by a vegetable wax, cotton
wax should be satisfactory.
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Solubility in Common Solvents

rence to complete removal of the wax from the fiber (1), but
becage of the limited quantities of %ex available, no attempt
msmade to obtain solubility curves. Pickett (£) suggested that
ioiubility-tcmperature curves be determined by dissolving
weighed amounts of wax in 100 grams of solvent, heating to dis-
ghewax, cooling, and recording the cloud point as the satura-
timtemperature. This method allows the least soluble constit-
wsto dictate the cloud point, and it is impossible to observe
accurately the cloud points of dark colored solutions like those of
ootton wax.

Awide range of representative solvents were chosen, including
treecommonly employed industrially as wax solvents: benzene,
toluere, xylene, turpentine, chloroform, fcarbon tetrachloride,
abm disulfide, Skelly solvent C, methyl, ethyl, w-propyl, n-
buyl alcohol, ieri-butyl, and isoamyl alcohols, acetone, diethyl
dher, ethyl acetate, and glacial acetic acid. All were reagent

-I'HE solubility of cotton wax was studied by Fargher with ref-
e

I Cotton wax was placed in 250-ml. flasks with 200 grams of sol-
>at The flask was put into a thermostatically controlled water

BENZENE
TOLUENE
XYLENE
TURPENTINE

PONRp

30 40 50 60

TEMPERATURE-'C.
Figure 1.

70

bath at the desired temperature, and agitated or shaken until
equilibrium was reached between the solvent and the wax (gen-
erally 2-4 hours). This time was increased to 8 hours in order to
ensure complete penetration of the solvent into the granulated
wax. Care was taken that, a large excess of wax is present at all
times. Then samples were siphoned off into closed, tared weigh-
ing bottles and weighed, the solvent was evaporated at 105° C.,
and the remaining wax was weighed.

The temperature range of the bath, which had both heating
elements and cooling coils, was controllable from 0° to 95° C.
However, since most of the boiling points of the solvents were
considerably lower than 95° C., the upper limit of the bath was
no handicap. No solubility values were determined above 70° C.,
the melting point of cotton wax. A minimum of ten temperatures
at which the solubility of the wax was experimentally measured
were chosen for each solvent between 0° and 70° C.; thus, there
were always ten points from which to plot the curve. The solu-
bility is expressed as grams of wax per 100 grams of solvent.

The solvents can be broken down into two general groups.
In one (Figure 1) the cotton wax was readily soluble (more than

1. CARBON TETRACHLORIDE

2 CARBON' DISULFIDE
3. CHLOROFORM
4. SKELLY SOLVENT C

30 40
TEMPERATURE -’C.

20

Curves for Solvents in Which Cotton Wax Is Readily Soluble
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. METHYL ALCOHOL
ETHYL ALCOHOL

. n-PROPYL ALCOHOL
n-BUTYL ALCOHOL
. ISOAMYL ALCOHOL

U1 W QO —

TEMPERATURE -"C.

Figure 2.

20 grams per 100 grams of solvent at 55° C.); in the other group
(Figure 2) the wax was difficultly soluble (less than 20 grams per
100 grams of solvent at 55° C.). The solvents'in the latter group
seemed to exert some selectivity in dissolving the different com-
ponents present in cotton wax.

SOLVENT FRACTIONATION

The solvents of the group which exhibited poor solubility and
evidences of selective solution or extraction of certain components
of the wax were the subject of further investigation. Information
thus obtained would be desirable and useful from a purifying and
manufacturing viewpoint.

Tabie | Solvent Fractionation of Cotton W ax
Solvent Sol. Fraction, % Insol. Fraction, %
Methanol 56
Ethanol 3
n-Propanol ﬁ
n-Butanol 5
Acetone 45
Tabte Il Properties of Solvent-Extracted Fractions of

Cotton W ax

Melting Mg. KOH/Gram

Point, Acid Saponifica-

Solvent Fraction °C. value tion value
Methanol Sol. 65 16.5 50.0
Insol. 79 44.9 97.0
Ethanol Sol. 63 20.3 60.4
Insol. 75 30.3 99.3
n-Propanol Sol. 63 20.4 64.3
Insol. >100 145.3
n-Butanol Sol. 69 26*3 69.2
Insol. >130 150.5
Acetone Sol. 62 207 62.1
Insol. 60 53.0 63.3
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Curves for Solvents in Which Cotton Wax Is Difficultly Soluble

The solvents selected to divide the wax into soluble and insolu-
ble portions were acetone and methyl, ethyl, n-propyl, and n-
butyl alcohols. Two-hundred-gram samples of cotton wax were
extracted in Soxhlet extractors with the hot solvent until the
effluent liquid contained no wax. After evaporation, these differ-
ent fractions were weighed and analyzed to determine melting
points, acid values, and saponification values (Tables I and II).
Analytical procedures were those outlined in preceding article.

SUMMARY

Cotton wax was more soluble in aromatics and chlorinated dli-
phatic solvents than in aliphatic solvents of low molecular weight
containing oxygen in the molecule, especially if these were alco-
hols. For temperatures in the range 0°to 70° C. the solubility of
the wax increased as the chain length of normal alcohols in-
creased; the cotton wax exhibited only slight solubility in the
lowest member of the series, methanol. The alcohol-soluble frac-
tions mere noticeably lighter in color (generally light milk-choco-
late brown) than the insoluble portions, which were dark bronnar
black. There was a deepening in color between the soluble frac-
tions obtained with different alcohols; that is, the methanol-
soluble fraction was lighter in color than the ethanol-soluble frac-
tion. The color becomes darker as the molecular weight of alco-
hol increases. The fractions insoluble in n-propyl and «-butyl al-
cohols were hard resinlike substances, which were soluble in ben-
zene and melted above 100° and 150° C., respectively.

The saponification and acid value of the soluble fractions in-
creased as the aliphatic alcohols increased in chain lengths. Like-
wise, the saponification value of the insolubleiractions increased
but not to so great an extent.
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Effects of Molecular Structure on
Physical Properties of Butyl Rubber

PAUL J. FLQRY1

Esso Laboratories, Standard Oil Development Company,
Elizabeth, N. J.

The investigation here described was undertaken in an
attempt to establish the fundamental connections which
must exist between physical properties of a typical vul-
canized rubberlike polymer and its chemical structure.
Thestructural variables to be considered are the molecu-
lar weight of the “primary molecules” entering the
mlcanizate, their molecular weight distribution, and the
concentration (or frequency) of cross linkages introduced
during vulcanization. The molecular weights of the
Butyl rubbers were determined by previously established
procedures; effects of molecular weight heterogeneity
«eresuppressed by careful fractionation from very dilute
solution. An indirect method, based on the theory of
gelation and on the observation of critical molecular
»eight for incipient gelation (partial insolubility) in
"vulcanizates” formed when the cross-linking capacity
isfixed, has been employed to determine the frequency of

T ISnow generally agreed that vulcanized rubber possesses a
I network structure made up of cross-linked long-chain mole-
ades. During vulcanization the cross linkages, consisting of
primery valence bonds of one sort or another, are introduced at
occasional junctures between the essentially linear polymer
nolecules of the raw rubber, natural or synthetic. In this process
thesolublo, semiplastic raw rubber is converted to an inherently
insoluble, nonplastic material of high strength and durability.
Tliis drastic change in properties is attributed to the network
structure which emerges as a consequence of the cross linkages.
The almost total insolubility of the vulcanized rubber indicates
that nearly all of the raw rubber molecules become a part of the
network, which extends throughout the piece of rubber.  Various
linesof evidence show that only a minute fraction of the structural
twits of the primary rubber molecules enter into cross linkages.

Whereas this qualitative concept has gained almost undis-
puted acceptance, its logical extension toward quantitative for-
mulation of the network structure has not been carried through.
Progressin this direction has been hampered by a lack of suitable
experimental methods and theoretical principles pertaining to
polymeric network structures. It is obvious that the two basic
vanables which characterize the network structure are (a) the
lengths or molecular weights (including the molecular weight
Jistribution) of the primary rubber molecules, and (6) the fre-
quency, or concentration, of cross linkages between them.
Neither of these has been subjected to systematic quantitative
evaluationin rubber valcanizates.

Recent advances in structural chemistry of high polymer sys-
tens made it evident at the beginning of this investigation that

of these quantities which characterize the network struc-
ture should be amenable to quantitative measurement. The
engths of the primary molecules of which the vulcanizate is
™posed can be established by determining the molecular

‘Htght immediately preceding vulcanization. Methods for the
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occurrence of cross-linked units—a quantity not hitherto
evaluated in a vulcanized rubber. In representative
pure-guin vulcanizates of Butyl the molecular weight per
cross-linked unit ranges from about 35,000 to 20,000, de-
pending (inversely) on the diolefin content of the raw
rubber. Micro compounding and testing procedures
have been devised for evaluating the necessarily small
samples obtained in fractionation. Complete evaluation
of tensile strength, stress-strain characteristics, swelling
in solvents, and creep rate can be obtained with as little
as 3 grams of rubber. Results are no less reproducible
than those obtained with conventional procedures requir-
ing 50 grams or more. A number of relationships be-
tween Vulcanizate structure and physical properties have
been established. The feasibility of a rational approach
to the interpretation of properties of rubber vulcanizates
in terms of molecular structure has been demonstrated.

measurement of molecular weights of high polymers have been
developed within the past few years which obviate any serious
difficulty in this phase of the problem. Determination of the
concentration of cross linkages presented greater difficulties.
The conventional process by which the cross linkages are intro-
duced (sulfur-accelerator vulcanization) clearly is not a simple
chemical reaction (2) from which their number could be deduced
from chemical analysis or stoichiometric relations. Indirect
determination of the degree of cross linking is feasible, however,
with the aid of recently developed theoretical treatments of the
process of network formation (10, 29).

Once the basic structure of vulcanized rubbers can bo sub-
jected to quantitative measurement, a new approach to the un-
derstanding of the physical properties of rubbers can be realized.
It then becomes possible to establish relationships between physi-
cal properties and vulcanizate structure, a field which has been
neglected in the past.

Of the various known vulcanizable rubberlike polymers, Butyl
(SO), a copolymer of isobutylene with a very small percentage of a
diolefiti, is best suited to an investigation of the type described
here. Its chemical stability, particularly towar.d oxidation, per-
mits the necessary operations involved in the separation of the
polymer into fractions of narrow molecular weight range to be car-
ried out without degradation or other chemical changes. The
fractions so obtained can be mixed with compounding ingredients,
on a mill in a conventional manner without encountering an in-
tolerable degree of breakdown. Thus, the characteristic molecu-
lar weight and structure of the sample can be preserved up to the
vulcanization step. The susceptibility of natural rubber 'to
oxidative degradation and to mechanical breakdown would render
the execution of a similar investigation on this substance ex-
ceedingly difficult if not impossible. GR-S and certain other
synthetic rubbers undergo other oxidative changes which might
be equally disruptive. Deviations from linearity in the struc-
tures of their primary molecules adds a further complication not
encountered with Butyl rubber.
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A further merit of Butyl forthe purposes of the present investi-
gation is the facility with which the degree of cross linking can be
controlled by manipulating the amount of diolefin introduced into
the polymer during synthesis. Finally, it possesses many of the
physical properties of natural rubber, concerning which there
is a greater background of fundamental information than for any
other rubberlike material. Such properties include (SO) high
tensile strength, both with or without carbon black, the ability to
become highly crystalline when stretched, and a simple linear
chain structure.

MICRO COMPOUNDING AND TESTING

In order to eliminate the effects of molecular weight hetero
geneity, or at least to suppress them sufficiently, it was necessary
to employ carefully fractionated samples of Butyl rubber in most
of the work. Effective fractionation requires the use of very
dilute solutions (6, 11); hence, the size of the individual fractions
obtained is limited by the volume of solution which can be
handled. Conventional compounding and testing methods re-
quire a minimum of 50 grams of rubber, a quantity considerably
beyond the range of laboratory fractionation. It was necessary,
therefore, to devise compounding and testing procedures ap-
plicable to fractions of the maximum size which it was practical
to prepare by laboratory fractionation—i.e., about 10 grams.

These micro com-
pounding and test-
ing procedures are
essentially adapta-
tions of the con-
ventional methods
employed with
larger samples. [In
this connection, the
small .scale evalua-
tion procedures de-
scribed by Garvey

Figure 1. Dimensions of Tensile (16)

Dumbbell (in Inches) ate between our
micro methods and
those usually em-

ployed.] Within the range of the experience gained in the pre-
sent work, no significant disadvantages in the micro methods
have becomeapparent; furthermore, less space is required and
the equipment isless expensive thanthat for the standard pro-
cedures. Tests on equivalent vulcanizates demonstrate that the
micro procedures for compounding, curing, and testing of tensile
strength and modulus are at least as accurate and reproducible
as the conventional methods; the results obtained by the two
procedures are approximately the same.

Compounding. All ingredients were weighed on an analytical
balance and mixed on a 3 X 8 inch laboratory mill equipped with
a movable center guide (16). This ﬁuide was placed at a distance
from the end guide, depending on the size of the sample, such as
would assure a small bank at a mill roll setting of 0.010 to 0.015
inch. By placing the center guide only 0.5 inch from the end,
less than 2 grams of rubber could be compounded. Compounding
ingredients were added immediately to the rubber after banding
on the mill. The batch was cut sjx times from each side during
a 10-minute milling period; then it was sheeted oft and reweighed.

The mill rolls were maintained at about 130° F. during com-
pounding of the high-moleeular-weight fractions (above about
200,000). At low temperatures breakdown becomes excessive.
Fractions of lower molecular weight which were too plastic to
handle on warm rolls, could be nulled at 70° F. without break-
down. Below a molecular weight of about 70,000 the material
was too plastic to be handled even on cold mill rolls. Such frac-
tions were mixed bg hand in a polished iron mortar, which was
heated to about 170° F.

The marked effect of temperature on breakdown of Butyl aJJ-
pears to be due to crystallization under the intense shearing condi-
tions encountered on the mill.  Crystallization renders the rub-
ber much less plastic and thereby increases greatly the shearing
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stresses, which become sufficient to cause rupture of the chairs.
Elevation of the temperature eliminates the tendency of the rub-
b%r dto crystallize under deformation, and breakdown is dimin-
ished.

Vulcanization. Micro tensile sheets were cured in molds, 25
inches long and 0.025 inch thick, and either 1 or 1.75 inches wice.
The former required a minimum of about 1.6 cc., and the latter
about 2.5 cc. of stock, allowing for overflow. Dumbbells having
the dimensions shown in Figure 1 were out from the sheets.
Three could be cut from one of the former, and six from one of the
latter. Rings suitable for stress-strain measurements were
molded 1.025 inches in outside diameter, 0.050 inch thick, and
either 0.10 or 0.25 inch wide. Thus, from as little as 3.5 cc. of
rubber, two cures could be obtained, each to furnish three test
dumbbells, An additional gram was required for two rings for
stress-strain measurements.

Recipes. The following recipe was employed in all pure gum
compounds:

Butyl 100 parts

Sulfur 1.5

Zinc oxide 1.0

Tetramethylthiuram disulfide 1.0

The recipe for the compounds containing 50 parts of carbon black
was as follows:

Butyl 100 Zinc oxide 5.0
Channel black 50 Tetramethylthiuram

Sulfur 2.0 disulfide 1.0
Stearic acid 3.0

These recipes were chosen somewhat arbitrarily. They are nat
necessarily the best from the standpoint of optimum tensile
strength or maximum modulus.

Po ¥1mers having different degrees of unsaturation were cured
with the same proportions of ingredients. A rather large amount-
of evidence (to be shown later) indicates that, for a given recipe,
the percentage utilization of unsaturation in the formation of
cross linkages is almost independent of the degree of unsaturation
over a wide range. Doubling the proportions of sulfur, zinc
«oxide, and accelerator in the pure gum recipe affects the moduli
and swelling ratios of rubbers of different unsaturations (cured
60 minutes) by factors which are about the same:

Approx. Mole Modulus at 300%, Swelling
% Diolefin Recipe Lb./sq. In. Ratio
0.5 Standard 78 8.05
Double 99 7.13
Ratio int d.1A27 1.13
1.0 standady C INtErMeai- o 6.45
Double 149 5.50
Ratio 1.28 1.17

Hence, the influence of diolefin content per se is obtained with the
least ambiguity by fixing the curin%recipe. o

This recipe was selected rather than one containing a greater
proportion of curing ingredients because of the lower sensitivity
to time of cure. An effort was made to cure (at 307° F.) for
times which yield approximately the maximum degree of aoss
linking as judged by modulus or swelling. For the low-unsatura-
tion Butyl rubbers this stage is reached at about 60 minutes; from
30 to 40 minutes are required for the high-unsaturation Butyls.
Excessive times of cure lead to gradual “reversion” which we
presume to be due to a competing degradative process.

Physical Testing. Tensile strengths were measured on a Scott
X-5 pendulum-type tester equipped with hinged roll clamps; the
rolls were 0.25 inch in diameter. Through the use of different
weights on the pendulum, any one of four scale ranges, from 0to
2, 5, 10, or 20 pounds, could be employed. The rate of extension
was about 6 inches per minute. This is less than the AST.M
specification of 20 inches per minute, but the greater part of this
difference is justified by the difference in length of our dumbbell
as compared with that recommended by the A.S.T.M. Elon(];a-
tions were estimated from the distance between marks, initially
0.50 inch apart, as measured with a ruler.

Stress-strain curves were determined on the same instrument,
equipped with ring test spools 0.25 inch'in diameter and a scale
for indicating the distance of separation of the spools. Both
spools were mounted in roller bearings, the lower one being rotated
by a chain and sprocket in order to ensure even distribution g
strain over the rubber ring. The rate of separation corresponded
to about 300% elongation per minute. A spark recording ol the
tension scale reading was taken at regular elongation intervals.®

Swelling Measurements. A modification of the method em
ployed by Whitby, Evans, and Pasternack (35) was used, irftff
ments from the tensile sheets or rings amounting to about u”
gram, weighed to £0.2 m/g., were ‘placed with 50 cc. of c.p. o

exane containing 0.01% phenyl-jS-naphthylamine in a gia&f
stoppered weighing bottle. ~ After standing 48 hours in the da
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jircomtemperature, the swollen sample was placed in a weighing which had been selected fell into two classifications. The first

trttle containing filter paper to blot off excess solvent. “The jncludes polymers I, 11, and I11 (Table 1) which contained about

Iqtﬂme acyasc?gg?;ézdwgrﬁdmt/ﬁg%egt,ﬂ%hZnsgrrr:]polfselvf?lstgfrggggrd,wg}g 0.5 mole % of diolefin units; those of the second group, consist-

weiged The difference represents the weight of swollen ~ ing of polymers IV and V, possessed slightly over 1.0 mole % of
gyne.  The percentage of soluble components was determined diolcfin. These will be referred to merely as the low- and high-
Yyevaporating the cyclohexane solution to dryness and weighing  ynsaturation polymers, respectively. These terms arc relative;

I'gtgg?"dlﬁe '\I;Vr;eig%/\t/eé hrt-u8;e‘?hi%m{'ﬁésgwcﬁ?éﬂy!,aurmgﬁizgfg v(\jgé the so-called high-imsaturation polymers contained only a little

ticn as the difference between the original sample weight and over 1% of the unsaturation occurring in natural rubber and most
tieweight of the extractable material. of the other synthetics.

Thevolumes of rubber and solvent in the swollen sample were

alculated from their respective weights and their densities at

ZC (0.93 for the pure-gum Butyl compounds?. The swelling

diois expressed as the ratio of the total volume of swollen Tabte | Characteristics of Crude Btjtyl Polymers from
arpleto the volume of dry (insoluble) rubber it contains. Which Fractions Were Separated o
CQeep Measurements.  Square-end dumbbells, 0.100 inch wide bol Jptrinsic “/l'JO'_eB%DD'(;J'EJ'n
oga 1.5-inch length, were cut with a die from the tensile sheets Designation S "MV" X io-=  Ozone Degradation0
ff0 test specimen). The sample was suspended at one end, 1 2.20 820 0.43

gda weight was attached to the other. Reference Igoints for 1" 1.32 370 0.54
wuring relative lengths were provided by piercing the sample A 43 428 952
wihshort wires 0.015 cm. in diameter at points about 3.5 cm. v 0.73 145 105
}prtwithin the uniform section of the test piece. The distance v 1.18 310 1.2

eeen the upper edges of these wires was determined with a “ These figures divided by 100 represent the ratios of diolefm to isobutylene

meesuring microscope equipped with a scale reading to +0.001 units in the polymer.
in Al tests were run in a constant-temperature room regulated
s125.0°+0.3° C.

Fraction?(t)i:)nt.h eDi%toalia{?i OC,?”S»?rQ;ﬂqufo g;a%tei?r%%\ll e%rercrigié%ﬂ?anr Molecular Weights of Fractions. The fractions employed in
veidt range were described previously {11). One hundred this investigation are listed in Table Il. The Roman numerals
gars (in a few cases, 50 grams) of the crude Butyl rubber were included with the identifying designation in the first column refer

dssohvedin 10 liters of thiophene-free benzene. Sufficient acetone to the raw polymer (Table I) from which the fraction was pre-

D e oot o 2o o’ frcibe  pared. The frations from a given raw polymer are artanged
wimwas allowed to occur while cooling slowly to 25.0° C. with approximately in the order of decre_asmg molecu_la_r weight. The
ald agitation. After the precipitated phase had settled, the ~ second column shows the proportions of precipitant (acetone)
igor was poured off and set aside. The precipitate was redis- used in separating the fraction from preceding and succeeding

awved in 6 liters of benzene and reprecipitated as before, using i R i initat-
iesame proportion of acetone to benzene. After separating the fractions. For example, polymer 1-2 was obtained by precipitat

jiur, this precipitate was coagulated and dried in vacuum at ing with 3.5 cc. of acetone per 100 ce. of benzene, the preceding
J®C. The liquors were combined, evaporated to remove »ace- fraction having been removed by 3.0 cc. of acetone per 100 cc. of
g made up to 10 liters with benzene, and a slightly larger benzene.

quertity of acetone was added to obtain the second fraction, Owing to faulty compounding- arid curing procedures in the
iliichwas reprecipitated in the manner mentioned above. After limi f the i Jo h fracti |
fict of the polymer had been separated in the form of fractions, ~ Preliminary stages of the investigation, much fractionated poly-
tievolumes of benzene used in each step were reduced. Proceed- ~ Mmer was wasted in the preparation of vulcanizates which, had to

;r%;‘rﬂ this IWa)i, a se_riﬁ? of Somt?t ten dfrfactions %f pri)gressiveTIy be discarded. Consequently in most cases two or more batches
ler molecular weights was obtained from each polymer. To i i i

asure good fractlona? separations (6).Ipolymer concentrations of the Same raw polymer were fractionated, which explains the
rtexceeding 1.0% were used in the first precipitation of each overlapping and duplicate fractions from the same polymer (Table

fration, and around 0.3% in the reprecipitation of high-molecu- I1).  Two fractions obtained between the same precipitant range

lar-weight fractions. are not, of course, identical, owing to the slight irreproducibility
of fractionation.

CHARACTERIZATION OF POLYMERS AND FRACTIONS A few of the fractions contained a larger percentage (column

Raw Polymers. The Butyl polymers were prepared by co- 3, Table II) of the raw polymer th_an _Was_lnte_nded. The some-

Mvmerization of isobutylene with small proportions of isoprene ~ What broader molecular weight distribution in these fractions,

low temperature (SO). Their intrinsic viscosities (Table 1) most of which were of high molecular weight, is not believed to

have introduced noteworthy errors.into the results.

we computed from the viscosities of their dilute solutions in h g
P The molecular weights of the fractions (column 5) were cal-

aiisobutylene at 20° C. “Intrinsic viscosity” as here employed

iscefined by the equation (20): culated from their intrinsic viscosities in diisobutylene, measured
I in/ as described above and in reference (11), using the equation,
i1 = (Inin/c
[l = (In i) logM = 5378 + 1.56 logfa] o)

»here ij, is the relative viscosity of a solution of concentration ¢
‘ugrams per 100 cc.) such that nr is less than about 1.4, but
gredter than about 1.15 in order to assure sufficient precision in
value of intrinsic viscosity. The molecular weights were cal-
aulated from the intrinsic viscosities by means of Equation 1
Themole percentages of diolefin units, or percentage unsatura-

This equation, previously established for polyisobutylenc (11),
was found to be equally applicable to Butyl polymers (12), as
would be expected.

The polymer fractions were by no means strictly homogeneous.
They are believed to have been sufficiently so, however, that the

renvalues (last column of Table 1) were obtained by the ozonoly- various average molecular weights differed only slightly. These

- differences between the averages should not be totally disre-,
%%Etmd of Rehner (25). These figures are accurate to about garded, and for this reason a brief discussion is included of the

interrelation of different average molecular weights.
The number, weight, and viscosity average molecular weights
are defined, respectively, as follows:

It was necessary to include two or more polymers of about the
sane unsaturation value but differing in average molecular
'mdgtin order to obtain sufficiently large fractions covering the
wired range of molecular weights. Selection of polymers of Tin = -SNiMi/ZNi %)
«actly the same molecular weight was not feasible, owing to i L
@ct that the more accurate ozonolysis method was not es- Ma = ZNIMIXNIMi ©)

Is%ed until much of the experimental work had been corn- Tr, = [sNiMs +V sAA/iF'1 @

ed. However, except for minor variations, the polymers I I
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Tabte Il. M olecular Weights of Fractions
Polymer % of
Fraction Intrinsic
Designa- tant Polymer in Viscosity
tion Range Fraction hi M X 10-3 M
-1 2.5-3 6.9 2.80 1200 2.63
1-2 3 - 3.5 7.4 2.30 875 2.05
1-3 2.5 - 3.25 36.3 2.18 . 805 1.98
1-4 3.25- 4 12.3 2.02 715 1.90
1-5 3.5-4 15.2 1.98 690 1.72
1-6 3..75- 4.5 1.77 580
11-1 4 - 4.5 1.87 * 635
n -2 4.,5 -5 18.4 1.41 410 1.37
11-3 5 - 55 10.7 1.19 310 1.19
11-4 5 - 55 13.0 1.27 345 1.12
11-5 5.5-6 8.7 1.12 285 1.02
11-6 5 - 6 22.9 1.12 285 P
1n-7 6 -7 9.8 0.89 200 0190
11-8 G - 7.5 18.5 0.81 172 0.81
11-9 7 - 8.5 14.2 0.75 152 0.75
11-10 7 - 8.5 12.0 0.72 143 0.75
11-11 8.5 -11 0.67 127
11-12 8.5 -11 (14 0.61 110 oiel
11-13 8.5 -11 5.5 0.60 108 0.60
-1 5 - 6 17.0 1.02
111-2 5 - 6 10.5 1*07 265
111-3 6 -7 4.0 0.93 213 0.92
«111-4 6 -'7 13.1 0.85 185
111-5 6 - 7.5 28.8 0.80 168
11-G 7 - 8 19.6 0.73 146 0.72
-7 7.5 -10 19.3 0.63 116
IH-8 8 -10 16.3 0.58 102 0! 60
11-9 10 -12 5.1 0.55 94
111-10 10 -12 15.9 0.515 85 0.515
-1 10 -12 10.3 0.50 81
111-12 12 -15 13.5 0.40 57
IH-13 12 -15 5.4 0.42 62
111-14 15 -20 9.5 0.36 48.5
111-15 15 -20 5.6 0.33 42.5
111-16 20 -30 5.7 0.284 33.5
111-17 20 -30 0.265 30.0
111-18 25 -35 4.0 0.24 25.8
111-19 30 -50 0.186 17.3
1v-1 5 - 6 13.6 1.20 410 1.23
V-2 6 -7 20.6 0.98 230 1.04
V-3 7 - 8 10.5 0.79 165 0.82
V-4 8 -10 0.67
V-5 9 -10 60 0! 66 125 0.65
1V-6 12 —15 10.0 0.43 64
1v-7 15 -20 6.0 0.35 46.5
V-8 20 -30 7.0 0.258 28.8
iy-9 30 -50 3.5 0.185 17 .1
V-1 0 -5 18.6 1.85 620 1.77
V-2 5 —5.5 15.0 1.57 480 1.57
V-3. 5.5- 6 6.2 1.36 385 1.40
V-4 6 -7 11,1 1.09 270 1.11
V-5 7 - 8 5.2 0.99 235 1.02
V-6 8 -10 18.8 0.76 155
V-7 12 -15 5.5 0.41 60
V-8 15 -20 3.8 0.36 48.5

a Since the lower fractions undergo no appreciable breakdown during compounding, their
Wherever the compounded (uncured)
molecular weight has been assumed in the discussion to be the same as the molecular weight
before mixing, that molecular weight is included in parentheses in the last column.

viscosities after mixing usually were not determined.

where Ni is the number of molecules of molecular weight Mi,
and the summations extend over all species in the mixture. The
quantity a in the formula for the viscosity average molecular
weight (11) is the exponent in the alternate form of the intnnsic
viscosity-molecular weight formula 1:

to) = KM\ (1A)

Thatis, 0 = 1/1.56 = 0.64 for polyisobutylene or Butyl rubber in
diisobutylene.  For a heterogeneous polymer I\lw necessarily
exceeds M n; their ratio is greater than unity by an amount de-
pendent upon the breadth of the molecular weight distribution.
For this value of a, M, lies between ilf» and M v, but much nearer
the latter. The intrinsic viscosity relates directly to this aver-
age, regardless of molecular weight distribution.

Equation 1is based Oll an empirical comparison (11) of the in-
trinsic viscosities (in diisobutylene) of fractions which were pre-
pared essentially as were those of Table Il with their absolute
mimber-average molecular weights determined by the osmotic
pressure method. Since the degree of heterogeneity in the frac-
tions employed here was therefore similar to those used in es-
tablishing Equation 1, it is clear that the M values in column 5,
Table II, represent nurgber averages of the relatively homogen-
eous fractions to a good approximation.

According to the theory of fractionation, in so far as it has been
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developed (6), we estimate that the heterogeneity of
the fractious was such that M* in general exceets
M nby some 10 to 15%; the viscosity-average molec-
ular weights of the fractions probably run about 10%

M x 10 higher than the M values in column 5 of Table Il
180 Likewise, when Equation 1 is applied to unfrac-
690 tionated polymers, the average molecular weight ob-
850 tained is about 10% below the true viscosity average

(M1 being half or less of Mv, depending on the hetero-
290 geneity). The molecular weights for the unfrac-
310 tionated polymers of Table | have not been corrected
285 by this rather uncertain factor; hence, they are

lower than the true viscosity averages by some 10%
202 . .
172 When the higher fractions were compounded m
152 the mill, some breakdown inevitably occurred in
1i& spite of the precautions discussed in the preceding
108 section. The degree of degradation was not large,
245 however. This is shown by the intrinsic viscosities
216 of the fractions after compounding (column &
(185) Table II), which were determined by dissolving
143* weighed samples of the compounded rubber (pure-
16§ gum recipe) in diisobutylene, correction being made

, for the weight of compounding ingredients. Inde-

85 . . .
(81) pendent experiments established that these did not
(62) alter the viscosity.
(48.5) In the degradation of polymers under the influence
(33 1s) of mechanical working of this sort it is known that

larger species are degraded preferentially. In con
(17.3) sideration of this fact and the relatively' small changes
330 which occurred, it is unlikely that the heterogeneity
250 R . -
175 was appreciably increased by milling. The nolec-
) ular weights based on intrinsic viscosities of tre
(64) compounded rubbers undoubtedly approximate num-
(46.5) . I

ber averages closely, in so far as heterogeneity isa fec-

tor in the samples.
280 Fractions of lower molecular weight survive mill-
490 ing without measurable degradation.  For this reason
245 intrinsic viscosities of many of the low-molccular-
oo weight fractions were not redetermined after com
(48.5) pounding. Some of the high-unsaturation frac-

tions intermediate in molecular weight showed

increases in intrinsic viscosity after compounding.
The onset of the vulcanization reaction to a minute
extent during milling may have been responsible for
this change, which in any event was too small to
warrant further consideration.

Diolefin Content of Individual Fractions. Rchner (24) shoned
that the isoprene units in Butyl rubber are distributed more o
less at random along the polymer chains. From this fact ad
the nature of the polymerization process it is to be expectcd that
the proportion of diolcfin unit« in high and in low-molecular-
weight fractions from the same raw polymer should be very nearly

Tabte Il Percentage Unsaturation Distribution among
Polymer Fractions
After Ozonolysis___

Polymer Before Ozonolysis "TMV" X Mole %
Fraction M X 10-» 10*/M hi io->  10*/AT DiolcBo
-4 345 2.9 0.179 16.3¢ 102 038
11-5 285 3.5 0.181 16.61- 100 0'53
-7 200 5.0 0.182 16 .8« 99 0'52
11-11 127 7.9 Q. 179 16.4 » 101 .
111(0-5)° 370 2.7 0.191 18.16 92 8'28
11-6 146 6.8 0.195 18.7¢ 89 0'47
111-12 57 17.6 0.179 16 .4& 101 0.48
111-16 33.5 29.9 0.165 14 4i~ 115 !

“ This sample, representing a first fraction from a fractionation of P°b me

11, is not included in Table II. . -t tribl
b The absolute viscosity-average molecular weights are slightly larfi

the figures given in this column (see text).
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Tabte V.- Mixtures op Fractions
IIMV" X 10“*
% Of Caled, from
Mixt. Polymer [71 Obsvd. [77] after
Designa- of Lower I;V] after Com- Mn X 10-*; Compound-
tion Mol. Wt. Caled.® pounding Caled. & ing
Series A
1-3 0 (2.18) 1.98 805 690
A-l 10 2.01 1.92 435 660
A-2 20 1.84 1.76 300- 575
A-3 40 1.51 1.43 183 415
A-4 65 1.09 1.02 124 245
111-10 100 (0.515) 0.515 85 85
Series B
-2 u 0 (1.41) 1.37 410 390
B-1 25 1.24 1.24 280 335
B-2 50 1.065 1.07 210 265
B-3 75 0.89 0.86 171 188
11-10 100 (0.72) 0.75 143 152
Series C
-1 0 (1.87) 635
C-l 10 1.71 1;53 210 465
C-2 20 1.55 126
C-3 35 1.31 1.3i 79 365
M7 100 (0.265) 30 30
Series D
1-0 0 (1.77) 580
D-l 40 1.32 1.21 240 320
D-2 65 1.05 1.03 175 250
11-H 100 (0.67) 127

1 Observed intrinsic viscosities of uncoznpounded individual fractions shown in paren-

theses; intrinsic viscosities of their mixtures calculated from Equation o.

1 Number- and weight-average molecular weights calculated from molecular weights of

Individual fractions before compounding.

| tiesnme.  To confirm this expectation, the percentage unsatura-
j an in several of the fractions was measured by the ozonolysis
f oethod (25).

This method is based on the knowledge that all, or nearly all,
d'the isoprene units occur in the 1,4-configuration within the
nanchain (24)- When the solution of polymer in carbon te-
trachloride is 0zonized, these units are split. As Rehner showed,
te degradation proceeds to a limit corresponding to complete
reaction of the diolefin units, beyond which further ozonization
produces little change.  The percentage of diolefin units, conse-
quertly, is proportional to the increase in the number of mole-
alesduring ozonization.  Specifically,

mole % diolefin = (1/M, - 1/M,,,0) X 56 X 100

lfkwand Mn are the number-average molecular weights before
sdafter ozonization, and 56 is the molecular weight per struc-
tud unit, the diolefin units being present in extreme minority.
Tablel11 gives typical experimental results on Butyl fractions,
isequal to M of Table Il, calculated from the initial intrinsic
visoosity of the fraction.  The molecular weights in the fifth
tolum of Table 111 were computed from the intrinsic viscosity
»iter ozonization using Equation 1. In accordance with the
Pravias discussion, it is somewhat less than the actual viscosity-
sverage molecular weight.  Owing to the (assumed) random dis-
tribution of diolefin units in the samples and the fact that, in
gererd, each molecule is split at a number of points, the distribu-
“enof molecular weights in the ozonized products will approxi-
metethe most probable distribution ($), represented by equation:

©

= number of molecules composed of i structural units
A = total number of molecules
~ V ~ degree of degradation or ratio of molecules to struc-
tural units in the sample

Mn = 1/(1 -p) (6)

"Wen Equation 5 is substituted into Equation 4, it is found
1*t for this molecular weight distribution,

Ni = jWw-"1(1 —p)
"here

M./Mn = 1.83
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(The derivation of this factor was published
by Rehner, 25.) Allowing that the actual vis-
cosity-average molecular weights are about 10%
greater than the uncorrected values in column 5 of

Mw Table 111,
Caled.
Mn = “#,°71.66
805
735 By means of this equation the reciprocal i¥,
660 - . .
520 values in column 6 were computed. The diolefin
833 percentages in the last column were calcu-
lated from columns 6 and 3 by the above
ato equation. The variations in these percentages
345 are probably within the experimental error, and
o there is no significant trend with molecular
143 weight. It is the constancy of the diolefin con-
tent, rather than its absolute magnitude, that is of
635 importance for interpretation of the results which
e follow.
420 Mixtures of Fractions. All rubbers, natural and
30 synthetic, as normally employed are composed of
molecular species covering a wide range of sizes.
280 Ttis important, therefore, to ascertain the effects of
285 molecular weight distribution on various physical

27 properties. For this purpose heterogeneous poly-

mers of known distribution were required. These
were conveniently obtained by mixing pairs of
fractions in various proportions as shown in
Table IV. Data pertaining to the individual
fractions from which each series of mixtures was
prepared are included with each set; these are taken from
Table Il. Intrinsic viscosities in the third column have been
calculated for the mixtures by “weight averaging” according to
the formula,

folimxl«r. = W IhIl + [Vttyh

(7)

where w, and w are the weight fractions of the components pres-
ent in -the mixture, and jjji and pr]2are their respective intrinsic
viscosities (uncompounded). The observed intrinsic viscosities
after compounding (column 4) are generally somewhat lower,
owing to a small degree of breakdown during milling.

The effects of molecular weight heterogeneity on a given phys-
ical property—e.g., on tensile strength—are easily accountable
if it can be shown that the property in question depends explicitly
.on a particular average molecular weight but is otherwise inde-
pendent of the distribution. A plot of the physical property
against this average molecular weight will be the same for var-
ious heterogeneous polymers and for homogeneous fractions as
well (5). Once the specified average has been evaluated for a
given polymer, no further consideration need be given the molec-
ular weight heterogeneity. It is not self-evident in advance of
experimental verification, however, that an average can be found
such that the property in question is specifically defined by the
value of that average alone.

11 the analysis of the data Ol physical properties of vulcaniz-
ates from fractions and their mixtures, the number, weight, and
viscosity averages defined by Equations 2, 3, and 4, respectively,*
were considered. The first two may be computed from the
following expressions applicable to binary mixtures,

M,, =

LI(Willfi 4- loym 1) 2A)

Mw —I0IM1 - w,M2 (3A)

which follow from Equations 2 and 3; W and w2are the weight
fractions, and Mi and M2are the molecular weights of the com-
ponent polymer fractions. In computing Mn, Mi and Msshould
refer to the number averages for the component fractions; in
computing M,,, weight averages should be employed in so far as
the heterogeneity of the fractions isto be taken into account.
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The uumber-average molecular weights in column 5 of Table
IV were computed using Equation 2 from the M values for the
individual fractions before compounding, as given in Table I1; as
pointed out above, the latter correspond more closely to number
averages. Some breakdown generally occurred during com-
pounding, but undoubtedly only the larger component fraction
was affected. Minor degradation of these would lower the num-
ber averages for the mixtures negligibly. Hence, the M nvalues
for the mixtures in Table 1V should correspond closely to their
actual number-average molecular weights.

In the computa-
tion of the weight
averages (Table
V), the M] and
Mt values inserted
into formula 3A
should have been
increased by some
10 to 15%, accord-
ing to the .estimate

Fi > Di tic R quoted above, ow-
igure 2. iagrammatic Represen- ; ;
tation of a Portion of the Network ing to the re_SIduaI
Structure, Showing Principal Chains heteroge_ne|ty of

and a Terminal Chain HC the fractions. If

this correction

were made, assum-
ing allfractions to beequally  heterogeneous, the figures in the
last columnof TablelV would be raised somewhat, butall of
them by about the same percentage. Since mixtures and frac-
tions would be equally affected by this correction, any possible
empirical correlation of a physical property with the weight
average would not be obscured through the use of the uncorrected
figures for 1?,, in Table IV.

This average molecular weight, unlike M,,, is sensitive to the
destruction of the larger species during mill breakdown, which
occurs to an extent depending on the percentage of low-molec-
ular-weight fraction in the mixture. A more nearly authentic
weight average perhaps would be obtained by assuming that
the breakdown which occurs is confined to the higher of the two
components. However, more accurate values for the weight-
average molecular weights are not required for the purposes of
the subsequent discussion of physical properties, and this cor-
rection has been neglected.

The uncorrected viscosity-average molecular weight, calcu-
lated using Equation 1 from intrinsic viscosities after compound-
ing, are also included in Table IV.

In addition to the heterogeneous products obtained by mixing
fractions, polymer II-A of Table | was compounded without
previous fractionation, and the resulting vulcanizates were sub-
jected to tests. Its molecular weight distribution was deter-
mined by careful fractionation on a small scale. According to
an analysis of its distribution curve, the ratio of Mv M n was
found to be about 2.3 ==0.2. Its corrected viscosity-average
molecular weight should be about 470,000. Hence, M,, = 200,-
000. This value will be employed in subsequent discussions.

STRUCTURE OF BUTYL VULCANIZATES

Theory. The process of cross linking polymer molecules has
been analyzed statistically (10, 29) with results which are con-
firmed by widespread experimental observations. As cross
linkages are introduced at random between polymeric molecules
at accidental points of contact, large structures consisting of
many “primary molecules” gradually are built up at the expense
of simple molecules consisting of only one primary molecule (not
cross linked), or of only a few primary molecules. (The term
“primary molecule” throughout this paper refers to the rubber
molecules which existed separately before cross linking, or which
would exist if all of the cross linkages of the vulcanizate were
severed.) According to the statistical theory, “infinite” networks
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pervading the entire rubber volume suddenly begin to fom
owing to interlinking of these large species, when the concen
tration of cross linkages in the system as a whole exceeds a definite
critical limit. If the primary molecules are of uniform length,
this occurs when the number of cross linkages exceeds half the
number of primary molecules (10); if the molecules are nonuni-
form in length, a somewhat lower degree of cross linking will ke
required {10, 89). These infinite networks are insoluble in dl
solvents which do not destroy their primary valence structure.
Their abrupt appearance at an early stage of the wulcanization
process is analogous to the gel point so familiar in the polymeriza-
tion of thermosetting resins, drying of oils, etc.

As the vulcanization process continues, introduction of addi-
tional cross linkages causes more and more of the sol rubber tole
converted to gel (infinite networks). Ordinarily the final wi-
eanizate will consist almost entirely of gel, which is a statistical
consequence of the fact that there are, on an average, may
cross-linked units per primary molecule.

From a structural point of view, the individual primary mot
cules to a large extent have lost their identities in the final Wi
eanizate. The basic element of the structure (Figure 2) is tre
portion of a molecule reaching from one cross linkage to tre
next—e.g., the portion of the structure between the cross link
ages designated by A and B. This primary structural element
will be referred to as a chain. The cross linkages may be regarded
as centers of tetrafunctionality since four chains emanate from
each. The network consists of an assemblage of chains attached
irregularly to one another through these tetrafunctional centers
(13).

In addition to chains extending between two cross linkages,
there will be chains extending from a cross linkage to the end ofa
primary molecule; two of these “terminal” chains will occur in
the network for each primary molecule. It is apparent tha
these terminal chains, unlike the principal chains, will not ke
subjected to permanent orientation when the network is deformed
as by stretching. The terminal chains constitute flaws in te
network structure. The lower the molecular weight (number
average) of the primary molecules, the greater the number d
these flaws. Hence, the well known but poorly understood c&
pendence of physical properties upon the molecular weight of te
uncured rubber (5).

Tabte V. Incipient Cure with Butyl Fractions of Low
M olecular Weight
Intrinsic Time of i [n] after
Polymer  Viscos- IXI X Cure, Min. % Swelling  Curing
Fraction itya [iil 0-» at 307° F. Soluble Ratio6 Process
Fractions from Low-Unsatn. Polymers Il and 11l
111-6 0.72 143 60 1.6 10.8
11-12 0.61 110 60 6.5 11.4
111-10 0.515 85 60 10.5 14.6
111-13 0.42 62 60 24.6 29.2
120 29.3 35.8
I1-14 0.30 48.5 30 40 40
60 35 41
120 49 53
111-1G 0.284 33.5 60 100
120 100
111-19 0.186 17.3 120 100
Fractions from High-Unsatn. Polymer IV
1V-5 0.65 122 40 2.3
1V -6 0.43 64 40 4.4
Iv-7 0.35 46.5 40 12.6
80 13.8
1V -8 0.258 28.8 40 50
80 75
V-9 0.185 171 40 100 0211
80 100

a On these low-molecular-weight fractions the intrinsic viscosity’ > .

altered apJ)reciablyby milling. In cases where [»] has been melsure?pable
before and after milling, the latter value has been employod above

& Swelling ratio = [vol. of swollen vulcanizate]/[vol. of insol. rubber (doJ
Swelling and solubility determinations were carried out in cyclonexa
room temperature.
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Tre total number of chains will be equal to V0 + Ar, where
risthe number of cross-linked units (the number of cross link-
agsbeing equal to vo/2), and N is the number of primary mole-
alsin the network. The concentration of primary molecules,
eqresed in moles per gram, is related to the molecular weight
dthe primary molecules as follows:

N/pV = 1/M

»heep is the density and v the volume containing N primary
nolecles.  For a heterogeneous mixture M- should be replaced
bythe number average, M,,. Similarly, the concentration of
aross-linked units is given by

VPV = I/Mc

whee Mc is the molecular weight (number average) per cross-
lined unit; it will be used extensively as a reciprocal measure of
treconcentration of cross-linked units.

It follows, then, that the total concentration of chains, in
ndes per gram, will equal 1/MC+ 1/M. The molecular weight
(number average) per chain, designated by M, equals the re-
diprocal of this quantity:

Mc = MMc/{M + Mo 8)
WenM> > Mg,
(8A)

Inasmuch, as the diolefin units are distributed at random
»lag the polymer chains and vulcanization can safely be as-
aimed to interlink them at random, the lengths of the chains
sl conform to the most probable distribution expressed by
Equation 5. Furthermore, terminal chains and principal net-
wakchains will have the same average size. The weight frac-
timof the network occurring in terminal chains, therefore, will
eqd the “mole” fraction of terminal chains.  Since there will be
toterminal chains for each primary molecule, the percentage
dnonorienting material in the network structure will be given

% terminal chains = 100 X (2/M)/(l/M'c)
= 100 X 2MC(M + Me) ©)]

"TienM >> Mg,
% terminal chains = 100 X (2MdM) (9A)

Tree relationships will be applied in the subsequent treatments
fphysical properties.

Quantitative Evaluation of Degree of Cross Linking. The pre-
coding discussion makes it clear that the two quantities essen-
tid to the quantitative treatment of vulcanizate properties are
dfand Me. The former has been determined (Table I1) through
the application of accepted methods for molecular weight de-
termination. Direct chemical determination of Mc by chemical
measurement of the concentration of cross linkages in rubber
fulcanizates has not yet proved feasible. Therefore this quan-
. y hasbeen deduced indirectly by locating the critical point for
incipient gelation in the manner described below'.

It has been assumed that the reactivities of the diolefin units
Ireindependent of polymer molecular weight, location of diolefin
wit within the polymer molecule, etc. Under this assumption,
abstantiated by numerous observations on the kinetics of poly-
ner reactions, all polymers of the same diolefin content acquire
hesame concentration (e.g., in moles per liter) of cross linkages

uing the vulcanization process, regardless of the molecular
"eights of the initial polymers; hence, the average number of
a°ss linkages per primary molecule varies inversely as the initial
molecular weight.  According to the statistical theory of three-

‘Biensional polymers, infinite network formation sets in, with
attendant partial insolubility, when an average cf one unit per
primery molecule (one half cross linkage per molecule) is present
1's Hence, a “vulcanizate” which borders on incipient in-
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Figurc 3. WeightI'cr Cent of Sol (100 X W,) vs. Cross-

Linking Index
Assuming Me = 35,000 for low-unsaturation polymers O» and
Me = 20,000 for high-unsaturation polymer IV fractions #;
(i.,e., y = M/Me)

solubility must contain an average of one cross-linked unit per
primary molecule. In other words, at the critical point for in-
cipient gelation Mc = M, where M is the molecular weight of the
polymer prior to cross linking. This polymer is here considered
to be homogeneous. (If the polymer is heterogeneous, then
Mc = Mc at the critical point, 29). Once the critical M, and
hence Mg is located, it follows from the above assumption that
this M cvalue applies to all vulcanizates from fractions containing
the same proportion of diolefin units, regardless of molecular
weight.

Table V lists experimental results for low-molecular-weight
fractions compounded according to the pure gum recipe and sub-
jected to “cure” at 307° F. All fractions within each set arc as-
sumed to process the same proportion of diolefin units, according
to the results previously presented. As the molecular weight
was decreased, the percentage of sol (soluble constituents) in-
creased from about 1% or less for fractions of high or medium
molecular weight, to complete solubility for the lowest fractions.
The latter, which were too low to contain the critical number of
cross linkages per molecule required for gelation, nevertheless
underwent an increase in intrinsic viscosity as a result of the
cross-linking reaction (last column, Table V). Swelling ratios
for the gels are alsoincluded in Table V.

The molecular weight differences between successive fractions
are necessarily rather large. From casual examination of the
data, the Mcvalues can be bracketed only between rather wide
limits—33,500 to 48,500 for the low-unsaturation polymers and
17.000 to 28,800 for those of high unsaturation. Further assist-
ance is afforded by the theory of random cross linking (10) of
chains of uniform length in the form of the equation,

(—InW){l —W,) =7 (10)

relating the weight fraction of sol W, to the “cross-linking index”,
7; the latter represents the average number of cross-linked units
per primary polymer molecule. In other words,

7 = M/M.

where M is the molecular weight of the fraction. By arbitrarily
choosing M c values within the required limits, trial sets of 7
values are obtained from the known molecular weights of the
fractions. These can be compared graphically, as in Figure 3,
with the curve calculated from Equation 10. Mc values of
35.000 and 20,000, respectively, appear to give the best fit with
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the calculated curve. These values were employed in obtaining
the sets of points shown in Figure 3. The agreement is reason-
ably good and, to some extent, confirms the present concepts of
the nature of the vulcanization process. This method of evalu-
ation is essentially a graphical entrapolation to the molecular
weight at which the solubility reaches 100%, guided by the form
of the theoretically prescribed relationship.

Figure t. Representative Stress-Strain Curves forPure-

Guni Vulcanizates at M oderate Elongations

The above figures for Mcwill be employed in the following dis-
cussion of physical properties. Their reciprocals, 2.85 X 10~5
and 5.0 X 10~5“mole” per gram, respectively, represent the con-
centrations of cross-linked units in vulcanizates from the low-
and high-unsaturation polymers; concentrations of cross link-
ages are half of these values.

Discussion. In deducing the values for Mc, it has been as-
sumed that the interconnections between molecules are simple
cross linkages between two molecules. If three or more .mole-
cules were united at the junctions formed during vulcanization,
the above procedure would require revision; the critical molecu-
lar M would then be less than M¢ the molecular weight per
cross-linked unit, by a factor depending on the (average) func-
tionality of the intermolecular linkages. Owing to the low con-
centration of diolefin units available to the action of the vul-
canizing ingredients, it is most unlikely that more than two of
them would be linked together, irrespective of the actual nature
of the vulcanization reaction. This inference is supported by
independent confirmation of the M cvalues, obtained in the analy-
sis of the dependences of “modulus” and swelling capacity on
molecular weight (to be discussed later in the paper). This
agreement would not be observed if the intermolecular connec-
tions were of higher functionality.

A 35,000 molecular weight portion of one of the low-unsatura-
tion Butyl polymers includes an average of 3.1 diolefin units, from
which we conclude that only about 1diolefin unit in 3 entersinto
the formation of cross linkages. Similarly, the 20,000 figure for
the molecular weight between cross linkages in polymer IV cor-
responds to the somewhat lower cross-linking efficiency of 1 in
about 3.7. In other experiments not reported here, gelation
conditions were explored by varying the degree of unsaturation
at constant molecular weight. At a molecular weight level of
350,000, between 0.075 and 0.12 mole % of diolefin units are re-
quired for incipient gelation during vulcanization, using the stand-
ard recipe. At a molecular weight level of 900,000, a mole per-
centage of diolefin units between 0.016 and 0.030 is required.
These figures represent from 3 to 5 diolefin units per molecule in
each case. Thus, the efficiency of utilization of diolefin units in
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the formation of cross linkages shows a remarkably small varia-
tion. over a 100 fold range of diolefin concentration.

Doubling the proportions of the compounding ingredients
lowers the molecular weight for incipient gelation during wl-
canization, as would be expected from results presented in con
nection with the description of experimental procedures. Inthe
case of fractions from Butyl polymer IV the critical molecular
weight (equal to M¢) is lowered to about 15,000. Hence, it is
possible to increase the efficiency of utilization of the diolefin
units through the use of a greater concentration of compounding
ingredients.

By employing nonsulfur vulcanizing agents, it is possible to
produce gelation with less than 2 (but more than 1) diolefin units
per molecule. Even at molecular weights in the vicinity d
1,000,000, no more than 1 diolefin unit in 10,000 is required for
incipient network formation. Polymers containing no diolefin
units (i.e., pure polyisobutylenc) yield completely, soluble prod-
ticts when subjected to the same curing conditions.

Figure 5 Strcss-Strain Curves

Elongation for Vulcanizates from

Extending to Higli
Low-Unsaturalion

Fractions of the M olecular W eights Indicated

In this connection, sulfur-accelerator vulcanization of mixtures
of polyisobutylene and Butyl yields products from which the
polyisobutylene can be removed by extraction. This result pro-
vides direct proof that the cross linkages involve 2 diolefin units,
and not a diolefin unit in one molecule with an isobutylene unit
in the other.

STRESS-STRAIN CHARACTERISTICS

Figure 4 shows stress-strain curves covering the range Oto
500% elongation, for representative pure gum vulcanized Butyl
fractions differing in molecular weight and in unsaturation.

In Figure 5 stress-strain curves extending over virtually the
entire elongation region and extending to stresses of 700 pound*
per square inch are shown for a series of low-unsaturation Butyl
fractions vulcanized according to the pure gum recipe previously
given. These covdr the molecular weight range 10,000 to
730,000. Progressive changes with molecular weight arc Par
ticularly great in the region of low molecular weight. They oo+
tinue, however, even above a molecular weight of 500,000, where
there is an average of some fourteen cross-linked units per nolt-
cule according to our previous estimate of Mc.

Stress-Strain Curves at Moderate Elongations. Careful analy-
sis of stress-strain curves including others notshown here, reveal:
a common similarity in shape. If each is transformed simply by
altering its tension scale by a suitable factor, all of them m& f
made to coincide as far as about 400% elongation. Some dew»
tions occur with the vulcanizates from the fractions of lownoleru
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Tabte VI.

of Low-Unsaturation Butyl Vulcanizate«

Stress-Strain and Swelling Characteristics

(Cured 00 minutes at 307° F.)

% Elonga-
Polymer M X 10“* tion at
Fraction (after Com- r joo%&, 500 Lb./ % Swelling
or Mixt.“ poumiing) Lb./Sq. In. Sqg. In. Soluble Ratioc
Vulcanizates from Homogeneous Fractions
1-1 1080 0 6.13
1-2 730 118 730 0 6.30
1-5 555 108 755 0 6.70
11-3 310 94 790 1.0 7.18
11-5 245 0.5 7.52
11-7 202 84 sih 0.9 7.90
11-9 152 68 905 1.0 9.53
111-6 143 55 955 1.0 10.8
11-12 110 45 6.5 11.35
111-10 85 10.5 14.6
Vulcanizates from Heterogeneous Polymers'
A-l 435 2.6 6.82
A-2 300 3.2 7.38
A-3 183 4.5 8.22
A-4 124 7.5 10.35
D-2 175
1-A 200 78 865 3.5 ¢ios

“See Tables Il and IV.

b"Modulus” at 300% elongation.

eSwelling measurements were carried out in cyclohexane on ring speci-
mers cured simultaneously with those used for stress-strain measurements.
I Molecular weights for these mixtures are number averages (Table 1V).

lar weight, possibly as a result of high hysteresis. In all other
s, including stress-strain curves for high-unsaturation vul-
ranizatcs and vulcanizates from unfractionated polymers, the
,coincidenoe is excellent. In other words, essentially all of the
stress-strain curves from 0 to 400% elongation can be represented

by
« = Gip(oc) (11)

risthe tension, in pounds per square inch (initial cross section)
a arelative length a = L/Lq [% elongation = 100 X (a —1)];
t (a) is a function of a which is the same for all of the pure-gum
Butyl vulcanizates. G is a parameter which varies from one
sanple to another; G is dependent on the molecular weight be-
forevulcanization and on the number of cross linkages introduced
duringvulcanization, but isindependent of a.

Theseparability of structure (G) and elongation [<p(a)] factors as
inEquation 11 ispredicted by statistical mechanical theories of the
elastic properties of network structures such as exist in vulcanized
rubbers.  According to these theories (13, 17, 31, 33), the de-
pendence of the elastic retractive force on elongation should be
represented by

f(a) = a — 1/a2 (12)

Thisexpression can be expected to apply only over the elongation
region preceding the onset of crystallization. It is fur.ther as-

1 sumred in its derivation that the force of retraction originates
entirely from the entropy change on stretching, the change in
internal energy with elongation (at constant volume) being negli-
gible. The latter condition is amply fulfilled with natural rub-
7(1,37) and GR-S (36).

In Figure 4 a stress-strain curve calculated from Equation 12
isincluded for comparison with the shape of the observed curves
ower the region of moderate elongations—i.e., up to 400%. The
agreement is by no means so good as has been demonstrated for
natural rubber (1, 32) and GR-S (36). However, the curves
observed here, being determined by continuous stretching, are
“ot necessarily representative- of the equilibrium curve to which
Equation 12 refers. This may account for a large part of the
discrepancy. We are less concerned with the particular shape
of the stress-strain curve than with the dependence of stress on
structure.

Inview of the empirically established separability of the struc-
tureand elongation factors as expressed in Equation 11, the stress-
strain curve for a given Butyl vulcanizate (pure gum cure) can
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be characterized by a single parameter. Either G or the tension
at a given elongation might be used for ~his purpose. We have
chosen to employ the tension developed at 300% elongation.
These so-called moduli at 300% elongation, as taken from the
stress-strain curves for various samples, are recorded in Tables
VI and VII. They are shown graphically as functions of the
molecular weight before vulcanization in Figure G

Theoretical expositions on the elastic properties of polymeric
networks such as exist in vulcanized rubbers in general have
dealt only superficially with the influence of the quantitative
aspects of the network structure. The “equation of state” for
vulcanized rubber has been expressed (13,31, 33) in the form

t = (RTwWV)(a - 1/V) (13)
That is,
g = kr »ly (i4)

where R is the gas constant, T is the absolute temperature, and v
is the number of "molecules” or, more accurately, the .effective
number of chain elements in volume V of the network. The
effect of the finite molecular weight of the primary molecules is
neglected in these formulas, although in one instance (13) the
assumption that the primary molecules are infinitely long was
mentioned specifically. When this is the case, v will equal the
number, v& of cross-linked units or half the number of cross
linkages. Equations 13 and 14 have led to the expectation,
therefore, that the “modulus” (and G) should be proportional to
the degree of cross linking (inversely proportional to M¢), and
no particular importance has been attached to the molecular
weight M of the primary molecules.

The experimental modulus values in Tables VI and VII and
plotted against M in Figure 6 show that molecular weight M is a
more critical factor than the degree of cross linking over the range
covered by these results. The quantitative effects of these fac-
tors will be examined in greater detail in the following sections.

Table VII. Stress-Strain and Swelling Characteristics
of High-Unsaturation Butyl Vulcanizates
M X 10-> Cure. % Elonga-
Polymer (after Com- Min. at Tm%, tion at 500 Swelling
Fraction pounding) 307° F. Lb./Sq. In. Lb./Sq. In. Ratio0
V-1 330 40 113 700 6.46
v-2 . 250 40 106 725 6.57
1V-3 175 40 100 720 7.13
V-4 127 40 79 8.30
V-5 122 40 7.94
V-0 64 40 11.0
V-1 580 15 B B 6.14
30 134 640 6.01
V-2 480 30 125 670 6.10
V-3 400 15 6.56
30 ~ 6.-11
V-4 280 30 122 6.22
V-5 245 30 119 o 6.26
V-6 155 30 103 710 7.19

a See footnote C of Table VI.

Effect of Molecular Weight on Modulus. If the cross-linking
index y, representing the number of cross-linked units per primary
molecule in the vulcanizate, is not very large, the occurrence of
terminal chains and related network imperfections or flaws will
materially reduce the number of effective chains below \0, the
number which would be present if M were infinite. This effect
of finite molecular weight can be taken into account (5) by con-
sidering that some of the cross linkages are, in effect, required to
combine the A primary molecules into a single ramified molecule
devoid of circuitous connections. The number required for
this purpose is equal to N. Cross linkages in addition to this
number provide internal connections between different parts of
the structure, and in this way produce a structure which can be
correctly designated as a network. Only cross linkages in excess
of the number of primary molecules effectively “fix” the struc-
ture so that it responds elastically to deformation. The ef-
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Figure 6 (AbOVe).

lus” at 300%) VS. M olecular Weight M (or Mn) before
Vulcaniza lion

Tension at300% Elongation (“".Modu-

Figure 7 (Below) Tension (“Modulus”) at300% Elon-

jiation VS. Reciprocal of M olecular Weight M (or M,,)

O Low-unsaturation fractions
3 Unfractionatcd polymer II-A
A High-unsaturation fractions from polymer IV
$ High-unsaturation fractions from polymer V

lective number of cross linkages isgiven therefore by w/2 —A.

The effectivenumber of chains, v, will be equalto 'twice the ef-
fective number of cross linkages or number of circuitous con-
nections in the network. (A similar, more detailed treatment of
the effects of network imperfections has already been published,
-7) Hence

V—w —2jv = fo — 2pV/M (15)

where p V is the weight of polymer containing N primary mole-
cules. Introducing Equation 15 into 13, the retractive force
per unitinitial cross-sectional area becomes

= (RT/V)(vO - 2pV/M)v (cc)
= (RTPIMQ(1 - 2M'/M)v(a) (16)

G = (RTPIMQ(1 - 2M'IM) (17)

r

The above derivation of the simple factor (1 —2M./M) to
express the dependence of modulus on M is well founded as long
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as M is sufficiently greater than Mc to render the residual sol
fraction small. This requires that M be at least three times Mc
(20). Otherwise the disproportionate distribution of cross link-
ages between sol and gel (5,10) must be taken into account.

In the above analysis of the effect of finite molecular weight on
elastic properties, it is the number of primary molecules which
enters the equations. Hence, if the polymer is heterogeneous
with respect to molecular weight, M is to be replaced by the num-
ber average Mn.

According to Equations 16 and 17, fractions of the same un-
saturation but differing*in molecular weight should produce
vulcanizates the moduli of which vary linearly with the reciprocal
of M. In Figure 7 the 300% “modulus” figures of Tables VI and
VIl are plotted against M. Results for fractions from poly-
mers I, 11, and 111 are sufficiently concordant, in spite of the
minor differences in their unsaturations indicated by the deter-
minations summarized in Table I, to permit them to be considered
together without differentiation. They substantiate the pre-
dicted linear relationship. The modulus of the unfractionated
polymer fl-A agrees well with the results for fractions when com-
pared according to its number average.

Results for high-unsaturation fractions from polymers IV and
V do not coincide, presumably owing to the difference in their
unsaturations (Table 1). Separate straight lines are drawn in
Figure 7 through these two sets of points. Owing to the limited
number of points and the irregularities which occur (probably
due principally to poor reproducibility in the curing operation),
the straight lines drawn for these polymers are to be considered
merely as rough approximations.

The equations of the three straight lines drawn in Figure 7 can
be expressed as follows. For the low-unsaturation fractions,

r&d% = 127 (1 - 74,000/iV) (164)
For the high-unsaturation fractions, polymer IV,

t3ad% = 135 (1 - 52,000/ili) (16B)
and for polymer V,

t3% = 145 (1 - 45,000/M) (16C)

All are expressed in pounds per square inch. Comparing these
with theoretical Equation 16 or 17, Mcvalues for the respective
polymers are 37,000, 26,000, and 22,500. The agreement with
the previous independent estimates, 35,000 and 20,000, respec-
tively, for the low (I, 11, and 111) and high (IV) unsaturation
polymers, is good. The differences are within the experimental
errors attending cither method for determining Mc. Thus the
above theoretical explanation for the contribution of initial
molecular weight to elastic properties is confirmed and the previ-
ous estimates for the il/c’s are substantiated.

Effect of Degree of Cross Linking on Modulus. On further
examination of empirical Equations 16A, 16B, and ICC it is
found that the intercepts for M = « (corresponding to the initial
numerical factors in these equations) do not agree with theoreti-
cal Equation 16, according to which they should equal
(RTp/M0) ip(a). Settinga = 4in p(a), as given by Equation 12
and substituting the Mevalues from the above paragraph, these
factors are calculated to be 35, 50, and 58 pounds per square inch,
compared with the observed 127, 135, and 145, respectively.
The differences in magnitude might be excused, in part at least,
on the grounds that the statistical mechanical procedure em
ployed in deriving Equation 13, from which Equation 16 wes
obtained by introducing the above correction for finite molecular
weight, is fundamentally only approximate. However, the
relatively small change in “modulus” with degree of 0ross
linking cannot be dismissed in this way. The theory predicts
explicitly that the modulus for M —  should increase propor-
tionally to the abundance of cross linkages (inversely proportion®
to .lie). High-unsaturation polymer V contains at least 50t
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more cross linkages than the low unsaturation polymers, yet its
modulus extrapolated to infinite molecular weight is only 14%
greater.

It has been suggested (5) that these discrepancies are caused
by entanglements of chains in the network structure. Two or
more chains, though not bonded together at any point, may be
looped about one another in such a way that they cannot be dis-
entangled without rupture of a primary valence bond. These
entanglements will restrict the number of configurations which
the chains are able to assume, and the elastic response of the net-
work to deformation will be augmented by them; they should
act in effect like additional cross linkages. In the absence of
primary valence cross linkages, however, permanent entangle-
ments could not exist (5). (It can be shown readily that these
entanglements would not alter the correction factor introduced
previously for finite molecular weight; terminal chains cannot
become involved in permanent entanglements, 5).

It would be expected further that the relative contribution of
entanglements to the retractive force should be greater, the
longer the chains.  The increase in modulus with degree of cross
linking (decrease in M¢) predicted by Equations 16 and 17 should
epartly compensated by a decrease in the entanglement factor,
therefore.  In other words, the discrepancies between observed
and calculated “moduli” should decrease as the degree of cross
bakingis increased ; this is observed to be the case.

Stress-Strain Curves at High Elongations. At elongations of
40to 700% the stress-strain curves (Figure 5) assume pronounced
upward curvature until a steep upward slope has been reached.
Thereafter the curves proceed almost linearly to their breaking
points; only the onset of these final portions of the curves are
included in Figure 5.

Another noteworthy feature of the stress-strain curves in the
region of steep ascent is their parallelism to one another; their
firel slopes above about 500 pounds per square inch are roughly
o the same magnitude, independent of initial molecular weight
and degree of cross linking. The location along the elongation
axs of the steep, linear portion of the stress-strain curve is, of
course, displaced for one polymer as compared to another, de-
pending on the vulcanizate structure. As an index of the loca-
tion of the region where the stress-strain curve assumes steep
upward curvature, the elongations at which the tension reaches
500 pounds per square inch are recorded in Tables VI and VII.
For samples of about the same tensile strength these figiires are
directly related to their ultimate elongations, since stress-strain
curves for all pure-gum Butyl vulcanizates are approximately
parallel and linear from this tension to the breaking point.

The elongations at 500 pounds per square inch do not correlate
directly with the 300% modulus over variations in initial mo-
lecular weight and in degree of cross linking.  For example, a low-
unsaturation and a high-unsaturation vulcanizate (the latter from
a fraction of much lower molecular weight) which show iden-
tical stress-strain curves up to 400% elongation, as indicated by
their moduli at 300% in the tables, do not reach 500 pounds per
square inch at the same elongation. A lower elongation is re-
quired for the latter. Observations such as these are further in-
dications of the fact that the stress-strain curves in general are
rft rendered superimposable throughout all elongations by ad-
justing their stress scales by suitable factors. It is apparent that
Me "modulus” up to 400% elongation and the position of the
steep rise in 'he stress-strain curve depend in different manner
mthestructure of the vulcanizate.

Butyl, like natural rubber, becomes crystalline on stretching.
« swould be expected, it shows the same crystal pattern (12) with
x-rays found for polyisobutylene and analyzed by Fuller and co-
lorkers (15). In pure-gum vulcanizates of good-quality un-
ractionated Butyl the first vestiges of a crystal pattern become
goparent in the x-ray diagram at elongations in the neighborhood
0°00%. A smaller degree of crystallinity, not detected by x-
td diffraction, may occur at somewhat lower elongations.
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Field (4) showed that the x-ray diagram acquires the charac-
teristic oriented fiber pattern coincident with the increase in
slope in the stress-strain curve of natural rubber gum vulcani-
zates. The degree of crystallinity which he computed from the
X-ray patterns increases rapidly in thisregion. The percentage of
crystalline polymer approaches an asymptotic value (around
80%) which changes little with further elongation over the sub-
sequent fairly linear portion of the stress-strain curve extending
to the breaking point. Results of Dart and Guth (8) on thermo-,
elastic effects in the fast stretching of Butyl supply further evi-
dence for the rapid acquisition of crystallinity at high elongations.
Unfortunately their results did not include suitable stress-strain
curves for comparison.

The pronounced upward curvature in the stress-strain curves
for Butyl in the region of 400 to 700% elongation, depending on
the sample, is doubtless due to the occurrence of crystallization.
The final steep ascent of the curve just beyond this region and
extending to the breaking point indicates a high degree of crys-
tallinity. In the light of Field’s results on natural rubber, we
consider that over this almost linear portion of the curve the
degree of crystallinity remains almost constant at a value near
its asymptotic limit. The similarity in the slopes of the curves
in this region suggests roughly similar degrees of crystallinity in
different samples. (It is not meant to suggest, however, that
they are quantitatively the same regardless of structure.) The
elongations at 500 pounds per square inch are considered to rep-
resent the points at which about the same (high) degree of crys-
tallinity is developed in different Butyl vulcanizates.

Crystallization would be expected to depend on the average
degree of orientation produced by elongation. For chains which
exist in more or less random configurations when the network is
not deformed, it can be shown that the average degree of align-
ment produced by a given elongation will be greater, the lower
the average length of the chain, Me. Hence, it is to be expected
that, with greater degrees of cross linking, crystallization will
set in at lower elongations. The results agree with this deduc-
tion. Even when comparison is made between low- and high-
unsaturation polymers having molecular weights such that the
numbers (7) of cross-linked units per primary molecule are about
the same, the latterare found to undergo crystallization, asindi-
cated by the point at which the tension reaches 500 pounds per
square inch, at lower elongations (Tables VI and V1),

Figure 8. Reciprocal of the 5/3 Power_of Swelling
Ratio VS. Reciprocal of M or jw,
o Low unsaturation fractions
€ Mixtures of low-unsaturation fraction
O Unfractionated polymer 11-A
A High-unsaturation fractions from polymer IV
§ High-unsaturation fractions from Dolvmer V
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Figure 9. Log-Log Plot of Modulus at 300%

Elongation vs. Swelling Ratio

O Low-unsaturation fractions
O Unfractionated polymers
0 High unsaturation fractions

The increase in the elongation for incipient crystallization with
decrease in molecular weight is believed to arise mainly from the
concurrent increase in the proportion of terminal chains (Equa-
tion 9). These are not subject to permanent orientation when
the rubber is stretched; hence, they are not likely to enter into
crystallite formation. They can be expected to act like amor-
phous diluents which not only are themselves reluctant to enter
into crystallite formation, but which also repress crystallization
of the remainder of the structure. In addition, the average
lengths of the elastically effective chain elements of the structure
will be increased somewhat, owing to other types of network
“flaws” (5), as M decreases. This factor will also tend to de-
crease the average orientation at a given elongation, for the reason
given in the preceding paragraph.

EQUILIBRIUM SWELLING OF VULCANIZATES

Relationship of Swelling Capacity to Vulcanizate Structure.
When a vulcanized rubber is placed in a liquid of similar chemical
composition, the former absorbs the latter until a state of equi-
librium is reached between swollen rubber and supernatant excess
liquid. Atthispointthe gain in entropy afforded by further dilu-
tion of the rubber is exactly balanced by the decrease in entropy
which would attend further expansion of the network. Swelling
of the network is analogous to deformation, with the difference
merely that during swelling the network is extended isotropically
in three dimensions. The reaction of the network to swelling,
like that to deformation, originates in the decrease in the statisti-
cal probability of extended configurations of the network chains.

According to a theoretical treatment of swelling of cross-linked
networks recently developed (14) along the same lines as the
elasticity theory referred to above, the equilibrium *“swelling
ratio” (SR), representing the volume of swollen polymer at equi-
librium divided by the volume of the dry polymer contained there-
in, bears a direct relationship to the (effective) number v of
chains. With suitable mathematical simplifications appropriate
when the swelling ratio is large, this relationship reduces to the
convenient (though slightly approximate) form

SR = [(1-2/0172x7,B'5 (18)

where n is a semiempirical parameter (7) characteristic of a given
solvent-solute pair, and Vi is the molar volume of the solvent.
Substituting from Equation 15 for the “corrected” number of
chains, v, exactly as was done in deducing Equation 16,

(1/SR)*'* = 1 - 2MQaM) (19)
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The similarities of this equation to 16 are apparent; taking
(1/sR)i/3 as the analog of the retractive force of Equation 16,
both quantities depend inversely on Mcand directly on the same
correction factor for finite molecular weight.

Swelling ratios in cyclohexane at 25° C. for various vulcan-
ized Butyl fractions and mixtures of fractions arc included in
Tables VI and VII. In Figure 8 (1/Sii)5/3 is plotted against
1/M, or 1/M» for the heterogeneous polymers. The points for
the low-unsaturation polymers describe a straight line, in accord-
ance with Equation 19. The mixtures of fractions, and unfrac-
tionatod polymor 11-A as well, fall on the same line when their
number averages are employed, showing that swelling, like mod-
ulus, also depends on this average explicitly. The points for
high-unsaturation polymers IV and V again are sufficient only
for locating approximate lines through them. The equations
of the lines drawn in Figure 8 follow: For the low-unsaturation
polymers,

(1/SR)bn - 0.0506 (1 - 78,000/M) (19A)
For polymer 1V,

(/SrR)*'3 = 0.0540 (1 - 52,000/1/) (19B)
For polymer V,

(I/sR)5'3 = 0.0556 (I - 47,000/M) (190

The values of Mcindicated by these equations (39,000, 26,000,
and 23,500, respectively) are in good agreement with those pre-
viously deduced. The first coefficients of these equations, like
those of 16A, B, and C, do not agree with theory in that they do
not vary in proportion to /Me. The previous explanation ad-
vanced for the similar anomaly in the “modulus” values should
be equally applicable here.

Relationship between Modulus and Swelling. Since the
“modulus” and the swelling ratio are similarly related to the
structure variables Mcand M, they can be related directly to one

another. Combining Equations 16 and 19 for this purpose,
Ta = RT(L - 2iM a)/2VI(SRy'3 0
Tabi.k VIIl. Tensile Strengths or Low-Unsaturation
Butyl Fractions (Cubed at 307° F.)
Cured 30 Min.* Cured 60 Min,a
M X 10-» Tensile Tensile
Polymer (after Com- strength, vElonga- Strengt_h, E_Ionga-
Fraction pounding)  Ib./sq. in.  tion, % Ib./sq.in. tion, %
Pure-Gum Cures
1-1 + 1080 4750 950 4400 975
1-2 730 4100 950 4350 975
1-3 690 4200 1050
1-4 650 4300 1075 4100 1025
1-5 555 4325 1000 4425 975
11-2 390 4300 ieff)
11-3- 310 3625 1050 3875
11-4 285 3580 1075 3580 1025
11-5 245 2950 1090
-1 245 2560 1075 2950 ﬁﬁ
11-3 210 3150
1-7 " 202 2850 1050 3200 H&S
-4 185 2200 1150 2850 1050
11-9 152 650 1100 1450
11-10 152 1700 1050
-6 113 1650 fiéo 1700 1%%2
11-13 108 89 o
11-8 108 u62 770 11 050
111-10 85
-l 81 775
Fractions Compounded with 50 Parts
1-4 7151 3400 800 3420 e
11-2 410 3340 800 3450 &0
11-6 285 2850 900 2900 825
11-2 265 3000 200
11-8 172 2390 800 2840 850
11-5 168 2300 2650 900
-7 116 850 800 1960 200
11-9 94 940 500
11-12 57 , 145 200
111-15 425 w67
H1-18 258 Uncured (sol.)
° Tensile strengths and ultimate elongations represent mean values ob-
tained with two or more dumbbells from the same cure. *0

* Intrinsic viscosities could not be run on the compounded sample '
partial insolubility resulting from carbon black.
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Figure 10. Tensile Strength of Pure-Gum
Vulcanizates of Low-Unsaturation Frac-
tions vs. Molecular Weight

ie, the tension at a given elongation is predicted to be inversely
proportional to the 6A power of the swelling ratio. The exist-
arof some sort of inverse relationship between modulus and
welling capacity has been recognized for some time. Scott {26),
foexample, pointed out that, for a series of cures of natural rub-
l#, the maximum in modulus and the minimum in swelling coin-
ack

Todemonstrate the quantitative significance of Equation 20,
lie“modulus” at 300% elongation is plotted in Figure 9 against

log of the swelling ratio for various Butyl pure gum vulcan-
ites. The straight line has been drawn with the theoretical
ilge- 6,. The experimental points, which include Butyls dif-
fairg in unsaturation, molecular weight, and molecular weight
feterogeneity, agree satisfactorily with this theoretically pro
dieted relationship.

Theirregular deviations which occur are somewhat smaller in
gged than those in Figures 7 and 8, representing, respectively,
tiemodulus-molecular weight and the swelling ratio-molecular
wight relationships. The greatest single source of error in this
@®Kis believed to have originated from a certain lack of repro-
ducibility in the-curing process. When the one physical property
iscompared with the other as in Figure 9, errors of this type do not
gpe—hence, the opportunity for the greater uniformity of re-
adtsexhibited here.

Tre experimental confirmation of Equation 20 furnishes proof
tat the structural factors responsible for the elastia retractive
faeare quantitatively the same as those which operate in con-
trolling the degree of swelling. Exactly the same cross linkages
I°d entanglements which are operative in elastic deformation
® also effective in limiting the equilibrium degree of swelling
®the presence of solvent. Hence, their existence cannot de-
fed on van der Waals interactions, which would certainly bo
Wéreome by the swelling agent.

% comparing the equation of the line in Figure 9,

log r3n = 3.41 —1.67 log (SR)

ffth theoretical Equation 20, mis found to be 0.30. This is less
lanthe value 0.42 (5, page 72) obtained from osmotic pressure
Measurements on dilute solutions of polyisobutylene in cyclo-
‘eare (7, 11).

TENSILE STRENGTHS

fractions of Low Unsaturation. Table VIII gives tensile
engths for pure-gum cured fractions from Butyl polymers I, I,

HI- The molecular weights in the second column have
n comPUted from the intrinsic viscosities after compounding
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(Table II). Vulcanizates prepared from fractions below a
molecular weight of 75,000 were too fragile to be removed from
the molds. At a molecular weight of 100,000 the tensile strength
(60-minute cure) is roughly 100 pounds per square inch. Ten-
sile strength increases rapidly with increase in molecular weight
immediately above 100,000, reaching 1500 pounds per square
inch at about 150,000, and 3000 pounds per square inch at about
200,000 molecular weight. Proceeding to higher molecular
weights, the tensile strengths increase more gradually, approach-
ing what appears to be an asymptotic value well above 4000
pounds per square inch at molecular weights beyond 400,000.
Figure 10 shows these results.

There is little difference between the 30- and 60-minute cures.
In the low-molecular-weight range, tensile strengths of the former
fall below those for the longer cure, but at high molecular weights
the tensile strengths for the 30- and 60-minute cures are indis-
tinguishable.

Corresponding results-for some of the low-unsaturation frac-
tions compounded with 50 parts of carbon black according to the
recipe given earlier in the paper are presented in the lower portion
of Table VTII and in Figure 11. Above about 30,000 molecular
weight the rubber was rendered partially insoluble by vulcaniza-
tion. Tensile strength is developed at lower molecular weights
than for the pure gum vulcanizates, 100 pounds per square inch
being reached at a molecular weight of about 50,000 on the 60-
minute cure. A tensile strength of 300 pounds is again ap-
proached at a molecular weight of about 200,000, but at higher
molecular weights the tensile strengths are considerably lower
than those obtained with the pure gum recipe.

Figure 11. Tensile Strength of Low-
Unsaturation Vulcanizates Containing 50
Parts Carbon Black vs. Molecular Weight

Fractions of High Unsaturation. Table IX and Figure 12
give tensile strengths and ultimate elongations for cured fractions
from polymers IV and V. The onset of measurable tensile
strength occurs at a lower molecular weight than for the low-
unsaturation Butyls; tensile strengths of 100 pounds per square
inch are acquired in the vicinity of 60,000 molecular weight, as
compared with 100,000 for the low-unsaturation polymers.
The tensile strength curve then rises somewhat less abruptly with
increasing molecular weight.

The ultimate tensile strengths attained at high molecular
weights are definitely lower than for the low-unsaturation poly-
mers. Results for polymer V fractions point to slightly higher
strengths at lower cures in the region of high molecular weights.
The deficiency of the tensile strengths of these polymers as com-
pared with the low-unsaturation series cannot, however, be en-
tirely overcome by undercuring. Other experiments not reported
here, in which polymers of higher unsaturation than polymer V
were included, demonstrate that at the same (high) molecular
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Table IX. Tensite Strengths op High-Unsaturation
Fractions (Pure-Gum Cures)
M X 10-> Time of Tensile
Polymer (after Com- Cure, Min. StrengthO, ElongationO.
Fraction pounding) at 307° F. Lb./Sq. In. %
V-1 580 15 3800 925
30 3500 850
V-2 480 15 3900 925
30 3400 850
V-3 400 15 3500 960
30 3450 850
V-1 330 40 3700 900
V-4 280 30 2070 900
1v-2 250 20 3000 1000
40 3300 925
V-5 245 15 . 2200 925
: 30 2950 890
V-3 175 20 2680 990
40 2800 1000
V-G 155 30 2400 925
V-5 122 20 1680 1040
. 40 1800 925
1V-6 64 20 115 800
40 150 750
V-7 60 30 200 700
V-8 48.5 30 Very weak vulcanizate!»
V-7 46.5 40 Very weak vulcanizate6’

° The tensile strength and ultimate elongation figures represent mean val-
ues obtained with two or more dumbbells from the same cure.
* Vulcanizates too fragile to be removed undamaged from the mold.

weight an increase in diolefin content beyond 1.0% decreases the
tensile strength, regardless of degree of cure.

Heterogeneous Mixtures of Fractions. Table X lists tensile
strengths and ultimate elongations for mixtures of low-unsatura-
tion fractions, prepared as discussed in connection with Table IV.
In Figure 13 the curve previously drawn in Figure 10 to represent
the tensile strength-molecular weight relationship for individual
fractions is duplicated for comparison with the results for mix-
tures. When the tensile strengths of the mixtures are plotted
against their number-average molecular weights, given in Table
X (from Table 1V), the points in general follow the course of the
curve for individual fractions. Only the samples of series C
deviate seriously from the curve. In all other instances the de-
partures from the curve aro no greater than the prevailing ex-
perimenta,l irregularities. Plots of the tensile strengths of the
mixtures against their weight- or viscosity-average molecular
weights (Table 1V) lead to much larger deviations, all points
being shifted well to the right of the curve in Figure 13.

The failure of the results for series C to agree w'ith the tensile
strengths deduced in the above manner from their number-
average molecular weights is due to the low molecular weight of
the lower-component fraction from which these mixtures were
prepared. Its molecular weight, 30,000, is less than Mc, which
according to the previous estimates is about 37,000 in low-un-
saturation vulcanizates. A considerable proportion of these
molecules consequently survive the vulcanization process without
acquiring any cross linkages. These molecules exist as diluents
dispersed in the network structure. It cannot be expected that
their influence on physical properties would be equivalent to that
of components which “co-vulcanize” with the network structure.

Confirming the predicted partial nonreaction of the low-mo-
lecular-weight constituent in these mixtures, the soluble material
extractable (with cyclohexane) from vulcanizates C-2 and C-3
was exceptionally high—9.5 and 16.1%, respectively. These
figures correspond to 47.5 and 46%, respectively, of the total
amounts of the iow-polymer constituents in the vulcanizates.
Taking M, as 37,000, the average number, y, of cross-linked units
per primary molecule of the lower constituent becomes 0.81.
The fraction of those molecules devoid of cross-linked units will
be given, therefore, by exp(-0.81), or 0.45. Practically
all of the cross-linked molecules will be bound to the network, as
a consequence of the preponderance of the constituent of higher
molecular weight. Hence, the percentage of the lower constit-
uent which remains soluble should be about 45. The observed
percentages are in good agreement with this figure.
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When compounded and vulcanized, unfractionated polymer
11-A yielded a tensile strength of 3100 pounds per square inch.
When this value is plotted in Figure 13 against its number-
average molecular weight (200,000), good agreement with the
curve established for the fractions is secured. This result there-
fore confirms the conclusion to be derived from the results on
mixtures of fractions—namely, that tensile strength is an explicit
function of the number-average molecular weight being otherwise
independent of the particular molecular weight distribution.
Qualification is necessary, however, when the heterogeneous
polymer contains an appreciable fraction of molecules too low in
molecular weight to bo united with the network structure.

Effect of Nonvulcanizable Ingredients. The effects of non-
network constituents on tensile strength is made clearer by re-
sults obtained on mixtures of Butyl with ingredients which are
incapable of entering into the vulcanization reaction. Two poly-
isobutylene fractions, one of intermediate and the other of low
molecular weight, and a refined petroleum distillate, Primol-D,
were compounded with separate portions of Butyl fraction 1-3
Table X1 lists the compositions of these mixtures, their tensile
strengths, and ultimate elongations. The nonvulcanizable in-
gredients were almost quantitatively extractable.

The outstanding result in Table X1 is the independence of
the tensile strength on the molecular weight of the added nou-
reactive ingredient; regardless of whether polyisobutylene of
150,000 molecular weight or Primol-D with a molecular weight of
only a few hundred is employed, the same tensile strength, within
experimental error, is observed for the same weight percentage of
nonvulcanizable ingredient. In view of this result it is obviously
impossible to include non-network ingredients in the number-
averaging rule given earlier.

.

DISCUSSION OF TENSILE STRENGTH RESULTS

No adequate theory of tensile strength in high polymers exists
at present. Proceeding from a phenomenological point of view,
it is noteworthy that in Butyl, as in natural rubber, relatively
little tension is developed until high elongations are reached,
whereupon thero is an enormous increase'in stiffness, the tension
rising rapidly with further elongation. The rubber acquires to a
considerable degree the characteristics of a textile fiber. (The
tensile strengths of the best fibers of silk and cellulose are in the
range 50,000 to 100,000 pounds per square inch. Butyl fractions
of high molecular weight register tensile strengths of over 40,000
pounds based on the cross section at break.) Obviously, it {9

tions ds. M olecular W eight

Q Polymer IV, 20-min. eure«
© Polymer IV, 40-min. cures
O Polymer V, 15-min. cures
§ Polymer V, 30-min. cures
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(hisregion of the stress-strain curve which is of primary impor-
tane with respect to strength.

The connection between crystallization and the transformation
dfthe rubber from a soft, easily deformed material into a hard,
fibraus substance was pointed out earlier in the paper; through-
atthe steep portion of the stress-strain curve the rubber is con-
sicered to be highly crystalline.  As pointed out frequently in the.
literature on natural rubber, this circumstance suggests an inti-
mee connection between crystallization and high strength.
Insupport of this view, the tensile strength of either Butyl or
natural rubber is very small at temperatures such that crystalli-
zdion does not occur on stretching (pure gum cures). Further-
noe, synthetic rubbers which do not crystallize when stretched
gererally exhibit low strengths, except when compounded with a
reinforcing pigment such as carbon black. Their stress-strain
anes possess no final steep portion. Partial exceptions are
fourd in certain elastomers having relatively high brittle points
(alternatively, when the temperature of measurement is not far
aoe the brittle temperature); they exhibit intermediate
strengths, at the sacrifice, however, of high elongation. Their
superiority in strength as compared with other noncrystallizing
rubbersmay be the result of embrittlement induced by stretching.

(n considering the effects of deformation on the structure of
trenoncrystalline and “fluid” (as opposed to brittle) rubber, it is
dear that, the chains will easily slip from one configuration to
another in whatever manner best alleviates the imposed stresses.
Oning to the irregularity of the loose network structure, elonga-
tin inevitably induces widely varying degrees of orientation in
aias elements of the structure, with corresponding inequalities
inthe distribution of stresses among chains. Only a minute
fraction of the chemical bonds in any particular section of the
lubber need be broken in order to destroy the continuity of the
retwork structure.  Thus, in a given portion of the network
structure, where the stresses borne by the chains happen to be
excessively above average, breakage of only a few chemical bonds
eliminates reaction (of this part of the network) to the applied
dress. Thus, in effect, a relatively few bonds withstand the
stress.

When elongation induces crystallization, oriented chains are
bound together in crystallites. The aggregate lateral van der
"aals forces between adjacent chains in the crystallites vir-
tually eliminate longitudinal slippage of a chain relative to its
neighbors within the crystallite (22, 23), although there is rela-
tively little resistance to lateral separation of the chains. Thus,
crystallization improves orientation of portions of the chains
entering the crystallites, and at the same time it impedes longi-

~N'Sure 13. Tensile Strongills Obtained from M ixtures

of Low-Unsaturation Fractions (Table X))
Th
curr© is a duplicate of the one for homogeneous fractions in
Figure 10.
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Tabi.e X. iTensile Strengths of M ixtures of Low-Unsatu-
ration Butyl Fractions (Purh-Gum Cures, 60 M inutes at

307° F))
% of Polymer Tensile
) . of Lower Mn x 10-* Strengths, Elongation0
Designation”  Mol. Wt. Caled.* Lb./Sq. In. %

1-3 0 805 4200 1050
A-l 10 435 4150 1025
A-2 20 300 3200 1025
A-3 40 183 2800 1075
A-4 65 124 1650 1100
111-10 100 85 110 950
-2 0 410 4300 1025
B-I1 25 280 3540 1025
B-2 50 210 3200 1060
B-3 75 171 2750 1060
11-10 100 143 1700 1050
-1 0 035 »
c-1 10 210 3650 1660
c-2 20 120 2800 1075
c-3 35 79 1830 1100
[11-17 100 30 0

1-6 0 580 4000 1025
D-I 40 240 3200 1050
D-2 05 175 2600 1100
11-11 100 127

“ See Tables Il and IV.

b Number averages calculated from molecular weights of the individual
fractions before compounding. See the discussion of this point in the Ex-
perimental part of the paper.

¢ Tensile strengths and ultimate elongations represent mean values ob-
tained with two or more dumbbells of the same cure.

tudinal slippage of the chains. An appreciable fraction of amor-
phous material remains, and conceivably rupture may eventually
originate in these regions. However, many valence bonds must
be broken to accomplish the onset of complete failure of the
sample. The amorphous regions contain numerous “chains”
leading from one crystallite to another, each crystallite functioning
as a giant cross linkage which binds together ends of these chains.
In other words, the stresses in the amorphous regions are borne
by many chains, and failure of the sample cannot occur through
rupture of a few of them. An extension of these arguments to a
rubber which embrittles on stretching is obvious.

In view of the dominant importance of crystallization in rela-
tion to strength, it seemed appropriate in the course of the analy-
sis of the results given above to explore the postulate that tensile
strength should be dependent on the proportion of the vul-
canizate which is oriented by stretching and, therefore, suscep-
tible to crystallization. According to Equation 9 the fraction of
the vulcanizate occurring in principal network chains, exclusive
of terminal chains which are not permanently oriented by stretch-
ing, is given by

«W=1-2MI(M + MQ (1)

If the molecules are heterogeneous in length, M is to be replaced
by the number average Mn since it is the number of primary
molecules which is of concern, as shown in the course of the
derivation of Equation 9. The tensile strength could be ex-
pected, therefore, to depend explicitly on the number-average
molecular weight, in accordance with observation.

If it is postulated further that the tensile strength should in-
crease linearly with the fraction wa of “active” network, then
according to Equation 9 or 21 the tensile strength should de-
crease linearly with I/(ilf + Mc), which is about equivalent
to 1/M except when M is small. In Figure 14 the tensile
strengths for the low-unsaturation fractions and their mixtures are
plotted against I/(ilf + Mg, Mc being taken equal to 37,000.
The points are in surprisingly good accord with the postulated
linear relationship. There is some indication of curvature,
but this may not be beyond the experimental error. The
equation of the straight line drawn in Figure 14 can be expressed:

Tensile strength in pounds per square inch = (22)
5600 [1 - 126,000/ (M + 37,000)]
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Figure 14 Tensile Strength of Lov-Unsaturation

Fractions and M ixtures after Pure-Gum Cure VS,

1/(Mm + Me),ori/(m, + Mo

O Fractions
0 Mixtures of fractions
3 Unfractionated polymer 1I-A

A plot against I/M is about equally satisfactory; i.e., within the
limits of experimental errors the tensile strength varies linearly
with the reciprocal of M or M nat constant degree of cross linking.

The linear relationship between the fraction wa of the material
which is oriented by stretching is not a direct proportionality.
If this were the case, the tensile strength would reach zeroat M =
Mc¢ the observed, linear relationship extrapolates to zeroat M =
89,000 (Equation 22). At this molecular weight, according to
Equation 21 with Mc — 37,000, wa — 0.41; i.e., about 41% of
the vulcanized polymer is subject to permanent orientation when
stretched. If Equation 21 is incorporated into 22, again with
Mc = 37,000, the tensile strength relationship can be expressed in
terms of the fraction of orientable material as follows:

Tensile strength = 9540 (uu —0.413) (22A)

It is understandable that tensile strength should virtually
vanish with decrease in molecular weight well in advance of the
disappearance of the orientable fraction of the structure. The
unoriented portion of the structure depresses the tendency of the
oriented portion to crystallize on stretching. If the former
somewhat exceeds the latter, rupture occurs before the material
can be induced to crystallize by stretching. In Figure 5, for
example, the strcss-strain curve for the vulcanizate of 110,000
molecular weight shows no evidence of crystallization (as pointed
out in the previous discussion of stress-strain curves at high
elongations). Owing to the high proportion (1 — wa) of ter-
minal chains, an excessive elongation presumably would be re-
quired to produce crystallization. Before such elongations are
reached, however, sufficient stress is developed within the poorly
constructed network to produce rupture. This occurs at an
elongation of about 800%. The tensile strength of the material
is only of the order of 100 pounds per square inch. For the de-
velopment of appreciable strength a considerable fraction of the
structure must be oriented by stretching.

The present tensile strength relationship should be applied lit-
erally only to vulcanizates which exhibit some vestiges, at least,
of crystallization before they fail. This follows from the nature
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of the postulates introduced in the above quasi-theoretical treat-
ment. It is obvious also that it cannot possibly apply in the
molecular weight region below about 100,000; at an M of 89,000
the tensile strength is predicted to reach O, but a polymer of loner
molecular weight retains some strength, although it is very low—
i.e., less than 100 pounds per square inch.  As far as the abovere-
lationship is concerned, strengths of this order are negligible.

The numerical coefficients in Equations 22 and 22A doubtless
will be altered by a change in temperature. At a lower tempera-
ture, for example, it is likely that appreciable tensile strength
would be retained to lower molecular weights and, hence, to
values of wa less than 0.4, owing to the increased stability of the
crystalline state.

The tensile strengths of cellulose acetate samples are similarly
related to their molecular weights. In addition to finding that
the tensile strength is an explicit function of the number-aver-
age molecular -weight, Sookne and Harris (27) state that the ten-
sile strength of a mixture of fractions can be deduced by weight
averaging over the tensile strengths of the pure fractions; ie,
if (TS)i and (TS)2are the tensile strengths of the pure fractions,
then the tensile strength of a mixture prepared from weight frac-
tions us and u2can be predicted from the equation:

(TSYM= m (TS)t + W, (TSh

It can be shown (11B) that these apparently contradictory state-
ments are reconcilable only if the tensile strength is related to the
molecular weight of a pure fraction in accordance with

TS = A + B/M 3

where A and B are constants. Equation 23 is equivalent to
Equation 22 if I/(il/ 4- Mg is replaced by I/M. The tensile
strengths of cellulose acetate, according.to the results of Sookne
and Harris (27), should therefore decrease linearly with 1/Mn.

This similarity between the tensile strength-molecular weight
dependence for a rubber, on the one hand, and for a cellulose
derivative on the other is striking; the one possesses a network
structure and is capable of undergoing high elongation, whereas
the other contains no primary valence network and elongates
relatively little. Spurlin (28) suggested that failure in fibes
under stress originates from the ends of molecules, which repre-
sent points of weakness in the structure. He concluded that
tensile strength should depend in some manner on the number-
average molecular weight. While the results on cellulose
acetate are at least partially accounted for by this explana-
tion, it fails completely if applied to the results on Butyl. Here
it is the amount of nonorientable material rather than the number
of ends of molecules, or number of terminal chains, which is pri-
marily important.

The linear dependence of tensile strength on the fraction of the
structure which is permanently oriented by stretching can be ex
tended to mixtures with nonvulcanizing ingredients (Table Xi).
In these vulcanizates,

wa = «*[1 - 2MJ(M + M0)] @)

where wi is the weight fraction of Butyl polymer in the mixture.
We shall assume that Mcis 37,000, being unaffected by the dilu-
ent; actually'it may be increased slightly owing to the increasem
“intramolecular” cross linkages (5) with dilution. Taking for X
the observed molecular weight 690,000 of fraction 1-3 after com
pounding without diluent (Table I1), and substituting W values
of 0.85 and 0.70 into Equation 24, the fractions wa of active net-
work in the vulcanizates of Table X1 arc 0.764 and 0.629, respec-
tively. Substituting these in Equation 22A,Jjie tensile strength
for the vulcanizates containing 15% nonvulcanizable diluent K
calculated to be 3350 pounds per square inch, in comparison wit

the observed values of 3100 to 3250. For the vulcanizates con
taining 30% of nonvulcanizable material, the tensile strengt

calculated in this way is 2060, compared with the observed values
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in the range 2100 to 2250 pounds per
square inch. The agreement is all that
could be expected.

Evidently the tensile strength is' de-
pressed equally (on a weight or volume
besis) by terminal chains and by ingre-
dients which are not connected by chemi-
cad bonds to the vulcanizate network.
These are indistinguishable in so far as
their influence on tensile strength is con-
cemed. It now becomes clear why the
molecular weight of the nonvulcanizable
ingredient exerts no effect on tensile
strength.

Any diluent selected indiscriminately
may not necessarily produce the same effect. If an appreciable
heat change accompanies the mixing of diluent with network,
partial segregation on the one hand, or association on the other,
may be expected to modify the tensile strength. Specifically,
a diluent which mixes endothermally with the polymer may be
expected to reduce the tensile strength somewhat less than would
an equal proportion of terminal chains, or of an “athermal”
diluent such as one of those selected in Table X1. An exothermic
diluent may effect a greater depression in the tensile strength

lowing to its tendency to associate with, or adhere to, the net-
work chains and thereby suppress crystallization.

The molecular weights at which vulcanizates from the low- and
high-unsaturation polymers begin to acquire strength are ap-
proximately in inverse proportion to the concentrations of cross
linkages which they attain. For example, at molecular weights
of 100,000 and 60,000, respectively, their tensile strengths reach
100 pounds per square inch; these figures are about in the ratio
oftheir respective Mcvalues. In other words, the average num-
ber 7 of cross-linked units per molecule required for the onset of
appreciable strength appears to be about constant.

Other experiments not reported here have shown that a poly-
mer fraction containing about 0.15 mole % of isoprene and for
which M 600,000 yielded a vulcanizate (using the above
pure-gum recipe) with a tensile strength of about 3000 pounds
per square inch. Another fraction containing 0.30 mole %
isoprene and having the same molecular weight produced a
vulcanizate with a tensile strength close to 4000 pounds. As-
suming that the concentration of cross linkages varies, directly
as the concentration of diolefin (as indicated by certain results
cited in the discussion of the structure of Butyl vulcanizates),
the Mevalues for these vulcanizates, by comparison with the low-
unsaturation vulcanizates, should be about 120,000 and 60,000,
respectively. The values of y (= M/M ¢ for these vulcanizates
should be about 5 and 10, respectively, according to this assump-
tion. The low-unsaturation polymers which have been investi-
gated here in some detail acquirc tensile strengths of 3000 and
4000pounds per square inch at molecular weights of about 210,000
and 400,000, respectively. The corresponding values of y, 6and
11, are close to those for the above-mentioned vulcanizates having
corresponding tensile strengths.

While these results may be too fragmentary to justify definite
conclusions, they indicate that at the same value of y the tensile
strength is the same, independent of the degree of cross linking
OMr this range.  In other words, the tensile strength seems to
depend only on the percentage of orientable material, which
is very nearly proportional to (1 —2/y) (Equations 9 and 21).

ence Equation 22A can be applied to polymers varying both
inmolecular weight and in unsaturation, within the range 0.15
to 0.5 mole %.

At higher unsaturations—i.e., in the range of 1.0 mole % and
a °"6 Equation 22A cannot be applied. Here the maximum
N estrengths reached at high molecular weights are lower than
those for yulcanizates containing fewer diolefin units. The

Isgreater in polymers containing 1.5 to 2.0 mole % or more

Tabre XI.

Designation
None added

Polyisobutylene
(8-10)

Polyisobutylene
(18-25)

Primol-D
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11

0.75

0.30

CHEMISTRY 433

Tensile Strengths of Mixtures opButyl Fraction 1-3With POLY-
ISOBUTYLENES AND P rIMOL-D (CURED 60 mINUTES AT 307° F.)

fij] Obsvd. after Tensile

Mk

% of after Com- Vulcani- Strength, Elonga-
M X 10 -» Mixt. Caled. pounding  zation Lb./Sq. In. tion, %k
2.18 1.98 4200 1050
150 15 1.96 1.79 15 3250 1050
30 1.75 1.56 27 2250 1075
37 15 1.90 1.69 11 3100 1100
30 1.62 1.47 25 2200 1100
15 1.85 3200 1100
30 1.53 32 2100 1150

“ Extracted 8 days with cyclohexane at room temperature.

of diolefin. The depression of the tensile strength with increase
in the percentage of diolefin cannot be overcome entirely by
undercuring; hence it must be attributed to the diolefin units
themselves rather than to an excessive concentration of cross
linkages. Presumably the failure of the isoprene units to fit into
the polyisobutylene crystal lattice is responsible for this effect:
i.e., they decrease the degree of crystallinity which can' be
achieved. It is rather surprising” that this effect is noticeable
with as little as 1 mole % of isoprene.

Little has been said concerning ultimate elongation values.
For a given degree of unsaturation in the polymer, they increase
with M to a maximum which occurs at an intermediate tensile
strength, then decrease somewhat with further increase in M.
If the molecular weight is high, crystallization sets in at a lower
elongation, and the ultimate elongation is correspondingly lower.
Vulcanizates from polymers of lower molecular weight stretch to
high elongations before crystallizing, but rupture before they caD
be elongated much further. Owing to these competing factors,
a maximum occurs in the elongation-molecular weight relation-
ship. The ultimate elongation is decreased by an increase in
degree of unsaturation for reasons which are obvious in the light oJ
the earlier cliscussion of the high-elongation portions of the stress-
strain curves.

The effect of carbon black is somewhat obscured by the lack
of data bearing on the degree of breakdown which occurs during
compounding with carbon black. Solubility data on vulcanizates
from low polymers indicate that the degree of cross linking prob-
ably is not markedly affected by carbon black. Nevertheless,
tensile strength is developed at considerably lower molecular
weights in its presence.

Constant

Table X” Creep of Butyl Vulcanizates at
L oad
Polymer 11-5, Polymer 11-5, Polymer V-2,
21 Lb./Sq. In. 42 Lb./Sq. In. 44 Lb./Sq. In.
Time, min. a - L/Lo Time, min. a - L/Lo Time, min. a =o L/Lt
'
[ 12267 A 1.680 1 .4
Z 1.2350 1 1.711 2 Jl4é§g
1.2427 2 1.738 4 1.488a
1.246q 4 1.762 8 1.493g
é 1.251« 8 1.784 16 1.499?
1G 1.258, 16 1.808 39 1.505q
32 1.263) 32 1.827 76 1.5091
60 1.267n 64 1.846 100 15117
95 1.2083 100 1.857

This reinforcing effect disappears, in so far as tensile strength
is concerned, as the molecular weight is increased. At the high-
est molecular weights the tensile strength is reduced, as compared
with the pure-gum cures, by an amount which corresponds roughly
to the volume percentage of the pigment. In other words, the
strength of the black-loaded vulcanizate is about equivalent to
the strength of the Butyl rubber in the vulcanizate, the pigment
being considered to contribute nothing. There is no,enhance-
ment of tensile strength such as occurs when carbon black is in-
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Figure 15. Typical Creep Measurements
vs. Log of Time

corporated into natural rubber or other synthetic rubbers.
Perhaps this situation is due to the low adhesion between poly-
isobutvlene chains and the carbon black surface.

CREEP IN BUTYL VULCANIZATES

Table X1 records typical creep measurements under constant
load at 25° C.  When relative length a is plotted against the log
of time i as in Figure 15, the relationship observed is approxi-
mately linear, though not exactly so. Approximate linearity
in this type of plot is generally found for creep measurements
on rubber (18, 34) and other polymeric materials (19, SI).
The degree of curvature for other samples and at various loads is
about the same as for the examples shown in Figure 15. Inas-
much as the curvature is small and reasonably constant, the
slope of this plot at 10 minutes has been chosen to express the
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creep rate.

The creep rate depends on the applied load in a rather complex

manner.

A better criterion for characterizing a giveh rubber is

afforded by the relaxation constant, representing the rate of de-

crease in the tension at constant elonga-

Summary of Creep Results at 25° C.

38, No. A

load is further increased. In general, the values arc suffi-
ciently uniform to permit characterization of the sample by
an interpolated creep constant at about a = 1.5 (last column
of Table XIII).

When the network is rapidly deformed, terminal chains will be
distorted into nonrandom configurations, much as are the chain?
bound at both ends to cross linkages. Unlike the latter, however,
they are able to relax, owing to the fact that one end of each ter-
minal chain is unattached, and are therefore free to "diffuse” to a
new (statistically more probable) location. Hence, with tin-
passage of time they will rearrange to random configurations,
and their contribution to the force of retraction eventually will
vanish. If observations are made at constant deformation, re-
laxation of the stress is observed; if at constant load, creep
ensues.

The fraction, or number, of terminal chains for a given degree
of cross linking is approximately inversely proportional to M, orto

if the polymer is heterogeneous (Equations 9 and 9A). If.
in accordance with the previous discussion, creep in Butyl wul-
canizates originates for the most part in terminal chains, the
relaxation constant should be expected to increase with 1/M-
fn Figure 16 the relaxation constants from the last column of
Table X111 are plotted against I/M or 1/M nin the case of hetero-
geneous polymers. The relaxation constant increases about
linearly with 1/M, a plausible result in the light of the previous
discussion. In further confirmation of linear dependence of the
relaxation constant on the number of terminal chains, hetero-
geneous polymers fall approximately in line with the results for
fractions, number-average molecular weights being employed.

The extrapolated relaxation constants for infinite molecular
weight arc by no means negligible. Not all of the creep can be
attributed to relaxations of terminal chains, of which there are
none when M is @; some of it evidently arises from rearrange-
ments in the configurations within principal chains.

Although their intercepts are similar, the slope of the curve for
the polymers of low unsaturation is about 2.3 times that for the
high-unsaturation polymers. If creep depended merely on the
proportion of the vulcanizate occurring in terminal chains,

Showing Dependence ok

Relaxation Constant on Molecular Weight

tion. This quantity can be deduced
from the creep rate as follows: We as-
sume that G of Equation 11 is time de- Tavte X1
pendent, and that <pdepends only on a.
Then at constant load r,
dr = ip(bG/b Ini)adInl + Polymer
G(d<p/ba)tda = 0 of Mixture 10
which rearranges to 1 1080
(dInG/bInt)a = —(jp/tp)(da/d In t)r L4 650
where the derivative of < with respect
to a is written as <p Assuming < to 11-3 310
be represented approximately by Equa- I (5.5-6)* 275
tion 9, the relaxation “constant” becomes: 117 202
(bInG/bInt)a = e 300
D-2 175
-[*y~T)](d«/ain Or (25) H-A (unfrac-. 200
Table XIII1 presents values of the re- V-l 580
laxation constant computed using this Vo 480
equation, from the slope at t = 10
minutes of curves such as those shown in V-4 280
Figure 15 and from a at 10 minutes. For v-e s

a given sample the relaxation “constant”
varies somewhat with initial elongation.
It increases with increasing a up to
about a = 2, then decreases as the

Ten-Minute Values-

Relaxation
constant Interpolated
relaxation
LLobal(;, ax + 2 (®intiy TX {8 me)aX constant for
Sq. In. a =» L/Lt @* — )a 100 100 a - 15
Low-Unsaturation Vulcanizates (60-Minute Cures)
21 1.221 3.82 0.31 1.19 1.25
42 1.630 1.167 1.09 1.27
63 2.40 0.514 2.40 1.23
20 1.224 3.76 0.39 1.47 1.7
40 1.662 1.10 1.09 1.86
60 2.38 0.521 3.30 1.72
80 3.56 0.300 4.05 1.40
21 1.276 2.96 0.72 2.13 220
42 1.881 0.813 . 2.74 2.23
21 1.254 3.26 0.77 2.50 2.7
42 1.792 0.910 3.15 2.85
20 1.329 2.43 1.39 3.38 3.4
40 2.050 0.680 3.1 3.45
1.595 1.242 2.37 2.94 n 2.9
1.514 1.462 2.26 3.30 3.3
1.375 2.09 1.94 4.05 4.05
20 1.315 2.56 1.17 3.00 3.15
40 2.033 0.692 4.53 3.36
lligh-Unsaturation Vulcanizates (30--Minute Cures)
22 1.190 4.52 0.226 1.02 1.05
44 1.504 1.495 0.70 1.05
20 1.1925 4.46 0.250 1.12 1.19
40 1.496 1.525 0.78 1.19
22 1.2175 3.89 0.38 - 1.48 1.52
44 1.644 1.14 1.36 A .55 29
22 1.294 2.76 0.80 2.2T ,
14 1.327 2.45 1.23 3.0 3.5
22 1.545 1.37 2.72 3.7

a Number-average molecular weights are given for mixtures of fractions and for the unfractionatt'd

polymer II-A.

& This particular fraction was not included in Table II.
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irrespective of their average lengths, the slopes of these lines
should be in the ratio of the respective Mc values—i.e., about as
17isto 1. Apparently the relaxation constant depends also on
the lengths of these chains which arc free to relax.

SUMMARY AND CONCLUSIONS

In typical vulcanization of Butyl rubber with sulfur, zinc oxide,
and thiuram accelerator, only 1in about 3 of the diolefin units
present is cross linked. When the same recipe is employed, this
efficiency of utilization of diolefin units shows remarkably little
variation over a wide range in diolefin ,content. The Butyl
polymers with which most of the experiments were conducted,
referred to as low-unsaturation Butyl, contained about 0.5 mole
% of diolefin units. About 1 structural unit in 650 was cross
linked during vulcanization of these polymers; tl\e corresponding
molecular weight, Mc, per cross-linked unit was about 37,000.
Polymers of higher unsaturation (1.0 to 1.2 mole % diolefin) em-
ployed in some of the experiments gave vulcanizates in which Mc
wes 20,000 to 25,000.

Two types of chain elements of the network structure formed
by cross linking the primary Butyl polymer molecules during vul-
canization must be distinguished—principal or "active” chains,
each of which represents the portion of a molecular chain extend-
ingfrom one cross linkage to the next, and terminal or “inactive”
chains, extending from the end of a primary molecule to the first
ooss linkage along its length. The former are permanently
oriented by stretching, the latter are not. Hence, only the prin-
cipal chains contribute to general elastic properties. Likewise,
only the principle chains are encouraged to crystallize when the
sample is stretched. The unoriented terminal chains, of which
there are two for each primary molecule, consequently are detri-
mental to strength. Physical properties can be quantitatively
interpreted on the basis of this elementary concept of the essen-
tial structure of a typical rubber vulcanizate.

In accordance with statistical mechanical theories of rubber
elasticity, stress-strain curves for various pure-gum Butyl vul-
canizates are found to be similar in shape; up to about 400%
elongation, one can be superimposed on another merely by alter-
ingthe stress scale by a suitable factor. The factor of propor-
tionality, G, expressing the force for a given elongation, depends
on structure.  According to previous theories, which take no
account of network imperfections such as arise from the presence
of terminal chains, G should be proportional to the number of
chain elements—i.e., inversely proportional to Mc. Considera-
tion of the influence of the finite molecular weight M of the pri-
mary molecules (in a more rigorous manner than the approach
mentioned in the preceding paragraph might indicate) shows that
G and hence the “modulus” (tension) at a given elongation,
should be proportional to

(1/m (I - 2M./M)

The latter factor represents the correction for network imperfec-
tions. The modulus at 300% elongation has been observed to
vary linearly with the reciprocal of M when the degree of cross
linking (and hence M¢) is held constant in accordance with this
expression. From the slope of this relationship, M, for the low-
unsaturation polymers is estimated to be 37,000, in good agree-
ment with the figure (35,000) estimated from the critical molecu-
lar weight for incipient gelation during vulcanization.

While the dependence of modulus on primary molecular weight
to (before vulcanization) is in good agreement with theory, the
Magnitude of the observed modulus is several times greater than
t at calculated from theory. Furthermore, the modulus extra-
polated to M = @ shows a much smaller change with degree of
«oss linking than the direct proportionality to 1/M, predicted by

e°ry. These observations are adequately explained by the
assurPtion of network entanglements which impose additional
restrictions on chain configurations.
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Relaxation Constant VS,
W eight

Figure 16

Reciprocal of M olecular

(Pure-Gum Cures)

O Low-unsaturation fractions

€ Mixtures of low-unsaturation fractions

3 Unfractionatcd polymer II-A

0 lligh-unsaturation fractions from polymer V

Equilibrium swelling measurements in cyclohexane closely
parallel the results on the force of retraction. Taking the swelling
ratio SR to be the volume of the swollen vulcanizate divided by
the volume of dry rubber before dilution with solvent, theory pre-
dicts that I/(SR)6/3 should depend on the structure of the vul-
canizate in the same manner as the modulus. This quantity, in
analogy with the modulus, has been found to vary linearly with
1/M. From the slope of this relationship an M, value of 39,000
has been estimated for vulcanizates from the low unsaturation
polymers. As further verification of the predicted similar de-
pendences of swelling and modulus on vulcanizate structure,
inverse proportionality between the modulus and the 5/3 power
of the swelling ratio has been demonstrated for vulcanizates,
regardless of primary molecular weight, molecular weight hetero-
geneity, and degree of cross linking. It is evident that the same
cross linkages are effective, both in the response of the rubber to
deformation and in its reaction to swelling, van der Waala
forces, therefore, play no part in contributing to the effective
degree of cross linking, and the same entanglements are operative
in the swollen rubber as in the elongated, unswollen material.

At elongations above 400%, the precise region depending on the
vulcanizate structure, the slope of the stress-strain curve in-
creases rapidly, reaching a high value. Thereafter the curve
continues with approximately constant (high) slope to the break-
ing point.  Itisin this part of the stress-strain curve that high ten-
sion is developed, and hence the ultimate strength is determined
by the character of the rubber in this region.

The fairly abrupt rise in the stress-strain curve is believed to
coincide with the occurrence of crystallization; over the final
steep portion of the stress-strain curve the rubber is considered
to be predominantly crystalline. An increase in degree of cross
linking (decrease in M¢) causes crystallization to set in at a lower
elongation, presumably owing to the greater alignment of the
chains for a given elongation. A decrease in molecular weight M
postpones the onset of crystallization toward higher elongations,
owing to the increase in the proportion of nonoriented terminal
chains which act as a diluent on the remainder of the structure.

Tensile strength ordinarily has been considered to be a most
intractable property from a theoretical viewpoint. The resulta
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obtained with Butyl, however, are consistent with an unex-
pectedly simple structural interpretation: The tensile strength is
a linear function of the fraction of the structure which is oriented
by stretching. The tensile strength is presumed to depend di-
rectly on the degree of crystallinity achieved at high elongations.
This will depend on the percentage of the material which is
oriented by stretching.

Thus, the dependence of tensile strength on structure can be
expressed:

TS = a(wA —b) (26)

where a and b are constants, and the weight fraction wa of active
network, in the absence of diluents, is given by

WA= 1- 2MG(M + M9

In accordance with the above generalization, the tensile strength
at fixed degree of cross linking (constant M¢) varies linearly with
U{M + Me), alternatively, within experimental error the ten-
sile strength is linear with 1/M, M being > > Mcover the sig-
nificant range. The extrapolated tensile strength (250C.) for in-
finite molecular weight (WA — 1) is about 5600 pounds per square
inch. The linear relationship with wa extrapolates to zero
strength when wa is 0.4, although it is actually invalid below
about 100 pounds per square inch; vulcanizates with such low
strengths show no evidence of crystallization on stretching (be-
fore they fail), and presumably rupture occurs by a different
mechanism.

The same linear relationship between TS and wa appears to
hold when Mcis varied by altering the proportion of diolefin in the
polymer, provided it is not too high. The onset of appreciable
tensile strength occurs when there are an average of about 3
cross-linked units per molecule, regardless of the lengths of the
molecules. If the percentage of diolefin units is greater than
about 1.0, the tensile strength when the molecular weight is large
is depressed, owing, apparently, to the inability of the diolefin
unit to fit into the polyisobutylene crystal lattice.

As further evidence for the generality of Equation 26, it is found
to apply (with the same values of a and b) to vulcanizates which
contain inert diluents not connected to the network, such as poly-
isobutylene or mineral oil; it is necessary in this case merely to
let wa represent the weight fraction of active network in the com-
position consisting of vulcanized Butyl and diluent. In other
words, the diluent and terminal chains are quantitatively equiva-
lent in their effects on tensile strength.

Relaxation rate constants have been computed from creep
measurements on the Butyl vulcanizates. These also are ap-
proximately linear functions of 1/M when Mcis constant. The
results extrapolate to appreciable, though small, relaxation rates
forM = oo. It has been concluded that most, but not all, of the
relaxation (or creep) originates in rearrangements- in the con-
figurations of the terminal chains.

Heterogeneous polymers exhibit properties which in all cases
coincide with those of a fraction for which M is equal to the
Qumber-average molecular weight Mn of the heterogeneous poly-
mer. In other words, in each of the various relationships de-
rived from experiments on vulcanized fractions it is necessary
merely to replace M with Mn when dealing with heterogeneous
polymers. This explicit dependence on number-average molecu-
lar weight agrees with expectations based on theoretical considera-
tions, according to which each of the various properties depends
on the number of terminal chains or on the number of primary
molecules.

Although the experiments reported here have been confined to
Butyl rubber, it is felt that similar relationships pertaining to
“modulus”, swelling capacity, and creep can be expected to apply
to other vulcanized rubberlike materials. The tensile strength
of Butyl, on the other hand, appears to be intimately related to
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the development of a high degree of crystallinity on stretching.
In rubbers such as GR-S which do not possess this characteristic,
there is no reason to anticipate that the tensile strength will vary
linearly with wam A similar linear relationship probably would
be expected to apply to natural rubber, however.

Finally it should be admitted that many of the measurements
conducted in this investigation leave much to be desired from the
standpoint of accuracy. With the application of more refined
techniques, deviations from some of the relationships suggested
by the present results probably will be observed. Some of these
relationships may be presumed to represent first approximations
only. At any rate, the results which have been secured justify
the view that properties of rubberlike materials can be inter-
preted rationally and simply in terms of their structures.
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Commercially dehydrated cabbage, Irish potatoes, and

6weet potatoes were stored for one year under controlled

conditions of tem perature, m oisture, and atmosphere

The fresh, blanchcd, and dehydrated samples were as-

sayed for vitam in, oxidative enzym e, available iron, total

copper, and m oisture content. Sim ilar analyses on the
dehydrated sam ples were made several times during the
storage period The dehydrated cabbage and potato

deteriorated rapidly as evidenced by loss of ascorbic acid,

discoloration, and development of oiT-odor when stored

above 70-80° F.and atm oisture levels above /% in the case
of the w hite potato At lower storage tem peratures the

products were m ore stable No correlation between this

URING the past three or four years large quantities of de-

hydrated vegetables have been produced for the armed
forces and for Lend-Lease distribution. In many cases these
products deteriorated rapidly under the prevailing transport and
storage conditions. There has been a marked tendency to at-
tribute the deterioration to enzymatic activity remaining in the
product after processing or to regeneration of the activity during
the period of storage (2, 4, 6). This view was reflected in the
fact that the army specifications for dehydrated vegetables called
for a negative test for certain oxidative enzymes—i.e., peroxidase
and catalase.. However, little or no data are available which
show a correlation between the deterioration of a dehydrated
vegetable and the presence of a specific enzyme system. Because
of the suspected oxidative nature of the changes observed in de-
hydrated vegetables, it was decided to investigate several oxida-
tive enzyme systems rather than just peroxidase and catalase.

Deterioration in dehydrated vegetables is evidenced in several
ways—e.g., a change in color, odor, taste, and vitamin content.
Of these factors, vitamin content was chosen as a measure of de-
terioration because of its importance and capability of accurate
Measurement.  In general, only the vitamins present in nutri-
tionally important quantities in the raw vegetable were inves-
tigated.

The specific objectives of this joint investigation were, there-
fore, to determine if a correlation existed between enzyme con-
tent and nutritional deterioration, discoloration, and off-odor
development observed during storage, and to investigate the pos-
sibility of enzyme regeneration during the storage period.

Samples were collected during actual commercial production
®@various dehydrating plants. The fresh and blanched material

collected in friction-top lacquered cans and quick-frozen
by means of dry ice. The dehydrated product was collected in
the containers used in commercial production. Cabbage was
Packed under nitrogen gas. Duplicate samples of each collection
*ere packed in dry ice at the plant and immediately shipped to
Columbia University for enzyme studies. Quick freezing of the
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deterioration and the oxidative enzym e contentoriron and
copper content of the dehydrated vegetables was found
All the vitam ins assayed except ascorbic acid were fairlj

stable during storage The use of sulfite in the blanch

reduced the ascorbic acid losses in dehydrated cabbage

during storage. However, thiam ine was destroyed by the

sulfite. There was no evidence of any significant amount

of oxidative enzyme regeneration during the storage

period. The data do notsupportthe view that the storage

deterioration of com mercially dehydrated cabbage and

potatoes may be due to the action of oxidative enzymes
whose presence might arise from inadequate blanching or

regeneration during storage.

fresh product was found to be highly unsatisfactory for protecting
against vitamin losses during transportation from the manufac-
turing plant to the laboratory at Cornell University, where the
vitamin assays were made. As a result, extracts of all fresh and
blanched materials were prepared for vitamin analyses at the
plant.

VITAMIN DETERMINATIONS

Reduced Ascorbic Acid.  Suspensions of the fresh and
blanched vegetables were prepared at the plant by blending
with 6% metaphosphoric acid solution in a Waring Blendor.
These suspensions could be transported to the laboratory for
analysis as the ascorbic acid content was found to be stable for
several days. Suitable aliquots of this mixture were diluted with
water to make a 3% metaphosphoric acid concentration and fil-
tered. In the case of the dehydrated product, it was first ground
through a 20-mesh screen fn a micro Wiley mill, extracted with
3% metaphosphoric acid, and filtered. The reduced ascorbic
acid concentration of the filtered extracts was measured by a
modified xylene method (17, 22).

Riboflavin, Suspensions of the
fresh and blanched vegetables were prepared at the processing
plant by blending with 0.5 N hydrochloric acid in a Waring
Blendor. The suspensions were transported to the laboratory
and, the following day, were autoclaved for 15 minutes at 15
pounds pressure. The cooled mixtures were adjusted to pH 4.0-
4.5 with sodium hydroxide; 4 ml. of a suspension containing
160 mg. each of takadiastase and papain were added, and the
mixture was incubated for 12 hours at 37° C.  The mixtures were
filtered and made to volume, and aliquots taken for vitamin
analyses. In the case of riboflavin and niacin the extracts were
adjusted to a pH of 6.6-6.8.

Riboflavin was determined by the microbiological method of
Snell and Strong (20). Niacin was determined by the method of
Snell and Wright (21), as modified by Krehl et al. (I1S). Thi-

Niacin, and T hiamine.
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Tabte | Manufacturers' Data on Samtles
W hite Sweet
Cabbage 1 Cabbage 2 Potato Potato
Domestic Mixed ICatahdin Puerto Rican
Storage None None Cellar Sheds
Peeling None None CO9ntour steam  Caustic
Form of cut Shredded Shredded Diced Diced
Blanching
Type Hot SOa dip°® Steam Steam Steam
Time 30 sec. 3 min. 0 min. 0 min.
Drying
Type Cabinet Tunnel Tunnel Tunnel
Time, hr. 0b - 6 6C 6.5
Temp., ° F.
Initial 170 210 240
Finishing 130 150 165
Final moisture,
4.08 3.152 7.19«* 5.57
Pa4 COj co Air Air

° 0.5% sodium sulfite solution heated to boiling temperature.
Conditioned in fiber drum for about 1 week, then redried to final mois-
ture in cabinet dryer.
c Plus 24-48 hours in bin at 105° F. in the case of the potato sample with
7.19% moisture.
d 13.02% moisture after 6-hour tunnel drying.

amine was determined as the hydrochloride by the thiochrome
method (11).

Carotene. The determination was carried out essentially
as outlined by Moore (16). However, it was found necessary to
rehydrate the ground sweet potatoes with water before extracting
with alcohol; the ratio of water to ground dehydrated material
was 4 to 1 Extracting the original material with 95% alcohol
gave only about half the carotene value obtained when the ma-
terial was first rehydrated with water.

ENZYME ASSAY

Preparation of Extracts. Cabbage SampleS were hand‘
ground in a mortar with water, pH 7.0 citratc-phosphate buffer
(Mcllvainc), and Berkshire sand. The mixture was then cen-
trifuged, and the extract decanted and used immediately for
enzyme assay. White potato and sweet potato extracts were
prepared in Mcllvaine buffer (pH 7.0) with a Waring Blendor
since the dehydrated potatoes were extremely difficult to grind
by hand. They were centrifuged and used immediately for en-
zyme assay. However, it was judged inadvisable to grind cab-
bage with the Blendor because the violent intermixing of air in-
activated most of the ascorbic acid oxidase. To estimate the re-
producibility of the extraction process, in addition to the quanti-
tative activity values, an aliquot of the extract was dialyzed and
the undialyzable solids were determined by evaporation to dry-
ness at SO° C.

Quatitative Tests. 1eSts were made for peroxidase, cata-
lase, catecholase, cresolasc, and laccase activity prior to each
complete enzyme assay, which included also ascorbic acid oxidase
and lipoxidase. These qualitative tests in most cases were ca-
pable of detecting smaller amounts of enzyme activity than could
be assayed quantitatively. Small specimens of the fresh,
blanched, or rehydrated vegetable were placed in systems con-
sisting of about 10 ml. of water, 1 ml. of Mcllvaine pH 7.0 buffer,
and 1 ml. of a 1% solution of the particular substrate in question.
For peroxidase the substrates were benzidine, guaiacol, and cate-
chol in the presence of about 0.01 N hydrogen peroxide. For
catecholase, cresolase, and laccase the substrates were catcchol,
p-cresol, and hydroquinone, respectively. The detection of cata-
lase was based on the evolution of bubbles of oxygen from the
surface of the sample suspended in about 0.01 N hydrogen per-
oxide. W.ith the exception of catalase, the presence of enzyme
was detected by the development of colored reaction products at
room temperature. Because of the susceptibility of the sub-
strates to slow aerobic oxidation, colors appearing on the vege-
table sample after standing for an hour were not considered posi-
tive tests.

Quantitative Tests. Peroxidase activity was estimated by
a modification of the method of Balls and Hale (8). A reaction
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volume of 55 ml. was employed at 25 0C. with atmospheric oxygeD
excluded by means of a continuous stream of nitrogen through the
system, as used by Balls and Hale, but without the mineral ol
layer. Aliquots for titration of hydrogen peroxide were with-
drawn at varying intervals by a pipet which was filled by pressure
of nitrogen on the surface of the reaction mixture.

Catalase was assayed manometrically by following the rate of
evolution of oxygen from hydrogen peroxide at 25° C. and pH
7.0,in a volume of 8.0 ml. The less sensitive titrimetric method
of von Euler and Josephson (8) was employed in a supplementary
manner where relatively large amounts of the enzyme were
found.

Ascorbic acid oxidase activity was estimated by the mano-
metric method described by Lovett-Janisou and Nelson (1J);
the use of gelatin was found to be unnecessary with the crude ex-
tracts. Laccase was determined by the manometric method of
Gregg and Miller (9), and the cresolase activity of tyrosinase was
assayed by the manometric method of Gregg and Nelson (10).
The catecholase activity of tyrosinase was estimated according
to the manometric method of Adams and Nelson (1). Although
there are fundamental objections to the latter (15) as applied to
purified tyrosinase, it is particularly suited to crude extracts
containing small amounts of enzyme.

Lipoxidase assays were made by Sumner’s colorimetric method
(S3), employing linolcic acid as substrate® Serious difficulty wes
encountered in the turbidity of the final solutions, particularly
with extracts from dehydrated potatoes. This led to the de-
velopment of a manometric method based on the oxygen ab-
sorbed during the enzymatic oxidation of linoleic acid. Details
of this manometric method will be published later.

All enzyme assays were corrected for nonenzymatic catalysis
by comparison with "boiled” controls. In no case was there sig-
nificant nonenzymatic action in the controls.

Tabte Il Color and Odor Key
-Colob- . -O dor-

Appearance Symbol Predominant Symbol
Normal 0 Normal 0
Slight darkening + llaylike or sweetish +
Definite darkening + + Slightly toasted + +
Dark ++ + Toasted + o+ o+
Very dark or black +++ + Burned + o+ o+ o+

The oxidative enzyme contents in the tables for the various
vegetable samples arc expressed in units of enzyme activity.
The activity units are in each case proportional to the rate of the
enzymatic reaction observed with specific substrates. In the
casp of peroxidase, the activity unit is based on the first-order rate
constant during the peroxidase-catalyzed reaction between pyro-
gallol and hydrogen peroxide. For all of the manometrie meth-
ods employed, the unit of activity corresponds to that amount of
enzyme causing a rate of reaction of 10.cu. mm. of oxygen per
minute. Because of the different enzyme-substrate systems and
reactions involved, the use of a common manometric unit (i.e,
10 cu. mm. of oxygen per minute) does not necessarily indicate
an equivalent amount of enzyme in each case. It should be par-
ticularly emphasized that the defined units of peroxidase, colon-
metric lipoxidase, and the various manometrically measured ac-
tivities differ by large factors in relative size; cross comparisons,
therefore, generally cannot be made. All enzyme activities in
the tables are expressed as units per 100 grams of sample cal-
culated to a dry basis.

IRON, COPPER, AND MOISTURE

Chemically available iron was determined by.the dipyridyl
method of Hill (12) as modified by Elvehjem el al. (/), shacke -
ton and McCance (19), and Thierault and Fellers (24). In con
nection with the analytical methods for iron, one of the greatest
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sources of error was found to bo in opening the cans.. Most con-
ventional can openers caused a flaking off of small particles of
metal from the can which contaminated the contents. No single
opener was found to be entirely satisfactory. The most success-
ful for cans containing solid material is an opener that cuts a cir-
cular line along the side instead of from the top. In this manner
the particles sheared from the can tend to fall outside instead of
into the contents. This point should always be given considera-
tion when mineral analyses are to be run on material stored in
sealed cans.

The colorimetric diethyl dithiocarbamate method of Parks
dal. (1S) was used to estimate copper, after incorporating a num-
ber of modifications suggested by Ellis (<?), including a dry ash at
temperatures not exceeding 400° C. in the presence of magnesium
nitrate. Because of the minute amounts of copper present-and
the experimental error involved in the total copper measurement,
itdid not seem advisable to attempt to differentiate total copper
from so-called available copper.

Moisture was determined by the vacuum oven method of the
Association of Official Agricultural Chemisfe, at a temperature of
70° C. and a time of 6 hours.

CABBAGE

Tin- processing data obtained during the dehydration of the
various vegetables are given in Table I. Table Il is a key to the
color and odor record.

The two series of cabbage samples were processed at different
times; after collection both were stored at Cornell University
inNo. 1 cans under an atmosphere of carbon dioxide at various
temperatures. These two cabbage series differed not only in the
methods of blanching and dehydrating but also in the final mois-
ture level of the dried product (Table I). The significance of the
difference in variety cannot be evaluated from the data at hand.

Judging from the time of blanch and the moisture level of the
dried product, cabbage series 2 might be expccted to show the
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longer storage life if the deterioration during storage were largely
due to enzymatic processes. It must be kept in mind that, at
the time these studies were initiated, such enzymatic processes
were thought to play a prominent part in the storage deteriora-
tion of dehydrated vegetables. However, cabbage' 1 proved to
have a longer storage life than cabbage 2. This conclusion is
based on a comparison of the rates of deterioration of the two
series as shown by the ascorbic acid data and color and odor rec-
ord of Table I11.

The enzyme data in Table 111 reveal that significant amounts
of peroxidase, catalase,'and tyrosinase (catecholase and creso-
lase) were initially present in both series; but after blanching,
dehydration, and storage, only peroxidase remained in both series
in measurably significant quantity. Values of less than 10 units
of activity per 100 grams of dry matter are not. experimentally
significant in the cases of catalase, ascorbic acid oxidase, catecho-
lase, cresolase, and laccase, all of which were measured mano-
metrically. These data, coupled with the fact that the amounts
of peroxidase present in the stored samples of both scries were
approximately equal, makes it clear that the noticeable type of
storage deterioration in cabbage series 2 is not due primarily to
oxidative enzymatic action. If one assumes that peroxidase ac-
tion is the fundamental cause of deterioration, then the storage
life of both cabbage series should have been about the same.

As a result of studies in numerous laboratories on the effect of
gases in storage containers, an important role in the deteriora-
tion of dehydrated vegetables during storage has been ascribed
to oxygen. For this reason it seemed possible that catalytic oxi-
dations induced by metallic ions might be important, conse-
quently chemically available iron and total copper contents were
investigated. However, the available iron data were approxi-
mately the same in both cabbage series (Table 111) and thus the
longer storage life of cabbage 1 cannot be explained in terms of
the iron content. Cabbage series 1, having the longer storage
life, contained considerably more copper than did cabbage 2.

Table 111, Analytical Data on Fresit and Commercially Dehydrated Cabbage
i Vitamins, Mg./100 G.
Avﬁ.lolﬁble of Dry Matter Enzymes°tUnita/100 G. of Dry Matter .
Mg./100 Ascor- Ascorbic Physical
Description of Mois- G. Dry Ribo-  Thia- Nia- bic  Peroxi- Cata- acid Cata- Creso- Lac- Characteristics
Sample ture, % Matter flavin mine cin acid dase lase oxidase choiase lase case Color Odor
Sulfite-Blanched Cabbage, Scries 1&
Fresh 92.41 0.50 0.60 3.09 c 0.6 250 43 190 1% 8
Blanched 94.29 10.6 0.32 0.33 2.43 345 ) 50 0 70
Dehydrated 3.42 7.1 0.41 0.05 3.30 250 6.0 13 0 5 4 +
.Dehydrated«* 4.08 7.6 0.40 0.12 3.23 307 4.1 10 0 13 7 +
stored 70-80° F.
6 weeks 4.34 ;8 0.41 0.07 2.92 275 0.05 0 0 0 0 4
15 weeks 4.20 0.40 50.04 2.71 291 0.02 6 0 0 + +
23 weeks 488 78 282 0.02 0 0 2 & +
27 weeks 5.26 255 0.02 0 2 0 ++
Stored 95-105° F. o i
6 weeks 4.94 ) 0.39 0.04 2.79 238 0.02 0 0 5 8
15 weeks 4.80 éb 0.41 0.03 2.60 122 0.02 0 0 0 4+ *t
23 weeks 5.58 7.8 40 0.02 2 0 ++4*4 +
Steam-Blanched Cabbage, Series 2e
Ff@'] 92.30 13.0 0.61 0.74 4.43 477 6.4 1S,000 0 80 50 40 8 0
Blanched 93.00 5.8 0.48 0.63 4.20 380 0.02 50 0 40 30 % 0
Dehydrated 3.15 2 0.45 0.55 3.86 266 0.02 0 0 20 9 + +
Stored 40-50° F.
9 weeks 3.83 8.3 0.44 0.70 3.53 228 0.02 0 0 2 +
17 weeks 3.60 9.3 228 0.02 0 0 0 +
21 weeks 4 .14 8.8 229 0.03 0 0 0 +
28 weeks 3.35 9.7 221 v ”
46 weeks 3.69 10.2 250 0!03 '5 0 2
Stored 70-80° F.
9 weeks 3.48 10.7 0.41 0.66 3.73 235 0.02 0 0 7 ++
17 weeks 3.94 7.8 223 0.03 0 0 2 4-4
21 weeks 453 7.2 228 0.03 0 0 0 -h-f+
28 weeks 3.8S 7.0 182 L. .. |
*6 weeks 410 8.0 205 o!éi 0 6 2 +++ +++
stored 95-106° Fv 0.02 0 0 0 44
9 weeks 3.79 11.6 0.46 0.69 3.07 131 . '
17 weeks 4.53 8.3 50 0.01 0 0 0 0 ++++ —HH-H

Lipoxidas'© also determined on all samples;

cross comparisons are not valid. s
e Total copper was also determined;

values on the fresh material were so low as to be considered insignificant.

nn s
values for all samples were of the order of 1 mg./100 grams

Size of unit varies from enzyme

umirq iaf,r

Sarnie was quick-frozen at plant and had an ascorbic acid value of only 09 mg*/100 grams dry matter when analyzed 18 hours later.

e*araPle taken from storage at plant, and studies continued on this sample.

(lable 1, iootnote ,)

lotal copper values for all samples were of the order of 0.3 mg./IOO grams dry matter.
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Irish Potatoes (Steam-Blanched)

Table 1Vv. Analytical Data on Fhesii and Commercially Dehydrated
Mg./I00 G.
Dry Matter Ascorbic Physical
Description of Moisture, Available Ascorbic acid Cate- Characteristics
Sample* % iron" acid Peroxidase Catalase oxidase cholase Cresolase Lacca idase Color Odor

Fresh 80.6 3.5 103 0.094 5100 17 490 850 47 5300 0 0
Blanched 80.1 3.5 51 0.000 2 0 0 2 0 0 0 0
Dehydrated

A 20.7 25 0.000 0 0 0 2 2 0 0 0

B 13.0 3.8 20 0.000 0 0 0 2 2 0 0 0

C 7.2 2.9 18 0.000 1* 3 1 1 1 6 0 0
B, stored 40-50° F.

0 weeks 13.1 2.8 19 0.000 0 3 3 0 1 0 0 0

12 weeks 12.7 3.9 19

30 weeks 14.1 3.1 14 olédo i i i iNe) (] + 0
B. stored 70-80° F.

G weeks 13.3 2.6 13 0.000 0 0 3 1 7 0 0

12 weeks 12.5 2.7 8 L. , . . .

30 weeks 14.0 3.1 5 0.”660 "0 2 O "0 'O* B¢ + o+ +
B, stored 95-105° F.

6 weeks 13.7 2.9 5 0.000 0 0 0 0 0 0 PR ++

12 weeks 13.1 4.4 7 .

30 weeks 14.3 3.0 7 0.”660 L x4 0 "o "0 o e} b+ o+ o+ P
C, stored 40-50° F.

G weeks- 7.2 2.7 13 0.000 0 4 1 1 0 0 0 0

12 weeks 6.2 3.2 12 |

30 weeks 6.6 2.7 13 0!660 T *3 O "0 "0 *0* o 0 0
O. stored 70-80° F.

G weeks 7.1 2.6 12 0.000 0 10 0 4 0 0 u 0

12 weeks 6.2 3.4 14 » |

30 weeks 6.7 2.8 11 o0l66o “ 0O 0 “ 0 * 0 * QO + 0
C. stored 95-105° F.

6 weeks 7.0 2.6 11 0.000 0 4 3 0 | 3 + 0

12 weeks 6.2 5.8 13 B . . .

30 weeks 7.0 2.6 15 O’'000 ie] , 3 '*0 e} 0 B¢ + 4--K +

1 Total copper values for all samples were of the order of 0.9 mg./IOO grams dry matter.

Size of unit varies from enzyme to enzyme;

Thus as with iron, the deterioration during storage probably can-
not be ascribed to the action of copper.

Although there was'a slight decrease in the riboflavin content
of cabbage during the processing, there was no further loss in the
dried product during storage up to about 4 months, even at 95-
105° F. In the steam-blanched cabbage 2 there was likewise no
significant loss of thiamine during storage. However, the use
of sulfite during the blanching of cabbage in series 1 almost com-
pletely destroyed thiamine. Although there appears to be a
tendency toward loss of niacin in dehydrated cabbage during
storage, the data offer no evidence that this trend is associated
with storage temperature.

Of most interest are the ascorbic acid data, which were used as
an index of the rate of deterioration. As a matter of fact, the
ascorbic acid content was the only nutritive, enzymatic, or metal-
lic factor measured which correlated with storage deterioration
as qualitatively indicated by the record of abnormal color and
odor development. The effect of temperature on storage de-
terioration is clearly shown by the vitamin C data for both cab-
bage series; the higher the storage temperature, the more rapid
the loss of ascorbic acid. However, in the sulfite-blanched cab-
bage the loss in ascorbic acid and the development of abnormal
color and odor were less pronounced during storage at 95-105° F.
than in cabbage 2, receiving a more drastic blanch. In series 2
almost 50% of the ascorbic acid content of the cabbage was lost
during the blanch and dehydration process, but on storage at low
temperature (40-50° F.) the vitamin C content remained con-
stant for nearly a year.

WHITE POTATO

Table IV contains data on the storage of commercially dehy-
drated Irish potatoes. They had been in cool storage for about 5
months prior to dehydration. They were steam-blanched for 5
minutes and dehydrated to two different moisture levels,
about 7 and 13%. One lot of potatoes, which was not stored,
was dehydrated to 20.7%.

The fresh vegetable contained experimentally significant
amounts of all enzymes, with the possible exception of ascorbic
acid oxidase. After the 5-minute steam blanch, none of the
enzymes (not even peroxidase) could be detected by qualitative
tests. Of the quantitative enzyme data in Table 1V, only those

cross comparisons are not valid.

values recorded for the fresh vegetable are experimentally signifi-
cant.

The available iron and total copper data are of no aid in fixing
the cause of the deterioration noted during the storage periods.
However, the total copper content of the potato samples was
about the same as in the samples of cabbage 1, and the available
iron content of the potato was much less.

About 50% of the ascorbic acid was lost during the blanch, and
50% of the remainder was lost during the dehydration process.
In low-moisture series C the remaining ascorbic acid was consider-
ably more stable during storage than in medium-moisture scries
B. Thus, when stored at 95-105° F., the 7% moisture sample
became inedible in about 7 months, whereas the 13% moisture
sample stored at the same temperature was undesirable as a food
in a little over 1month. The effect of storage temperature on the
retention of ascorbic acid and the development of off-color and
odor is particularly noticeable in medium-moisture series B. It
seems likely that the low and practically constant -values for as-
corbic acid recorded for series B during the 30-week storage
period at 95-105° F. may be largely due to the development of
pigments having a dichlorobenzenone-indophenol titer.

SWEET POTATO

None of the dehydrated sweet potato samples tested (Table V)
showed an experimentally significant quantity of enzymes, and
no positive qualitative test was obtained in any case. The fresh
and blanched vegetables were not available for assay, and the
dehydrated samples were not placed under controlled storage
until several months after they' had been processed. Here, as
in the case of the white potato, no definite conclusions can be
drawn from the available iron and total coppir content data.

Except for a slight difference in moisture level, the data in
Table V reveal no significant difference between the two series
even though series J was processed about 3 months before series
A. The effect of storage temperature on deterioration is again
evident from the ascorbic acid data; storage~at 95-105° F.
for about 4 months caused a 60% loss in ascorbic acid in both the
A and J series. The same general effect of storage temperature
is noted also in the carotene content, except that the carotene
losses are much smaller than the ascorbic acid losses.
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Tabte V. Analytical Dataon Commercially Dehydrated Sweet Potato (Steam-Blanched)

Available

Iron”, Vitamins, Mg./IOO

Mois- Mg./loo G- Dry Matter
Description of ture, G. Dry Caro- Ascorbic Peroxi- Cata-
Sample % M atter tene acid dase lase

Je 5.96 2.2 15.3 29.7 0.000 3
A 5.57 3.4 14.8 28.3 0.000 1
J,stored 40-50° F.

4 weeks 5.73 2.8 15.7 29.2

18 weeks 5.57 2.1 14.3 28.3 0!660 i
J. stored 70-80° F.

4 weeks 5.74 4.7 16.0 25.6

18 weeks 5.74 2.7 12.4 21.4
J.stored 95-105° F.

4 weeks 5.67 3.0 14.6 25.0

18 weeks 5.70 2.0 11.6 11.8 0.”660 i
A stored 40-50° F.

4 weeks 5.96 2.8 15.7 30.3

18 weeks 5.63 2.1 14.3 28.
A stored 70-80° F.

4 weeks 5.66 2.5 14.5 26.5

18 weeks 5.83 2.1 12.3 20.8 0i660 i
A stored 95-105° F.

4 weeks 5.76 4.2 14.1 22.2 ,

18 weeks 5.64 2.2 11.1 12.2 ol6do O

‘ Total copper values (or all samples were of the order of 0.6 mg./IOO grams dry matter.
cross comparisons are not valid.

bsize of unit varies from enzyme to enzyme;
ts to be considered insignificant.

c Sample was dehydrated in January, received for storage studies in June.

4Sample was dehydrated in April, received for storage studies in June.

If any discoloration of the sweet potato occurred during the
storage period of 18 weeks, it was largely masked by the deep
«range color natural to the potato. However, after 4-week stor-
ap at 95-105° F. a marked haylike odor had developed
which became more pronounced after 18 weeks.

ENZYME REGENERATION

No experimentally significant evidence was obtained showing
enzyme regeneration during the storage period of any of the de-
hydrated vegetables. Values of less than 10 units of activity per
10grams of dry matter are not experimentally significant in the
cases of those oxidases measured manometrically. As a further
check on the possibility of enzyme regeneration, all cabbage
samples after original analysis were placed in storage at two tem-
peratures (room and about —20° F.) and reanalyzed at a later
date. These reanalyses were made after storage periods ranging
froma few weeks to several months, but in no case was any sig-
nificant evidence of enzyme regeneration obtained.

The data strongly suggest that, under existing commercial
methods of blanching and dehydration, the problem of cabbage
and potato deterioration during storage, as evidenced by loss in
ascorbic acid and the development of off-color and off-odor, is not
fundamentally an enzyme problem. That is, the rate of deterio-
ration during storage was found to bear no relation to the oxidative
enzyme content of the dehydrated vegetables. Only in the case
ofthe two cabbage series was a significant amount of an oxidative
enzyme (peroxidase) found after the blanch. Dehydrated vege-
tables containing no detectable amount of oxidative enzyme were
found to be as likely to spoil as those containing small amounts
of peroxidase. No evidence of enzyme regeneration during the
storage period could be obtained. Furthermore the storage de-
terioration does not appear to be a problem of metal catalysis.
The discoloration problem of dehydrated potatoes was particu-
larly important because of the vast quantities processed for the
armed forces.

There is no question but that some type of a blanch is required
prior t0 the dehydration of vegetables containing peroxidase and
phenolases; it is well known that these enzymes may cause rapid
discoloration when the vegetable tissue is cut and exposed to air.
The discoloration problem during peeling and dicing is serious
"ith certain vegetables. However, it seems possible that the
drastic blanching conditions frequently specified to remove the
last trace of peroxidase activity may do more harm than good.

me support for this statement is found in the fact that cabbage
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series 2 having the more drastic
blanch had the shorter storage
life. 1t must be kept in mind,
however, that the increased

Ascor- Cate-
bic acid cho- Creso-  Lac- storage life of cabbage 1 was

0 . . 3 undoubtedly due in part to the

1 0 3 3 presence of sulfite in the
blanching solution.

6- o} i i Additional evidence that
drastic conditions of blanching
may do more harm than good
has been obtained inthe Colum-

4 6 © ! bia University laboratories
in connection with work on the
discoloration of dehydrated
potatoes under contract with

4 ! 0 s the Office of the Quartermaster

6 3 i 6 General. It seems probable

that during the blanoh ‘and
possibly also during the drying
process certain hydrolytic re-
actions are initiated, particu-
larly when the blanch and de-

Lipoxidase values were so low

hydration are relatively drastic.

Reactive chemical groupings
thus liberated during processing may then bring about nutrient
losses and color and odor changes during storage which are char-
acteristic of deterioration. It seems clear that such chemical
reactions during the storage period are not'dependent on enzyme
activity, at least of the oxidative type; the data in the tables
show that the rate of deterioration is markedly dependent on
storage temperature and moisture level.
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Molecular Weight-Physical Property
Correlation for Petroleum Fractions

I. W. MILLS, A. E. HIRSCHLER, AND S. S. KURTZ, Jr.
Sun Oil Company, Marcus Hook and Norwood, I'a.

Several correlations of molecular weight with physical
properties are presented which cover the ordinary range
of petroleum fractions. For fractions of 70-300 molecular
weight (gasolines, kerosenes, lightlubricating oils) boiling
point and gravity are employed; the correlation gives

good results for pure hydrocarbons of varipus

types
(average deviation 2.4% for 134 compounds) as well as for
petroleum cuts. For lubricant fractions of 240-700
m olecular weight correlations are described for viscosity
w ith gravity and for viscosity at 100° with viscosity at
210° F . the form er are not, in general, applicable to pure

hydrocarbons but give good results for most lubricant

E experimental determination of molecular weight is time

I consuming and requires rather highly trained personnel.
Therefore, it is desirable to obtain molecular weights for petro-
leum fractions from-correlations with other physical properties
which can be more easily and accurately determined.

The correlations presented here are of three types which cover
the ordinary range of petroleum fractions: (a) molecular weight-
boiling point-density for gasolines, kerosenes, and light oils
(molecular weight range 70-300); (b) molecular weight-viscos-
ity-density and molecular weight-viscosity at 100° F.-viscosity
at 210° for oil fractions (molecular weight range 240-680);
(c) molecular weight-refractive index-melting point for petro-
leum waxes (molecular weight range 240-560).

MOLECULAR WEIGHT-BOILING
POINT-DENSITY

The correlation of molecular
weight with specific gravity and
boiling point is based on a curve pre-
sented by Smith (27), which shows
the relation between reciprocal ab-
solute boiling point and specific
gravity for the various homologous
series.  Smith’s work was primarily
concerned with obtaining a consti-
tution index for crude oil fractions.
The relation of this graph to molec-
ular weight, however, is quite clear.

Watson (31) presented a correla-
tion of boiling point and density
with molecular weight, but the
derivation and statistical evaluation
were not given. The boiling point-
density correlation developed in this
work is, for the most part, in close

agreement with that of Watson. tTI-PARAEEINS

Our correlation, however, is based AVE. PARAFFINS
- . CYCLOPENTANES
on true boiling points, and curves CYOLOHEXANES

are given for correcting observed
boiling points obtained in the
A.S.T.M. distillation. (WITHOUT
In our development of the correla- 060 065
tion, pure compound' data (2, S,
29) were plotted on a graph of the

~No o wnN

Figure 1.

fractions, with the exception of G ulf Coast or California
distillates above 350 m olecular weight. W ith the use of
a correction, the viscosity-gravity correlations give good
results for these oils also. The correlation of viscosit}
at 100° w ith viscosity at 210° is in approxim ate agrcemecnl
w ith the data for pure hydrocarbons ofvarious types and
gives good results for all types of petroleum fraction*
for which data are available. For petroleum waxes melt-
ing point and refractivec index at 80° C. are employed;
the correlation is in good agreement with the data for

the n-parallins as well as for petroleum waxes of various

types

type presented by Smith (Figure 1). Average molecular weight
points were spotted and the lines of constant molecular weight
were drawn which would agree well for most of the homologous
series. The biggest deviation is found with the normal paraffins
which always boil considerably higher than the average for any
group of paraffin isomers. The molecular weight lines .ac
adjusted to agree with the average paraffin data; therefore the
correlation is not quite so good for normal paraffins as for moat
other compounds.

The above method of spotting constant molecular weight lines
was adequate up to 150 molecular weight; however, the relia-
bility of general pure compound data above this molecular
weight is somewhat doubtful; therefore the following method

BENZENE DERIVATIVES
NAPHTHALENE DERIVATIVES
NON-CONO. C6 RINGS
SIOE CHAINS)

0.75 0.80 0.85 0.90
DENSITY -5

Reciprocal Boiling Point, Density, and M olecular Weigh'
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(*ifirro2. Reciprocal Boiling Point vs. Molecular Weight

ws used. The relation presented in Figure 2 shows that, if
reciprocal absolute boiling point is plotted against molecular
weight for the normal paraffins, a smooth curve is obtained (line
) [f the data for the noncondensed C6ring naphthenes with-
out side chain are plotted, a curve equidistant from that for the
n-paraffins is obtained (line B).

If the intersections between the constant molecular weight
lires and the normal paraffin line (from Figure 1) up to 150
molecular weight are plotted on this graph the resulting curve
is also equidistant from the actual
i-paraffin  line  (curve C). It
"as assumed that the same equidis-
tance woyld hold above 150 molec-
ular weight, and line C was extended
onthis basis.

Using B and C, the intercepts of
the lines of constant molecular weight
with curves 1 and 7 of Figure 1 were
established above 150 molecular
"eight. By using curve C (Figure 2)
rather than A in establishing the
lires of constant moleoular weight
the same deviation is assigned to the
n-paraffins above and below 150 mo-
lecular weight.

The two series of compounds were

selected because they are far enough
»partin Figure 1to establish the slope
of the constant molecular weight
lines, and because their data were
considered most reliable in this mo-
lecular weight range. The data for
tbc naphthalene series (curve 6,
Figure 1) were used to establish the
®olecular weight lines in the high
density range. These data indicated
thatsome curvature had to be applied
tothe molecular weight lines to fit this
scnes, and they were drawn so that
o curvature occurs for the most
PMt beyond curve 7.

Since reciprocal absolute tem-

perature is an awkward term to Figure 3.
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handle, the graph was shifted over to a boiling point-density plot
as shown in Figure 3. Since the correlation is based on pure
compound data, the temperature coordinate is true boiling point
at 760 mm. In using the correlation, it is therefore necessary to
correct boiling points (50% evaporated point) determined with
A.S.T.M. distillation equipment (Procedure D86-40). By
applying an emergent stem correction to the boiling point, a
satisfactory approximation of the true boiling point is obtained
where the barometric pressure is in the range 750-770 mm.
(Pressure correction should be applied if pressure is above 770 or
below 750.) These corrections for A.S.T.M. distillations may
be obtained from Figure 4. Both curves are based on a room
temperature between 770and 90° F. and were calculated by the
following equation:

C =Kn (T —i)
where C = correction, ° F.
li = 0.00009
n = number of degrees of exposed stem

T —temp, of bulb, OF.
t = temp, at mid-point of exposed stem

Experimental data for temperature of this mid-point of the ex-
posed stem were found to be in essential agreement with data
obtained in another laboratory.

The accuracy of Figure 3 depends somewhat on the law' of
averages sincp it is based on the average physical properties for
mixtures of isomers. If it is used on a very narrow cut in which
there may be a high concentration of one isomer, more variation
may be encountered than with mixtures of a considerable number
of isomers.  This point is illustrated in Table I which gives data
for the C7paraffins and naphthenes. Table Il shows the agree-
ment of Figure 3 for various classes of pure hydrocarbons. The
normal paraffins, as previously stated, do not agree particularly
well with this correlation, since it was deliberately set to agree
with average paraffin data. For the whole group of 134 pure
hydrocarbons, the average deviation of the calculated molecular

DENSITY °C.

True SO%Boiling Point, Specific Gravity, and M olecular W eight
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Table I.
Weight Correlation for C7 Paraffin and

Accuracy of Boiling Point-Gravi®y-M olecular
N aphthene
Isomers

Caled.
B.P., Sp.Gr, Mol. Devia-
Compound (Mol. Wt.) °C. dj° Wt.  tion, %
Paraffins (100)
2,2-Dimethylpentane 79 0.6730 90
2,4-Dimethylpentane 81 0.6729 97 -3
2.2.3-Trimethylbutane 81 0.6900 95 -5
3.3-Dimethylpentane 80 0.6932 97 -3
2.3-Dimethylpentane 90 0.6931 100 0
2-Methylhexane 90 0.6787 102 + 2
3-Methylhexane 92 0.6870 102 + 2
3-Ethylpentane 93 0.6984 101 + 1
n-lleptane 98 0.0839 107 +7
Average deviation 3
Naphthene (98)
I-Methyl-2-isopropylcyclopropane 81 0.7101 92 -6
1.1-Dimethylcyclopentane 87 0.7517 92 -6
1,3-Dimethylcyclopentane 91 0.7479 95 -3
1.2-Dimethylcyclopentane (low boiling) 92 0.7495 96 -2
1.2-Dimcthylcyclopentane (high boiling) 99 0.7718 97 -1
Methylcyclohexane 100 0.7707 98 0
Ethylcyclopentane 101 0.7610 99 + 1
Average deviation 2.7
Table II. Accuracy of Boiling Point-Gravity Correla-

tion for Various Hydrocarbon T ypes

No. of Mol. Av. Devia-
Com- Wit. Devia- tion of
Type Compound pounds Range tion, % Av., %
n-Paraffins 14 100-282 5.7 +5.7
Isoparaffins 20 100-184 2.7 -2.1
Monocyclic naphthenes
Low mol. wt. (C4, Cs, C« rings) 14 98-154 3.3 -2.6
High mol. wt. (Ce rings) 8 140-252 2.2 + 1.9
Alkylbenzenes 12 92-190 4.0 -3.9
Noncondensed dicyclic naphthenes
(Cs, Ce rings) 9 138-236 4.4 -1.9
Naphthalenes 14 128-240 3.3 + 1.1
Tetralins 6 132-188 1.2 + 1.1
Decalins 8 135-278 2.9 -2.3
Noncyclic mono-olefins 15 98-224 3.1 + 1.8
Cyclic mono-olefins 14 90-166 2.6 + 1.1
Total 134 2.4 0

weights is 2.4%. Table Il shows the agreement of Figure 3
with the experimental molecular weights of FitzSimons and
Thiele (7) for twenty-seven samples ranging in molecular weight
from 89 to 266. The average deviation for this group is 3.5%.
Molecular Weights from Podbielniak Distillation. In
connection with design of stabilization units and similar work, it
is frequently necessary for engineering purposes to have the mo-
lecular weight of a mixture which may be about 50% C( and

Tabtre Il Point-G ravity and
Experimental Molecular Weight Data of FitzSimons and
Thiele (7)

Comparison of Boiling

Sample No. Exptl. Mol. Wt. Caled. Mol. Wt. Deviation,
212 78 83 + 6.4
213 89 91 + 2.2
215 101 104 +3.0
216 106 110 + 3.8
218 115 119 + 3.5
221 131 133 + 1.5
223 143 145 + 1.3
225 153 157 + 2.6
228 173 179 + 3.4
231 96 105 + 9.4
232 127 130 + 3.4
235 165 173 + 4.8
238 179 187 n+4.5
242 188 196 + 4.2
246 203 219 +7.8
249 232 237 +2.2
250 257 262 + 1.9
300 266 257 -3.4
305 141 140 -0.7
306 118 120 + 1.7
307 187 185 -1.1
309 206 240 -9.7
310 241 250 -0.4
315 239 227 -5.0
330 222 223 + 0.5
350 205 213 + 3.9
355 193 197 + 2.1

Average deviation 3.5
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FOR AS.T.M. DISTILLATION
< THERMOMETERS WHEN USE
i 7 !
IN 100 ML. FLASKS ACCORD- -
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~

100 200 300 400
TEMPERATURE *F

.Figure 4. Stem Corrections for
A.S.T.M. Low- and High-Distilla-
lion Thermometers

lighter and about 50% G&and heavier. Materials of this class
are too volatile for determination of molecular weight by the
methods usually available. With samples of this type a lov
temperature Podbielniak distillation is always run to obtain the
composition of the lower boiling fractions. Usually 20-30 ml.
of residue from the Podbielniak distillation can be obtained if a
large distilling bulb is used. The molecular weight of the residue
can be determined from its boiling point and gravity. Gravity is
obtained with a small hydrometer or a Sun Oil Company preci-
sion pycnometer {17). The boiling point can be obtained with
the setup shown in Figure 5. This is similar to the conventional
A.S.T.M. distillation apparatus (D-86-40) except that a 50-ml.
flask and a, smaller condenser are used. The ice bath can ke
made from a 1-gallon can having a 4 X 6 inch cross section.
Table IV presents the agreement between standard 100-ml.
A.S.T.M. distillations and distillations carried out in the indi-
cated apparatus with 25-ml. and 15-ml. charges. These data
show that the 50% evaporated points of the small distillations
and the standard A.S.T.M. distillations agree fairly well. While
the use of the 50% recovered point instead of the recommended
50% evaporated point does not cause much error in the case of
the standard A.S.T.M. distillation, for the small distillations the
latter should always be employed. Using the 50% evaporated
point and correcting as usual for emergent stem, molecular
weights were found to agree fairly well with experimentally
determined molecular weights as indicated in Table V.

M olecular W eight of Transformer Oils. The b0|I|ng
point-density correlation can also be applied to transformer ails
and similar light oils since Engler distillations arc normally nu
on such oils. These oils are of particular interest since their
viscosities are high enough for viscosity-density correrations 10
be used also. Table VI gives data for sixteen light oils showing
an average deviation of 4.1% for the boiling point-motecutar
weight correlation. Five of these were reported by Fenske (O
and four by FitzSimons and Thiele (+); seven wWere determined
in our laboratories. The molecular weights reported from tirf?
laboratory were determined eryoscopically in benzene, in we
absence of a drying agent. Subsequently, on the basis of a
limited amount of data, it was found that molecular weigt»
determined in the absence of a drying agent averaged 5% lo"a
than those in the presence of a diying agent. consequentiy, e
data have been corrected for the effect of moisture in the oider
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Tabte IV. Comparison of 15- and 25-CC. Distittations with A.S.T.M. 100-CC. Distitration (D86‘40)
East Texas Composite of Heavy
Light Podbielniak Podbielniak Gasoline Mineral
Gasoline Residue Residues Gasoline Fraction Spirits
100-cc. 25-cc. 25-cc. 15-cc. 15-cc. 100-cc. 25-cc. 15-cc. 15-cc.  100-cc. 25-cc. 15-cc. 15-cc. 100-cc. 25-cc.  100-cc. 25-cc.
(A) (B) (A) (B) (A) (B)
94 92 122 122 121 130 128 130 130 - 90 92 94 94 252 258 302 295
120 114 148 141 140 164 152 139 154 117 110 109 108 285 282 319 318
133 129 160 156 157 176 166 164 163 132 131 125 127 294 291 324 324
155 153 176 176 174 191 182 181 181 160 160 156 164 304 303 331 330
170 171 189 189 " 189 206 197 197 200 188 188 191 197 314 312 336 336
184 186 203 201 202 220 214 213 216 211 214 221 221 322 321 343 341
196 197 214 216 215 236 233 234 . 232 240 240 247 246 327 330 348 349
207 210 229 231 229 253 251 254 248 263 267 277 280 336 339 354 356
218 221 248 250 248 276 274 277 277 288 302 307 310 346 350 361 364
229 238 275 280 280 300 299 303 292 316 332 344 358 364 371 375
Loss,-% 3 8 2 2 3 2 2 2 2 3 4 5 6 2 2
50% cvapd.
point®, O F. 192 188 212 213 211 233 229 230 229 231 230 234 230 326 328 347 347
Dev. from
ASTM., °F. -4 +1x  -lb -4 -3 -4 -1 +3 -1 +2 0

aAssuming distillation curve to be straight line between 40 and 50%.
&Deviation from 25-cc. distillation.

cryoscopic procedure by adding 5% to the experimentally deter-
mined values. While occasional deviations of 8-9% are found;
il general, they are 5% or less.

In summary, the boiling point-gravity correlation is believed
to be satisfactory for determining molecular weight for any
petroleum fraction of 70-300 molecular weight for which a good
50% boiling point can be obtained. Obviously, it should not be
applied to unusual blends, such as a solution of asphalt in spirits,
tocite an extreme example. The crowding of the lines of con-
stant molecular weight as molecular weight is increased, as well
asincreased difficulty in measuring the boiling point, make other
types of correlation more suitable for the fractions of higher
molecular weight.

Table V11 gives sufficient data for the construction of a graph
for the boiling point-gravity correlation.

VISCOSITY-DENSITY AND VISCOSITY SLOPE

Several correlations of the molecular weights of lubricating oil
fractions with viscosity slope (change of viscosity with tempera-
ture) and viscosity-density data have been proposed. This pre-
viows literature has been discussed by liirschler (12). He also
proposed (12) correlations of kinematic
viscosity at 100° and 210° F., density at
2° C., and molecular weight, whereby

any two of these four constants could be Tavte VI.

The greatest difficulty in attempting to correlate molecular
weight in the lubricating oil range is the obvious discrepancy in
data obtained in laboratories which should be expected to be
equally reliable. In this connection, it is well to consider the
cooperative molecular weight work carried out by Rail and
Smith (26). These data are summarized in Table V111, which
also includes later data on the same oils by Hanson and Bow-
man (9). It appears that molecular weights, even when ob-
tained by experienced operators, are subject to considerable
error. Thus it is conceivable that any one worker may obtain
molecular weight data which are far better in reproducibility than
in absolute accuracy. In view of these data, it is also clear that a

Tabte V. Accuracy op Boiling Point-G ravtty
Correlation for Podbielniak Residues
Sample No. 1 2 3 4 5 6
50% b.p., ° C. 100 100 140 100 139 149
Gr.,, ° AP.l. 59.8 56.8 48.8 59.0 49.6 45.1
Exptl. mol. wt. 98 101 114 99 116 119
Caicd. mol. wt. 101 100 120 101 119 123
Deviation, % +3 -1 +5 +2 +3 +3

Agreement between Viscosity-G ravity and Boiling Point-G ravitt

Correlations in Overlap Range
wedto calculate the other two. Molecular
'"eights could thus be calculated from Sp. Gr. Saybolt f0% Exptl. B.P.-Gravity Visiw-Gr. Vis;n-Gr.

H H H ™ o ¢0/ Viscosity B.P., Mol. Mol. Devia- Mol. Devia- Mol. Devia-
the kinematic viscosities _at 100 _and 60° F. 100° F. 210° F. °C. Wit. wt.® tion, % wt. tion, % wt tion, %
210° F. or from the density and either
Viscosity Data of Fenske, et al.b (5)

i - - - - 0.867 77.6 37.3 370 310 320 +3.2 315 + 1.6 322 +3.9
For the viscosity-density correlations 0.867 113.4 401 395 338 355 +5.0 363 8.1 360 *83
i 0.932 102.3 37.9 300 305 280 -8. -7. 283 -7.
presented n the present paper’ SaybOIt 0.933 188.5 41.8 370 328 295 -10.0 317 -3.4 315 -4.0
viscosities and specific gravity (60/60° F.) 0.888 87.0  37.5 365 -+ 304 310  +2.0 307 410 310 +2.0
"ere employed since inspection tests are Data of FitzSimons and Thiele (7)
dtill ordinarily given in those latter units. 0.8868 113.3 40.2 398 337 345 +2.4 335 -0.6 340 +0.9
: H f . 0.9191 55.7 34.1 340 257 264 +2.7 252 +1.9. 255 -0.8
The present viscosity-density correlations 0.8510 44.4 316 266 257 -3.4 258 -3.0
257
are not derived directly from those of 0.8516  44.2 3 266 242 7.3 34
Hirschler (12) by a simple change in units; Present Datac
the entire correlation was revised, 08817 57 g2 el ze s 2 i
smoothed somewhat, and extended further 0.8529 56 336 281 278 -1 288 +2.5
i H H H 0.9147 73 340 272 266 -2.2 272 0
into the low viscosity region. These 0.8883 84 349 298 284 -4.7 302 +1.3

. . . . 272 0.7
modifications have not resulted in any 99018 g8 Sar 2B SS Jeo 4
considerable differences from the earlier Average deviation from exptl. data 4.1 2.8 3.6
correlation but are sufficient to require an gjg:gg'gféeo\fi:t"ig;a?fog"g“pefgr“-vi‘m 18 o -
independent evaluation. Both the present Deviation of average from b.p.-gr. value +¢.4 4-0.7
correlations and the earlier ones (12) were « Molecular weights above 300 obtained by extrapolation.

o, . . A &Boiling points corrected from 10-mrn. boiling points. Lo .
)% d prlmarlly on the data of Mair and C A 5% correction was applied to experimental molecular weights lor reasons given in text.

w-workers (21, 22, 23).
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Figure 5. D istillation Equipment for Podbielnialt

Residues

correlation of molecular weight with physical properties will not
necessarily fit equally well the data from different labora-
tories. It is therefore necessary to decide which data are most
reliable as a basis for correlation. The data of Mair and co-
workers (21, 22, 28) were given greatest weight in deriving the
correlations presented in this paper.

The data of Mair were obtained by precise ebullioscopic tech-
nique. Our experience with the ebullioscopic method, however,
does not lead us to recommend it for general use since it is more
time consuming than the qyoscopic procedure and has as many,
if not more, possibilities for experimental error. However, in
the hands of a careful laboratory technician it yields good results.

CONSTANT MOLECULAR

WEIGHT  LINES
53200
8 100
$ 80

u.03 v.uf 0.31

SPECIFIC GRAVITY

Figure 6 Saybolt Viscosity at 210° F .,
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Tabte VI Data for Constructing Correlation of
Boiling Point, Density, and Molecular Weight
Mol Boiling Pointin ° C. When Density (20° C ) Is:
Wt. 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.02
70 28 35 42 50 58
80 47 55 03 72 80
90 64 74 82 92 101 iid
100 90 100 110 120 130
110 104 116 126 138 148
120 121 122 143 154 165 176
130 147 158 170 182 195 210 2i6
140 162 174 184 196 209 224 232
150 176 187 198 209 222 239 247
160 190 200 210 222 236 255 203
170 203 213 222 234 250 268 278
180 216 225 236 247 262 282 291
190 228 238 248 260 275 294 . 303
200 249 259 272 286 300 315
210 ot 262 271 283 300 320 330
220 272 281 294 310 332 241
230 282 291 303 320 340 350
240 202 301 314 330 352 302
250 301 310 323 340 361 372
260 310 319 332 349 370 380
270 320 328 340 356 378 388
280 328 337 349 366 386 397
290 337 345 357 373 394 404
300 343 351 364 380 401 411
Tabite VI Cooperative Data of Rall and Smith
Oil 1 Qil 2 Oil 3
Saybolt viscosity, 100° F. 1347 259 105.4
Sp. gr., 60/00° F. 0.879 0.863 0.882
Experimental mol. wt.
Cryoscopic (Benzene)
Rail & Smith {26) 763 491 333
Hanson & Bowman (5) 764 442 358
11 lab., mean 693 447 317
Ebullioscopic (9)
Benzene 671 450 326
Cyclohexane 652 445 312
Mean G61 447 319
Calcd. mol. wt. (visioo-gr.) 690 482 334

In regard to the cryoscopic technique, the previous recom-
mendations (14, 26) that the freezing point depression be deter-
mined in the presence of a drying agent are heartily endorsed.
At present the 5% difference which we have observed in molecular
weights, determined with and without a drying agent, appears
to be due to a small trace of moisture picked up at the time the
sample is introduced. This 5% difference, if due to this cause,
would not be duplicated exactly in other laboratories since details
of technique during introduction of sample and the humidity of
this atmosphere would be controlling influences.

0.99 1.03
60/60 °F.

0.95

Specific Gravity, and M olecular W eight
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Tabte IX. D ata for Construction of Chart Correlating
o
Molecular Weight with Specific Gravity at 60/60 P. ana
Saybolt Viscosity at °F.

Mol. Visjim When Gr«»/io la:

Grnveo at
M. 08-4 0.87 0.90 0.93 0.90 0.99 1.02 1.05 1.07 Visiio
240 31.5 31.9 32.1 32.7 33.5 350 30.8 39 41.5
260 32.7 33.3 34.2 35.2 36.3 385 41.7 40.2 50.0
280 33.5 34.8 35.8 37.1 39.4 43.0 48.5 57 05.5
300 3-48 30.0 37.3 39.0 43.0 48.8 58.4 78.8 101
320 36.0 37.2 39.1 423 47.3 558 70.0 117 102
340 37.0 38.7 41.0 45.1 52.4 07.0 100 170 110702
360 38.2 40.2 43.2 48.4 58.2 80.5 137 254 1.0488
380 30.4 419 458 52.5 00.2 98.5 177 1.0358
too m40.8 43.8 48.7 57.5 70.2 124 222 1.0248
420 42.0 40.0 52.0 03.0 87.2 145 270 1.0102
440 439 48.2 55.7 70.0 101 174 1.0070
460 45.8 51.0 59.5 72.0 115 201 0.9998
480 47.5 53.0 03.5 85.5 134 239 0.9920
500 49.4 50.0 08.5 94 153 0.9852
520 51.0 59.0 73.5 100 180 0.9707
540 53.9 03.0 79.5 117 204 0.9700
560 50.5 0G.5 80.0 132 236 0.9028
380 59.0 71.0 93.0 148 208 0.9508
600 01.8 75.5 102 164 0.9508
620 05.0 81.0 112 186 0.9440
640 08.5 87.0 123 210 0.9388
600 72.2 93.0 135 232 0.9337
680 75.5 101 150 255 0.9282

The difficulties in cryoscopic procedure due to mixed crystal
formation and solute association have been mentioned in the
literature (10, 20). Although we do not claim to have conclusive
evidence on this point, a considerable amount of experience with
both the boiling point and freezing point technique as applied to
naphthenic acids and to lubricating oil fractions lead us to believe
that the difficulties due to mixed crystal formation and solute
association must be considered; however, details such as pres-
ence of moisture, experimental technique, etc., deserve as much
consideration. In short, we arc inclined to believe that errors
due to details of experimental technique are a major source of
difficulty and may explain most of the systematic errors which lead
toreproducibility, in general, being better than absolute accuracy.

Correlations of molecular weight with vissio-gr»/ e and visioo-
gwhare presented here. Data for the construction of both of
these charts are given in Tables 1X and X, and Figure 6 illus-
trates the correlation.  Since the correlation of molecular weight
with visib-visa0 was presented by Hirschler (12), it is not re-
peated here.

It seems worth while to have available more than one correla-
tion, so that in case of doubt or in the case of an unusual sample,
the molecular weight obtained on one graph can be cross-checked
with that obtained on the other graphs.

Hirschler (12) showed that the visiMuvis;10 correlation will, in
general, fit the various types of pure com-
pounds, particularly the extreme naph-
thene and aromatic types, with better
accuracy than a viscosity-gravity correla-
tion. His ’data indicate, however, that
with normal petroleum fractions the dis-

Tabte X.

Mol. Wt. 0.84
tribution of hydrocarbon types is such 240
that the viscosity-gravity correlation will oo 498
give a reasonably reliable molecular 300 56.5
"eight. In the case of the fractions of 39 3t
Myer molecular weight derived from Gulf 300 8.2
Coast or California crudes, which are 400 106.4
highly naphthenic, the molecular weight 420 120
calculated from our viscosity-gravity cor- pres }22
relations are too high. Special viscosity- aso e

gravity correlations for Gulf Coast oils 520 218
have been prepared which give good re- >40

. . 272

sults for this typo of oil. They are de- ?,28 304
scribed in the next section. g?g g?g
The visiMvis20 correlation is therefore 640 402

. . . 660 440
considered most reliable and is recom- 680 479

mended when two viscosities are available.
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However, this correlation has a lower viscosity limit of 2.6 centi-
stokes (35 seconds Saybolt) at210 °F. which does not permit its
use on certain fractions of low molecular weight; in addition, for
many low viscosity cuts, only the 100° F. viscosity is customarily
determined. The vis"o-gravity correlation may be applied to
such fractions down to a molecular weight of 240.

The boiling point-gravity correlation can also be used for oils
up to 300 molecular weight; therefore, in this intermediate range
it is possible to cross check boiling- point-gravity molecular
weights against viscosity-gravity values (Table VI). The aver-
age deviation between the molecular weights calculated by these
two correlations is 3.7% for this group of oils.

The viscosity-gravity correlations may be presented in the

D ata for Construction of Chart Correlating Molecular Weight
o o
with Specific Gravity at 60/60 F. ana Saybolt Viscosity at 100 F.

Visioo When G w « Is: Grw/fi# at

0.87 0.90 0.93 0.90 0.99 1.02 1.05 1.08 Vis»,»*
49.0 56 72 10-4 184 392

49 1o 56.'5 69.5 94 145 273 582 1440
58.3 72.0 97.0 150 287- 670 1870 6800 10880
68.6 90.0 136 242 545 1570 6600 1.0568
82.8 114 190 378 970 3600 1.0375
98.0 143 250 570 1700 7500 1.0250
116 181 344 810 2750 1.0135
135 225 450 1170 4350 1.0044
162 279 005 1050 6900 0.9964
189 340 755 2220 10,000 0.9900
220 408 900 2900 0.9837-
252 497 1190 3950 0.9780
293 597 1500 5250 0.9725
335 095 1830 5700 0.9675
3S5 810 2220 8000 0.9627
435 950 2670 0.9584
495 1090 3220 0.9542
555 1270 3840 0.9500
027 1460 4600 0.9460
706 1700 5500 0.9420
780 19G0 + 0800
870 2300 8100
977 2070 9500
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Tabre XI. Accuracy of Vissio-G ravity Correlation for
240-370 Mol. Wt. 370-450 Mol. Wt.

No. of Devia- Dev. of No. of Devia- Dev. of

oils tion, % av., % oils tion, % av., %

Group A,, V.G.C. Less Than 0.825

Mair (21, 22, 28) 1 1.6 +1.6 13 2.9 +2.2
Fenske (4) 4 1.4 +1.4 16 4.0 +3.8
Varteressian (28) 1 2.9 +2.9 3 2.2 -1.7
Keith (14) 0 . 6 2.2 -1.7
Sun Qil Co. 1 i:6 +ilo
Group B, V.G.C. 0.825-0.850
Mair (21, 22, 23) 0 4 2.4 +2.4
Fenske (4) 6 4.2 -3.2 20 3.9 +3.2
Varteressian (28) 2 5.2 +5-2 P
Keith (1A) 3 3.0 +3.0 2 1.3 + L3
Sun Qil Co. 2 3.5 -1.5
Group C, V.G.C. 0.850-0.920
M air (2(1,)22, 28) 5 1.2 —0.7 13 1.4 0.7
Fenske (4 42 4.6 +4.4 1 . +
Varteressian (28) 4 5.1 +5.1 i gg +g§
Keith (f¢) 13 6.5 +6.5 3 10.2 +10.2
Sun Oil Co. 13 3.3 +2.2 3 5.0 +5.0
Group D, V.G.C. Higher Than 0.920
Mair (22, 28) 28 1.6 +0.3 6 3.0 -2.6
Keith (14) 2 3.1 +2.2
Tabte XII. Agreement between Vis2io G ravity and V isioo-
Gravity Correlations and Experimental M olecular
Weight D ata
ViSafl-Gravity Visiw-Gravity
Dev. of Av. devia- Dev. of No. of Oils
Investigator tion, % av.,, % tion, % av., % Averaged
Mair (21, 22,83) 1.8 +0.2 %.7 + 0.4 87
Fenske (4) 5.1 4*5.& 1 + ib .11%
Varteressian (28) 3.7 +2. 3.4 +2. |
Keith (1A) 5.1 +4.3 5.9 +4.8 %
Sun Oil Co. 3.7 + 2.4

" 100° F. viscosity not available.

form of plots of viscosity-gravity constant vs. gravity (11). An
advantage of this type of representation is that the lines of con-
stant molecular weight become almost straight and nearly
parallel. These straight lines correspond approximately to the
lines of constant boiling point presented by Ward, Kurtz, and
Fulweiler (30) and to the linear relation between viscosity-
gravity constant (V.G.C:) and density for solvent extraction data
given by Kurtz (16). The disadvantage of this plot is that it is
sensitive to small errors in V.G.C. and requires V.G.C. to four
significant figures to obtain an accuracy comparable to the vis-
cosity-gravity plots; the nomographs for V.G.C. now available
are accurate to about three significant figures (13).

EVALUATION OF VISCOSITY-GRAVITY CORRELATIONS

Since the two viscosity-gravity correlations give calculated
molecular weights agreeing within 1% average deviation, the
statistical evaluation of the correlations is presented only for the
visdo~gravity plot.

While developing the accuracy of this graph, it was observed
that the errors for some published data varied, depending on the
molecular weight of the sample and the type of sample—i.e.,
paraffinic or naphthenic. For this reason the data were grouped
as to type, based on V.G.C. and molecular weight, as Table XI
shows. The four classifications, groups A to D, are arbitrary but
serve as a convenient means of presenting the accuracy of the
correlation. Roughly, groups A, B, and C correspond to the
conventional type classifications of paraffinic, mid-continent, and
Gulf Coast, respectively.

The deviations of the correlation for each laboratory and for
each type and molecular weight range are given in Table XI.
Table X1 summarizes the agreement of the visjio correlation
with the visu» plot. In all cases the agreement between the two,
as measured by the difference in the average deviations for the
data of each investigator, is within 1%, although for some indi-
vidual samples larger deviations are observed.

Since, as stated previously, the

Lubricant Fractions correlation was based' primarily
> 450 Mol. Wt. on the data of Mair, the agree-

No. of Devia- Dev. of i i
A P ment shown in Table X1 is best

for these data. In general,
agreement is good for group A

2 PR samples; only five of sixty-three
; .8 %8 samples in Table XI have
0 average deviations of 4% or

more. The correlation works
1 ?)i 0.6 well for group B oils except for
H 12 S five samples with high molecular
6 3.9 + 1.7 weight of Fenske. In the case

of group C oils, the correlation

agrees well with the data of Mair
2 1[1]8 +-110-?(') throughout the molecular weight
2 46 +4.6 range; the agreement is fairly
2 6.1 +olj good for all investigators in the

240-370 molecular weight range.
5 0.9 - However, consistently positive

deviations of 5% or more are
observed for the other investiga-
tors above 370 molecular weight.
It is possible that to some extent
this may be due to systematic errors in the cryoscopic molecular
weights for the type of oils present in this group. However, it
seems best at present to assign at "least the major part of the
deviation to a failure of the viscosity-gravity correlations to fit
highly naphthenic oils. Hirschler (12) showed from pure com
pound data that a viscosity-gravity correlation tends to give
high values for molecular weights of polycyclic naphthenes.
Mair’s group C oils are extracts from a mid-continent oil; the
data of Fenske and of this laboratory were obtained on Gulf
Coast and California fractions. Deviations for the latter may
be attributed to a larger proportion of polycyclic naphthenes.
To correct for the more naphthenic character of Gulf Coast
oils, special viscosity-gravity correlations applicable only to such
oils can be constructed. Charts prepared with the limited data
available give quite satisfactory agreement. The correlations
described in this paper can be used to obtain good results for
even Gulf Coast oils if, for fractions between 320 and 470 molecu-
lar weight (calcd.), the calculated molecular weight is corrected
downward by multiplication with a factor, F, determined by the
equation,

F = [1000 - 0.7 (mol. wt. - 260)] X 10“#

MOL.WT.

Figure 8. Refractive Index-Melting Point Increment ts.
Molecular Weight for Waxes
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Frthe fourteen Gulf Coast distillates of Fenske (4) in this group,
(eaverage deviation of the molecular weights is 1.9%, using
de visAcrgravity correlation corrected as described; for nine
Tees Coastal fractions of Keith and Roess (14), it is 1.3%. The
s correction factor, applied to the thirteen California cuts of
Fede (4) above 300 molecular weight 'gives values with an
aerae deviation of 3.3%. Applied to the visiwgravity cor-
relation, this correction factor gives results for Gulf Coast oils
somewhat better and for the California oils, somewhat worse,
tenthe above.

Data on Gulf Coast oils of high molecular weight are scanty;
toe is some indication that the correction factor is valid only
Wpto about 430 (actual) molecular weight.

Inconstructing the two viscosity-gravity correlations, the data
inTables X and X may be plotted on semilogarithmic paper.
If paper of adequate size is not available, the data may be
plated on standard A.S.T.M. viscosity-temperature charts
(D341-43), using the nonlinear temperature scale for the gravity
coordinate. This method of plotting has several advantages
owrsemilog paper; in particular, the constant molecular weight,
lirshave much less curvature, and the spacing between adjacent
lirssis more uniform, with the result that their crowding in the
region of low gravity is considerably reduced.

1

CORRELATION FOR WAXES

In considering the physical property relations of the waxes
reported by Ferris and co-workers (6), it was noticed that, if
melting point is plotted against refractive index at 80° C., lines
enbe drawn connecting points of equal molecular weight (Figure
7. Since only two molecular weight ranges are represented with
sufficient samples to establish a means of extrapolation on this
chart, an attempt was made to correlate these properties by
meking use of the slope AR.1./M.P.(° C.) of the two lines avail-
ale The slopes were plotted against molecular weight and
extrapolated as a straight line above and below the available
data (Figure 8). (The assumption that such an extrapolation
woud be useful has been justified by the results obtained.)
Then a plot was drawn of molecular weight against refractive
index at 80° C. for the n-paraffins with data taken from Egloff

REF. INDEX AT 80*C.

sFigure 9. Refractive Index, M elting Point, and
M olecular W eight for W axes
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Tabte XIII. Accuracy of Molecular Weight-Refractive
Index-M elting Point Correlation for Petroleum Waxes
. No. of Mol. Wt. Av. Devia- Dev. of
Investigators Samples Range tion, % Av., %
Ferris (6) 26 261-420 2.0 + 1.0
Buchlcr (1)
Paraffin wax 14 255-456 1.8 -1.2
Petrolatum wax 7 474-572 4.5 -4.5
Rod wax 7 493-569 4.7 -4.7
Slop wax 12 360-563 4.8 -4.8
IColvoort (15) 15° 279-490 3.9 -3.9
Francis (S) 7a - 321-443 1.6 +0.3
n-Parafiins (3) 16* 240-534 0.8 +0.3
Average 88 3.1 -1.9

“ Refractive index calculated from molecular weight and density (IS).
b Not included in average.

Table XlV Accuracy of Correlation for Samples of
Ceresins (24)
Refractive Mol. WL. Deviation.
M.P.°, 0C. Index, 80° C. Exptl. Graphic %
74.5 1.4400 586 555 -5.3
69.5 1.4398 546 523 -4.4
66.0 1.4405 517 512 -1.0
55.0 1.4394 483 462 -4.3
50.0 1.4413 467 461 -1.3

Mid-point of crystallization range.

Table XV.
Melting Point-M olecular AVeight Correlation for Waxes

Other Points Needed

Data for Construction of Refractive Index-

Intersection of n-Paraffin

Melti A

Pgin”;,g and Constant M.P. lines to Construct Graph
ocC. Mol. wt. R.l. (80° C.) Mol. wt. R.I. (80° C.)

20 248 1.4144 - 278 1.4188

298 1.4220

384 1.4380

30 268 1.4164 300 1.4216

328 1.4260

447 1.4460

40 297 1.4202 495 1.4500

45 312 1.4220 510 1.4500

50 336 1.4248 557 1.4540

55 358 1.4266 579 1.4540

60 381 1.4286 570 1.4500

65 412 1.4308 580 1.4480
70 448 1.4328 590 1.4460 *

75 494 1.4350 590 1.4428

80 559 1.4378 590 1.4400

(3), corrected to 800 C. when necessary, as a base line and the
values of AR.I./M.P.(° C.) from Figure 8. A series of melting
point lines (Figure 9) were thus constructed; the 20° and 30° C.
lines were slightly curved at the lower end to give better agree-
ment with experimental data. The accuracy of this correlation
has been checked against available literature data (Table XI11).

For the samples of Ferris et al. (6), the paraffin waxes of Buch-
ler and Graves (1), and the normal paraffins, good agreement
was obtained. Less accurate results are observed for the petrola-
tum, rod, and slop waxes of Buchler and Graves (1). No re-
fractive indices were given by liolvoort et al. (15) or Francis el
al. (S). They were, however, calculated by Lipkin and Martin
(29) from density and molecular w-eight, employing the tempera-
ture coefficients of density and refractive index given by Lipkin
and Kurtz (18). For the samples of Francis et al., the molecular
weights as redetermined by Piper arid co-w'orkers (25) were used.
The average deviation for eighty-eight petroleum wax samples

isS.1%1

>Recently Moulton and Loop [Petroleum Refiner, 24, No. 4, 161 ~1945)]
published physical property and molecular weight data on forty-three cuts
from the wax fraction of a western crude. The molecular weights calculated
from Figure 9 are consistently lower than the experimental values, the average
being 8.1% low. This deviation is larger than for any other group of data
in Table X IIl. It is believed that this is due to an error in the molecular
weight or refractive index data, since the refractive indices are appreciably
lower than those of the corresponding normal paraffins of equal molecular
weight. All of the above fractions fall appreciably to the left of the n-
paraffins line in Figure 9. Further, for a sampling of seven fractions, refrac-
tive indices were calculated from density and molecular weight (19). The
calculated indices were from 0.0027 to 0.0032 larger than the experimental
values, which considerably exceeds the probable error of the calculations.
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The correlation appears to be applicable to ceresins from ozo-
kerite (Table XIV). The average deviation for the five samples
of Muller and Pilat (2J)) is 3.3%. Data for the construction of
Figure 9 is given in Table XV.
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CHEMISTRY OF WESTERN PINES

Distribution and Nature of Acetone Soluble Extractives
in Ponderosa Pine

ARTHUR B. ANDERSON
Western Pine Association Research Laboratory, Portland, Oreg.

fcj.xlractivecs arc not an integral part of wood structure.
Prelim inary investigations have shown thatitis possible to
remove all or a portion of the extractives and to dry green
lum ber simultaneously by means of solvent extraction.
If these extractives could be removed and recovered eco-
nomically, the value of the lumber so treated would be
enhanced and a new source of extractive products would
become available. This article deals w ith the distribution

and nature of the acetone-soluble m aterials in ponderosa

pine.

HE proximate analysis of three commercially im-

portant western pines,, which include ponderosa (Pinus
ponderosa), Idaho white (Pinus monticola), and sugar (Pinus
lambertiana) pines revealed that these coniferous trees are rela-
tively rich in extractives (2). The extractives form no integral
part of wood structure. Their presence degrades the wood for
high-grade lumber; their removal enhances the appearance and
the finishing properties of lumber. If the extractives could be
removed and recovered economically, the lumber would be up-
graded, and a new source of commercial products, such as resins,
fatty acids, and terpenes, would become available. By choosing
the proper solvent, it is possible to recover the extractives and to
dry green wood simultaneously.

The composition of the oleoresin from ponderosa pine obtained
by wounding the tree was investigated by Schorger (10) and re-
ported to consist of 79.5% rosin and 18.5% volatile oil. The
rosin was made up of 90% abietic acid, while the volatile portion
contained a- and (3-pinene and limonene. The turpentine ol>

tained from this conifer was investigated by Adams (1), niid it»
composition was comparable to that reported for the volatile al
by Schorger. The tannin content of both the bark and wood wes
also investigated (4). Dore (5) reported wood resins, volatile
oils, and tannins in ponderosa pine sapwood extractives niad-
with benzene, followed with alcohol. However, neither the dis-
tribution nor nature of the extractives in ponderosa pine has been
thoroughly studied. The term “extractives” as used here refer«
to the acetone-soluble material present in the wood and is dis-
tinct from the oleoresin.  Acetone was chosen as the solvent fur
this study, since it was found to be one of several good- extrac-
tants for green wood.

Three mature trees from each of three widely distributed
stands of ponderosa pine were used. Stand I, elevation 4950
feet, located in Grant County, near Seneca, Oreg., consists es-
sentially of relatively slow-growing trees taken from an arefi
mwhich is selectively logged. Stand 1l, elevation 4600 feet,
located in Wallowa County, near Wallowa, Oreg.; these tres,
likewise represent relatively slow growth, and were in a misi4
stand including white fir, Douglas fir, and larch. Stand HI.
elevation 3200 feet, is located in Eldorado County, near Stceley,
Calif. Thisisa good site, open pure stand, showing rapid growth
particularly during the first sixty years, all dominant.

TREATMENT OF SPECIMENS”

As the trees were felled (January to March, 1944), 6-inch ero»:
sectional disks were cut from three logs from each tree. 1 e
butt section was removed from the butt log nearest the stump,
from 12 to 18 inches above ground level. The middle disk
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Figure 1. iMethod of Sam pling Disks of Ponderosa Pine
1,1' = inner heartwood: 2, 2' = intermediate hoarlwood: 3, 3'

1.4' a inner Bapwood; 5, 5; = outer «npwood

aut 32 feet from the butt cut; the third or top section was taken
aapoint approximately 64 to 65 feet from the stump.

Immediately after removal from the tree, these disks were
shipped to the laboratory. Each disk, through its greatest diam-
eer, was separated whenever possible into inner, intermediate,
and outer rings in the heartwood as well as in the sapwood areas.
Foure 1 illustrates this method of sampling. When it was diffi-
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®= outer heartwood-.
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EXTRACTIONS AND SOLVENT RETENTION

The extractive content was determined,
in duplicate, by extracting 4 to 6 grams of
green sawdust in Soxhlet extractors, using
alundum thimbles with <.». acetone for 8 hours.
The extracted sawdust was dried in an oven
for 16 hours at 105° C. and weighed. In this
manner the weight of the sample, less mois-
ture and extractives, was obtained. The mois-
ture content of the green sawdust was de-
termined by the toluene method (IS) rather
than by the drying oven procedure. The
former method was chosen since some of
the samples contain enough volatile oil to
cause the oven dry value for moisture to be
too high.

Further, a study was undertaken to de-
termine if any acetone was retained by the
extracted ponderosa pine sawdust after it was
heated for 16 hours at 105° C. If solvent
is retained, it lowers the actual extractive con-
tent of the wood, if that value is determined
by weighing the extracted sawdust (the pro-
cedure used in this investigation). As Wiertelak
and Garbaczowna (12) pointed out, benzeno-
alcohol is held tenaciously by wood even by
prolonged healing at 105° C.

In the case of ponderosa pine sawdust, the per-
centage of extractives was determined on compos-
ite samples of heartwood and ofsapwood by weigh-
ing the extractives and by the loss in weight of the
extracted sawdust after each was dried in an oven
for 16 hours at 105° C. In addition, the amount
of acetone retained in the oven-dried extracted sawdust was deter-
mined by slowly distilling 5 to 10 grams of oven-dried extracted
sawdust in the presence of water until the distillate (about 125 ml.)
gave a negative test for acetone, as indicated by the well-known
salicylaldehyde color test. The total quantity of acctone in the
distillate was determined by hydroxylamine hydrochloride ac-
cording to the method of Krajcinovic (8). Oven-dried sawdust,

cgi P without th Iven Ve a negative test for acetone. A sum-
aultto distinguish sapwood from heartwood, the benzidine color re- thout the solvent, gave a negative test for acetone su
action for identifying each was
wd (7). The authenticity of
thetree in all cases was verified
b/microscopicidentification. Table | Distribution OF Acetone Extractives in Ponde_rosa Pine
If present in the disk, knots Approx. Diam. Sreatest Heartwony Frractiveso, o o wood
- . : A reates
and massed pitch areas were Position TRO_taI 'B”;r'ge Radius, In. Inter- Inter-
removed and discarded before and Ne® fee  Count In.  Heart  Sap  Inner Outer Inner mediate Outer
the sample was ground. The | ! Top 244 LD 65 38 7.0 5 ) g1, 81 3.9
segregated wood wag chipped Miele 386 235 10 35 6.8 8.9 &8 33 350
9. 7.6 . . : : ’ :
and reduced to sawdust to | 2 ToP e 289 Ak 7 2.0 5.6 B8 55 30 2.4
pess a 2-mm. screen in a Butt 35 232 104 33 246 209 95 2% 2.3
Wiley mill.  The ground sam- 3 Jop o 2 27879 7s 30 sz 58 68 44 33
ples were kept in sealed glass Butt 8 . 22 i? o A A 3.2 3.4
jas in which most of the air RN N SRS VU
hed been displaced with car- Butt 28 4 59 37 53 g 27
.o - [ 5 )| ' ) 4.0 3.2 : . )
146 14.4 3.7 .
dioxide. This measure Middle 146 24 2 7.4 19.9 155 56 58 3
was taken to reduce the tend- " 6 Top 125 10.4 2.0 49 ;g 39 45 33 4.2
ency for the extractives to oxi- Midgle 231 28l 29T 77 75 s 174 w37 40 34
. ' 5.3
dz and to discourage the 21.7 7.2 4.2 4.5 15, 58
i > ! ! Wiadle %% 26.3 8.7 5.7 7.6 368 2.le 5.9
6.2 . : : : : ’
gronth of certain staining st 158 997 9.5 gé 5.1 32 3 3
«ganisms  during  storage. m 8 Top 59 16.3 2.0 R 7.9 o3 47 36 26
Middl 69 203 4.0 4.5 3.7
Kuth (9) showed that the Bute B2 249 38 95 199 883 33 20
. 54 . . ' : . 2.5
chemical constants of the ether- m o ree. T 189 25 80 09 wo o3 e i
fpble extractive from green Butt 83 . .

slash pine sawdust differs con-
siderably from that of the ex-
raetives from seasoned wood.

® Based on moisture- and solvent-free samples.
b Massed pitch area, 41.5% extractives.
e Massed pitch area, 36.8% extractives.
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mary of the average solvent retention and percentage extractives
of twenty-four separate determinations follows:

% Acetone

, Extractives-------------——- . Retained in

Extracted Extd.

Extractives sawdust Difference SawdustO
Heartwood 10.10 9.64 0.46 0.50
Sapwood 4.15 3.58 0.57 0.59

% oven-dry weight of wood (105° C. for 16 hours).

It is shown that acetone is not removed from extracted saw-
dust even after prolonged heating.
acetone retained in the solvent-treated sawdust after 16 hours at
105° C. represents approximately the discrepancy in percentage
extractives as determined by the loss in weight of the extracted
sawdust and by weighing the extractives. The acetone which is
held tenaciously” in the wood even after prolonged heating is

ENGINEERING

Further, the percentage of

easily removed when heated in the presence of water.
apparently retains slightly more acetone than heartwood.

Sapwood
The

percentages of extractives reported in this investigation have

been corrected for solvent retention.

Equal quantities of heartwood saw-
dust from the butt section of each of
the trees in stand | were mixed and
extracted for 8 hours in large all-
glass Soxhlet extractors with c.p. ace-
tone. Sufficient sawdust was treated
to give from 7 to 10 grams of ex-
tractives. The sapwood sawdust from
the butt cut was similarly treated. This
procedure was repeated for the middle
and top sections and likewise for trees
in stands Il and IIl. Table Il gives
data on the analysis of the various
extractives.

In order to determine the nature of
the extractives through the cross-sec-
tional growth of the tree, the inner
butt heartwood from two trees of
stand | was mixed and extracted as
previously described. This was re-
peated with the outer heartwood and
inner and outer sapwood of the butt
sections. The same procedure was used
for the middle and top sections. Two-
trees from stand 111 were similarly
treated. Table 11 givesthe results.

ANALYSIS OF EXTRACTIVES

The following scheme of analysis
was found convenient for separating
the various acetone-soluble extractives
into their major chemical entities—
water- and ether-insoluble, water-solu-
ble, resin acids, free fatty acids, volatile,
esters, apd unsaponifiable. Hibbert and
Phillips (6) used similar procedure in
their investigation of the benzene- and
alcohol-soluble extractives from Jack
pine. The modified method used here
is described briefly as follows:

The acetone, from an aliquot contain-
ing between 7 to 10 grams of extractives,
was distilled from a water bath.

A. The extractives and water which
remained in the flask were transferred
to a separatory funnel with ethyl ether.
The water layer was filtered through
No. 615 E & D filter paper into a tared
evaporating dish. The ether solution
was extracted twice with 50 ce. of water
and filtered as before. The evaporat-

Table Il.

Top sapwood

Top
heartwood
Middle
sapwood
Middle
heartwood
Butt sapwood

Butt
heartwood

Average
sapwood’

Average
heartwood"'

Average totalc

Top sapwood

Top
heartwood
Middle
sapwood
Middle
heartwood
Butt sapwood

Butt
heartwood

Average
sapwood’

Average
heartwood'

Average total™

Top sapwood

Top
heartwood
Middle
sapwood
Middle
heartwood
Butt
sapwood
Butt
heartwood

Average
sapwood’

Average
heartwood'

Average total

Middle massed
pitch

a Upper figure
6 Lower figure

CHEMISTRY Vol. 38, No. 4
ing dish containing the water solubles was transferred to an oven
at 105° C. and allowed to come to constant weight.

B. The water- and ether-insoluble material which remained ;n
the filter paper and in the flask was dissolved in acetone and trans-
ferred to a tared flask, and the acetone was removed on a water
bath. The flask wasput in an 105 °C. oven until constant inweight.

C. The ether-soluble extractive was dried over anhydrous
magnesium sulfate, filtered, and washed with anhydrous ether:
the ether was removed on a water bath at 60° C. with slight vac-
uum until constant in weight:

A + B -)- C = total acetone-sol. extractives

The ether soluble was again dissolved in ethyl ether and ex
tracted with 3% sodium hydroxide solution to remove the free
acid fraction. From this the fatty acids were separated ad
quantitatively determined by preferential esterification with ethyl
alcohol and sulfuric acid (14). The remainder of the free aad
fraction was considered as resin acids.

The ether was removed from the neutral portion on a water
bath, and the rosidue distilled in the presence of water to remowe
and determine the volatile fraction (8).

The nonvolatile residual neutral sraction was extracted with
ether; the ether was removed on a water bath and then saponi-
fied with alcoholic potassium hydroxide (6 volumes of alcohol o

Approximate Percentage Composition of Acetone Extractive from

Ponderosa Pine

NaOH Soluble

HaO -+~ Unsa-
Ether HsO Resin Fatty ponifi-
% Ext. . Insol. Sol. acids acids Volatile Esters able
Stand |
3.5 2.4¢ 13.7 27.7 35.7 1.4 12.1 68
0.08* 0.48 0.97 1.25 0.05 0.42 ﬁ4
7.3 4.6 2.2 36.2 31.5 2.6 11.8 1L
0.33 0.16 2.64 2.30 0.19 0.86 0.81
3.5 2.8 16.6 20.6 31.9 1.4 17.4 9.0
0.10 0.58 0.72 1.12 0.05 0.61 0.31
5.8 5.9 4.9 35.2 27.3 3.0 12.2 11
0.34 0.28 2.03 1.58 0.17 0.71
4.5 1.7 9.3 22.7 38.1 1.9 16.3 10
0.08 0.42 1.02 1.72 0.09 0.73 0.45
13.-4 3.5 2.8 45.9 18.2 5.1 11.0 13.5
0.47 0.37 6.16 2.45 0.68 1.48 1.81
3.8 2.2 12.9 23.6 35.5 1.6 15.4 8.7
0.08 0.49 0.90 1.35 0.06 0.58 0.33
8.8 4.3 3.1 40.9 23.9 3.9 11.5 12.4
0.38 0.27 3.60 2.10 0.34 1.05 1.09
6.3 3.7 " 6.1 35.7 27.4 3.2 12.6 11.3
0.23 0.38 2.25 1.73 0.20 0.79 0.71
Stand 11
3.0 2.4 9.9 24.2 41.9 2.1 10.4 9.1
0.07 0.30 0.73 1.26 0.06 0.31 0.27
6.5 2.4 3.5 40.4 26.3 2.1 9.2 15.9
0.16 0.23 2.62 1.71 0.14 0.60 111-53
3.0 1.8 9.6 24.5 41.5 1.7 9.7 .
0.05 0.29 0.73 1.25 0.05 0.29 1&%1
4.1 2.9 5.1 37.0 28.8 1.8 11.8
0.12 0.21 1.52 1.18 0.07 -0.48 0.52
4.0 2.6 12.9 23.2 42.1 1.6 10.5 6%5
0.10 0.52 0.93 1.68 0.06 0.42 g
18.4 0.7 1.5 46.4 * .21.3 6.7 8.2 15.1
0.13 0.28 8.54 3.92 1.23 1.51 278
3.3 2.3 11.0 23.9 41.8 1.8 9.7
0.08 0.36 0.79 1.38 0.06 0.32 0.29
9.7 1.4 2.5 43.7 23.5 5.0 8.9 14.9
0.14 0.24 4.23 2.28 0.49 0.86 144
6.5 1.6 4.7 38.7 28.2 4.2 9.1 13.4
0.10 0.31 2.52 1.84 0.27 0.59 0.87
Stand |11
3.5 5.9 15.1 18.4 41.4 1.2 10.4 7.5
0.21 0.53 0.64 1.45 0.04 0.36 16%5
5.4 5.0 1.9 36.4 33.3 1.4 11.2 >
0.27 0.10 1.97 1.80 0.08 0.60 %i)
3.1 1.7 13.6 23.0 41%+8 2.7 9.0 a
0.05 0.42 0.71 1.30 0.08 0.28 1&6
6.2 2.7 3.7 40.0 31.3 2.2 10.0 o6
0.17 0.23 2.48 1.94 0.14 0.62 >
5.1 1.5 7.6 28.4 42.4 1.2 11.1 0'369
0.08 0.39 1.45 2.16 0.06 0.57 i)
19.2 0.9 2.6 52.0 19.5 6.6 7.1 .
0.17 0.50 9.98 3.74 1.27 1.36 215
3.9 2.9 11.5 24.0 41.9 1.6 10.3 [0
0.11 0.45 0.94 1.63 0.06 0.40 10
10.3 2.0 2.7 46.9 24.3 4.8 8.4 :
0.21 0.28 4.83 2.50 0.49 0.87 1
7.1 2.2 5.1 40.6 29.2 3.9 --mn 9.0
0.16 0.36 2.88 2.07 0.28 0.64 1&@‘
39.1 0.9 0.5 62.2 4.2 17.0 4.5 M
0.35 0.19 24.61 1.64 6.64 1.76
in each case is based on weight of extractives.

in each

case is based on weight of moisture--and solvent-free wood.

Calculated, based on yield of extractives from each section.
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Tabte I, Approximate Percentage Composition of Acetone E xtractive from
Cross-Sectional Growth of Tree
Butt ' Mid die
Heartwood Sapwood Heartwood Sapwood

Inner Outer Inner Outer Inner Outer Inner Outer

Stand |
HO + ether insol. 3.0 1.7 1.8 4.7 6.7 2.6 3.4 5.7
HOsol. # 2.5 1.5 11.6 16.0 7.8 4.1 17.6 18.0
Resin acids 57.5 454 23.2 18.4 35.2 36.7 21.2 20.4
Fatty acids 9.3 10.6 39.6 36.8 22.7 25.3 33.1 32.4
Volatile GO 4.6 1.0 1.9 2.3 1.9 1.6
Esters 9.7 12.6 12.1 14.3 11.9 15.5 144 11.4
Unsaponifiable 11.3 17.5 10.4 7.5 13.4 13.8 10.0 10.1
Extract” 19.9 13.0 5.3 3.6 5.5 6.1 4.2 2.8

Stand 111
HO + ether insol. 0.9 1.4 2.0 2.1 2.9 4.0 3.1 3.6
H,0 sol. 2.3 1.6 5.8 11.8 4.7 5.5 7.2 15.2
Resin acids 58.2 58.2 33.6 25.9 42.0 31.6 21.3 21.3
Fatty acids 10.7 10.8 38.9 425 244 31.9 46.3 429
Volatile 9.3 8.0 2.8 1.0 4.1 5.0 2.1
Ester 0.4 6.9 7.7 8.7 11.2 11.8 111 9.7
Unsaponifiable 11.4  12. 9.2 8.0 10.6 10.1 8.9 7.3
Extract0 18.8 19.6 6.5 3. 7.8 4.4 3.8 2.6

9Based on moisture- and solvent-free wood.

1volume of 1:1 ethanol:KOH) for 2 hours under reflux. The
unsaponifiable portion was removed by extracting three times
nithether and washing the ether until neutral to phenolphthalein.
Tre ether was removed on a water bath, and the residue dried
overnight in 105° C. oven and weighed as unsaponifiable. The
difference between this fraction plus voiatiles and the total neu-
tral portion represented the quantity of esters present in the ex-
tractives.

DISTRIBUTION of extractives

While it is hazardous to present definite conclusions relative
tothe distribution of extractives in wood because of the many
factors which affect composition, certain generalizations (with
exceptions noted) appear evident.  In most cases the results on
tie trees examined (Table 1) seem to indicate the following
treads of extractive distribution:

The greatest quantity of extractives occurs at the butt heart-
wod; the leastamount appears at the outer sapwood.

With respect to the vertical distribution of extractables in the
heartwood, the maximum is found at the butt and passes through
»minimum at the middle of the tree with gradual increase to-
wadthe top. Trendelenburg and Schaile (11) reported similar
distribution for smooth and rough bark pines.

The radial distribution of extractives in the heartwood above
&n&gutt appears to be at a maximum at the newly formed heart-,

Vertically the extractives in the sapwood occur in greatest
amount in the butt section; radially they increase inwardly.

Atthe butt the increase of extractive content from the inner

tothe adjacent heartwood may be quite marked.

Therate of growth does not appear to affect the amount of ex-
tractives present.

The extractive content of the tree produced by normal physio-
logical growth increases many fold within an area which comes
uckr the influence of pathological action caused by physical
enjuriesdue to fire, bruised, or cut areas.

heartwood and sapwood extractives

The majority of the data (Table Il) on the composition of the
acetone-soluble extractives obtained from ponderosa pine heart-
*°d and sapwood seem to indicate certain trends which may
esummarized as follows:

Water and Ether Insolubles. ThIS entity, Wthh appears
It mmor percentage in the extractives, is uniformly lower in the
aPwood, based on wood weight.

This constituent is found in much greater
Percentage in sapwood than in heartwood and is the only sap-
f°ed fraction in which the amount exceeds that obtained from
eartwood.  The water-soluble material is in relatively small

uter Solubles.
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proportion in heartwood extrac-
tive and its distribution is not
uniform. In the sapwood of fast-
growing trees (stand I11), the
percentage of water solubles in-
creases as it approaches the top

, Top
Heartwood Sapwood
Inner Outer Inner Outer

40 23 22 3.0 of the tree; in the slower-grow-

6.2 3.6 16.9 21.6 H t tands | d 1 th

36.2 36.6 19.2 18.0 ing trees (stands I and 1), the

2?? 294 33(73 352 distribution in sapwood appears
121 134 132 1435 to be irregular.

1%2 1%2 i; 3?3 R-esm Acids. The predomi-

nating component in heartwood

19 38 extractives is resin acids. The

83 22 percentage of resin acids to be

339 335 found in heartwood appears to

0y e be contingent upon the quantity

193 gé of extractives present. In stands

|

having the larger quantity of

extractives contains a higher

percentage of resin acids than
the middle portion which contains the smaller amount of extract.
In stand |11 this distribution is reversed. The percentage of
resin acids in sapwood is approximately 25 to 50% less than the
percentage of resin acids that occur in heartwood extract.
Fatty Acids. The greatest constituent in sapwood
extract is free fatty acids. Generally, in the heartwood the per-
centage of free fatty acid increases as it approaches the top of the
tree; the percentage of this entity is relatively uniform through-
out the sapwood region.
The deposition of this material in the heartwood
follows, in general, the same pattern of distribution as indicated
for resin acids. In sapwood the percentage of volatile is rela-
tively uniform. This essential oil fraction is found in larger pro-
portions in the heartwood.
At the butt the sapwood extractive contains a greater
percentage of esters then the adjoining heartwood. This like-
wise appears to be true for the sections above the stump level in
the slower-growing trees (stands | and 11). In the middle and
top section of fast-growing trees (stand I11), the percentage of
esters is higher in the heartwood than in the sapwood.

Unsaponifiables. Heartwood has the larger percentage of
unsaponifiable material than sapwood throughout the bole of the
tree.

In some cases physical injury, such as occurred in the middle
section of one of the trees in stand 111, produced a copious quan-
tity of extractives; a considerable increase in the percentage of
resin acids and volatile is also apparent over that produced by
normal physiological processes.

The heartwood extractive is a brownish-red semisolid, while
the sapwood'extract is a transparent yellow viscous liquid. The
solid nature of heartwood extract is apparently due to its high
resin acid content; the more liquid sapwood extract is due to
its high percentage of free fatty acids.

Free

Volatiies.

Esters.

NATURE OF nADIAL EXTRACTIVE

The variation in composition of extractives through the cross-,
sectional area of the tree (Table 111) may be briefly summarized
as follows:

Waterand Ether Insolubles. This fraction in sapwood ap-
pears to decrease in percentage as it approaches the heartwood.
In stand | this constituent appears to pass through a minimum
in the newly formed heartwood and increases as it approaches the
pith. In stand 111 this percentage distribution in the heartwood
is reversed.

Water Solubles. The outer sapwood has the largest per-
centage of water solubles, while it appears to pass through a
minimum at the newly formed heartwood.

Resin Acids. INn sapwood the smallest percentage of resin

and
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acids occurs at the outer region and increases as it approaches the
heartwood. When the heartwood is reached, a material in-
crease in resin acid is noted, but whether the inner or outer heart-
wood has tho larger or smaller percentage of resin acids is de-
pendent upon thoir respective extractive contents.

This constituent increases in per cent as
it passes from the newly formed sapwood to tho inner sapwood
where it reaches a maximum ; then the percentage of fatty acids
decreases as it approaches the pith.

Voratites. This fraction usually increases in per cent as it

approaches the pith of tho tree.
In heartwood the percentage of esters decreases from
the outer heartwood to the pith. In some instances the per-
centage continues to increase as it approaches the outer sapwood;
in others it tends to decrease.

Unsaponifiables. IN general, the percentage of unsaponifiable
is the least at the outer sapwood and increases, in some cases, to a
maximum in tho outer heartwood and then decreases as it ap-
proaches the center of the tree.

It is interesting to note that the composition of the outer middle
heartwood in stand |11 indicates that it is apparently in the tran-
sition stage from sapwood to heartwood. The relatively low
resin acid content, together with the slight increase in unsaponifi-
able material in this outer heartwood region, suggests that this
transitional deposition of extractives was taking place.

Free Fatty Acids.

Esters.

APPLICATION OF RESULTS

In seeking means for effectively utilizing the potential chemical
products from ponderosa pine, it was found that this wood con-
tained a sufficient quantity of extractives to warrant the possible
removal and recovery of these materials from the lumber anti
from forest and mill wood waste. Preliminary investigations
have shown that it is possiblo to extract all or a large portion of
the extractives from lumber; the result is a further improvement
in the lumber offered by manufacturers; in addition, a com-
mercial volume of extractive products may become available
from this wood. The amount of recoverable extractables is not
uniformly distributed throughout the trunk of the tree. The
average extractive content in sapwood is usually within the limits
2.0 to 9.8% of the weight of the dry wood, while the heartwood
extractables are usually within the limits 3.5 to 31.5% of the
weight of the dry wood. The greater quantities of extractives
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are obtained from the lumber and wood waste originating from
the butt portion of the trunk and from that portion of'the tree
containing massed pitch areas.

The acetone extractives, whether from the heartwood or sap-
wood, contain, in addition to resin acids and terpenes, free fatty
acids, fats, and unsaponifiable material. Thus the extractives
differ from gum oleoresin formed by wounding the tree by the
presence of these aliphatic and unsaponifiable substances. The
percentage of each of these entities is not uniformly distributed
throughout the tree but depends from which part of the log the
extractives are obtained. In the case of heartwood extractives,
the products found in approximate order of quantity present are:
resin acids, free fatty acids, unsaponifiable, esters, volatile, water
soluble, and water and.ether insoluble. In sapwood extractives
these entities are found in the following order: free fatty acids,
resin acids, water soluble, esters, unsaponifiable, water and ether
insoluble, and volatile. Since the commercial value of these ex-
tractives is contingent in part upon the quantity and exact na-
ture of its entities, the identification of each of these products is
under investigation by this laboratory.
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Dissoclation Pressure of
Ammonium Carbamate

E. P. EGAN, JR., J. E. POTTS, JR.,, AND GEORGETTE D. POTTS

Tennessee Valley Authority, Wilson Dam, Ala.

EMPERATURE-pressure relations for the dissociation of
Tsolid ammonium carbamate into gaseous ammonia and
carbon dioxide have been measured by several investigators.
(1-6). The reported values are divergent; at a total pressure
of 40 atmospheres the divergence is as much as 17 atmospheres.
Briggs and Migrdichian (I) measured the dissociation pressure
of ammonium carbamate over temperature range 10° to 45“ C.
and obtained very consistent data. They also studied the
effect of excess ammonia or carbon dioxide and found excellent
agreement with the mass law according to the equation:

NHICONHI (solid) = 2NH, (gas) + CO, (gas) (0

The present paper covers a study of the dissociation pressure
of solid ammonium carbamate over the temperature range 35 to
83° C. and in the absence of an excess of either gaseous reactant.
From the vapor pressure data the free energy of dissociation
and the heat of dissociation have been derived.

PREPARATION OF SOLID AMMONIUM CARBAMATE

Solid ammonium carbamate was prepared directly in a 50<c
sample bulb (Figure 1) which later was connected to the pressure-
measuring system. Stoichiometric proportioning of the reac-
tants, as was employed by Briggs and Migrdichian (1), proved to
be unnecessary. The carbamate was deposited in the bulb fran
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CONSTANT-TEMPERATURE
OIL BATH
COMPOUND MERCURIAL
MANOMETER

Figure 1.
Ils Dissociation Pressure

aroughly equimolar mixture of ammonia and carbon dioxide
whichwas charged at a rate of 1 liter per minute. Deposition of
carbamate in the inlet and outlet tubes was prevented by main-
tainingthe temperature of the tubes at 1000C. The gases, .which
«me of commercial grade, were dried thoroughly to prevent the
forretion of ammonium carbonate and bicarbonate. The
caton dioxide first was washed with acid permanganate and
tren was dried successively with sulfuric acid and Dehydrite.
Treammonia was dried with freshly pulverized fused potassium
hydroxide. In preliminary trials in which the sample bulb was
aoded with dry ice, expansion of the product on warming to
room temperature shattered the bulb. This indicated either a
hich coefficient of expansion or a phase change in solid am-
nmonium carbamate between —78° C. and room temperature.
lljr;gbsequent work, therefore, the bulb was cooled in an ice-salt

The ammonium carbamate was purified by alternate partial
vaporization and evacuation through a vacuum line that con-
tained a trap cooled with dry ice. The sample was first warmed
urtil the dissociation pressure reached 700 to 800 mm. of mercury,
fenwas cooled with a mixture of dry ice and acetone, and the

the pressure of dissociation of solid am m onium ear-
hamate into gaseous am monia and carbon dioxide was
measured over the tem perature range 35° to 83° C. The
cesults, when plotted aslog /"against 1/T, fall on the sam e
straight line as the data of Briggs and M igrdichian for
[he range 10° to 45° C. The combined data of the two

studies arc represented by the equation:
I°gP (mm . ITg) = -2741.9/T + 11.1418 (283° to 355° K .)

Ilheslope of the curve defined by this equation indicates

the heat of dissociation of am m onium carbam ate,
sssumed to be constant over the experimentalrange of
temperature, is 37.6 kg .-cal. per m ole. This value agrees
“th calorimetr“eally determined values reported pre-
,»usly. The equation is applied also in the derivation of

e free energy of dissociation

SAMPLE BULB WITH
BOURDON GAGE
ATTACHED

Apparatus for Preparing Am monium Carbam ate
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system was evacuated to 10 4 mm.
of mercury. After three such cycles
of dcgasification, the sample was as-
sumed to be free of foreign gases. On
completion of the purification step, all
the tubes joining the sample bulb were
scaled off, except a short control
manometer. The purified sample was
not weighed but was estimated to be
0.2 to 0.4 gram.

Each preparation was checked for
finality by comparison of its dissocia-
tion pressure at an arbitrarily selected
temperature of 34.5° C. with the value
interpolated from the data of Briggs
nh3 and Migrdichian (/). About one third
of the preparations were discarded
because their dissociation pressures ex-
ceeded the adopted tolerance of 1 mm.
of mercury deviation from the in-
terpolated value of 170 mm. of mercury.
None of the preparations yielded a pres-
sure of less than 170 mm. at 34.50C.

-»-to high vacuum

co2

MEASUREMENT OF DISSOCIATION
PRESSURE

In the technique used for the
pressure measurements, the autog-
enous dissociation pressure was allowed to come to equilibrium
at a given temperature with the gases exposed only to the sample
bulb and the short control manometer. The control manometer
was a null-point instrument with sealed-in electrical contacts
in a circuit that automatically balanced the dissociation pressure
with nitrogen pressure. The measuring manometer was in the
nitrogen system, as Figure 1 shows.

The control manometer used for pressures above 1000 mm.
was a glass Bourdon gage that established electrical contact at
the tip of the free end of the elastic element. This gage had the
advantage that it presented only glass surface to the products of
dissociation, but its sensitivity to temperature introduced a
significant correction factor at pressures below 1000 mm. At
these lower pressures, therefore, a mercurial control manometer
was used. A correction factor representing the pressure re-
quired to establish electrical contact was determined for each
type of gage and was added algebraically to the observed disso-
ciation pressures.

The balancing pressure was obtained from a nitrogen cylinder
through a reducing valve. The dissociation pressure was bal-
anced by continuously bleeding a small amount of nitrogen from
the system to a vacuum and intermittently introducing nitrogen
under pressure through a solenoid valve that would pass a slow
stream of gas under a differential pressure of about 10 cm. The
valve consisted of an 8 mm. tube that terminated with a fritted
glass disk slightly above a pool of mercury in an integral jacket
to winch the nitrogen source was connected. A cylindrical iron
plunger surrounded the 8&mm. tube and floated on the mercury.
A solenoid surrounding the jacket pulled down the plunger and
thereby raised the mercury surface sufficiently to seal the fritted
disk and prevent the passage of nitrogen. The solenoid was
actuated through a vacuum tube relay and the contacts in the
null-point manometer. At equilibrium the intermittent action
of the solenoid caused fluctuations of less than 0.2 mm. in the
level of mercury in the measuring manometer.

Pressures up to 1000 mm. were measured on a mercurial
manometer with a 12-mm. bore. One leg of the manometer was
evacuated to < 10_<mm., which made the manometer absolute
within the accuracy of the readings. To eliminate parallax, a
glass mirror scale and a sliding hairline index were employed for

and Measuring
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reading the manometer. The pressure readings were corrected
to 0° C. for the expansion of glass and mercury.

Pressures above 1000 mm. were read on a three-stage compound
mercurial manometer in which the interstage spaces were filled
with freshly boiled distilled water. As with the simple manome-
ter, the final leg of the compound manometer was evacuated.
The manometer was mounted on a heavy paper scale that
differed from the glass scalc by less than 1 part in 1000. The
pressure differentials in the three stages of the manometer, cor-
rected for the head of water in each stage, were added to give the
total pressure. The total pressure was corrected to 0° C. for
the expansion of mercury.

The sample was heated in a thermoregulated oil bath. The
temperature of the bath was estimated to the nearest 0.01"p.
with a calibrated thermometer; the over-all accuracy probably
was £0.1° C. The attainment of equilibrium was. ensured by

Table I D issociation Pressure op Ammonium Carbamate
Temp., P, Temp., P, Temp., P,
°C Mm. Hg °C. Mm. Hg 0C. Mm. Hg
34.49 170.1 56.98 688.7 68.91 1327
34.55 . 171.2 58.20 743.7 70.43 1459
34.59 170.9 59.31 790.1 71.74 1551
42.99 294.2 59.83 812.5 73.18 * 1673
43.18 295.1 61.24 881.9 74.40 1805
46.4S 366.8 62.09 924.2 76.47 1998
47.53 388.9 62.09 925.7 77.30 2093
50.92 479.2 62.13 927.2 78.82 2264
52.19 517.2 65.20 1096 80.27 2456
54.73 603.2 66.19 1158 81.81 2659
55.00 610.2 67.20 1223 83.33 2856
55.78 641.6 67.56 1248 83.38 2864
f
Table 1lI.” Free Energy of Dissociation of Solid
Ammonium Carbamate
Temp., ° C. P, Atm. Kp, Atm.° \F °, cal./Moie
o> 0.0167 6.90 X 10-' 7700
20 0.0811 7.90 X 10-* 5500
40 0.3212 4.91 X 10-» 3310
60 1.07S 1.80 X 10" 1110
80 3.153 4.64 -1080
100«» 8.223 8.23 X 10 -3270
'120& 19.45 10.90 X 10> -5460
140*> 42.33 11.23 X 10> -7660
4
° Kp = where P is dissociation pressure in atmospheres.

* Extrapolated.

ENGINEERING

CHEMISTRY Vol. 38, No. 4

approaching equilibrium from both the
high- and the low-pressure sides. The
pressure was read at half-hour intervals
until three successive readings agreed within
0.5 mm.

DISCUSSION OF RESULTS

Table | gives the measured dissocia-
tion pressures. Of the data previously
reported, only those of Briggs ad
Migrdichian (1) fall on the same straight
line with the present measurements when
plotted as the logarithm of the pressure
in millimeters of mercury against the
reciprocal of the absolute temperature.
Application of the method of least squares
to the combined data of Briggs ad
Migrdichian and of the present wok
yields the following equation for the
dissociation pressure of solid ammonium
carbamate:

logP = —27419/T +
11.1448 (283° t0 355° K.) @

where P — pressure, mm. of Hg
T = absolute temperature

The average deviation of the present measurements from
Equation 2 is ==04% and the maximum deviation is 1.4%; te
corresponding values for the data of Briggs and Migrdichian ae
+0.3 and 1.3%, which are of the same magnitude as for &
equation representing Briggs and Migrdichian’s data alore.
Figure 2 compares calculated and measured dissociation pres-
sures.

If it is assumed that solid ammonium carbamate dissociét«
according to Equation 1 and that the vapor is a perfect gas sys
tem,

Pnh, = (8§ P) uPcO, = I P

K> =T7P\

Values of the dissociation constant, KH as calculated frum
smoothed dissociation pressures derived from Equation 2 ae
presented in Table Il together with values for the free energy d
dissociation as calculated from the relation:

AF° = -RT InKp

The heat of dissociation corresponding to Equation 1, as calor
lated from the slope of the vapor pressure line in Figure 2 on the
assumption of constancy of the heat of dissociation, is 376
kg.-cal. per mole of solid ammonium carbamate. This value
agrees with calorimetrically determined values (S) but is loaer
than the heat of dissociation calculated by Krase (S) from tre
dissociation pressure data of Briner (2).

In this paper no correction of measured pressure to fugecit?
has been made. A trial calculation, assuming the absence d
mixture effect, indicates that, at the melting point; the fugeitv
of the mixed gases would be about 10% lower than the pressure,
which is within the error introduced by extrapolation.
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Effect of Storage on Carotene
of Plant Extracts

A. R. KEMMERER1AND G. S. FRAPS

Texas Agricultural Experiment Station, College Station, Texas

During storage, up to 8 months, of thirteen samples of
dried grasses and dried foods, the percentage of im purity
Aincreased in the crude carotene fraction. The per-
centage of jS-carotene in the pure carotene fraction de-
creased in six sam ples and rem ained nearly constant or
increased slightly in the other seven. The percentage of
oeo-/3-carotene U in the pure carotene increased in eleven
of the sam ples, and that of neo-/3-carolcne B decreased
in ten The quantity of im purity A increased in de-
hydrated carrots up to 14 months of storage and in beet
greens up to 4 months of storage In all other samples
there was a decrease in the amount of im purity A. (3-
Carolene, neo-/3-carolene U, and neo-/3-carotenc B de -
creased in all the samples except beet greens, in w hich
there was a slight increase in nco-/3-carotene B during the

second and fourth months of storage.

OLGAR and Zechmeister (6) showed that ir<ms-S-carotene
can exist in a number of other sterecisomerie forms. Kem-

merer and Fraps (4) reported that two of these stereoisomerie

forrrs, neo-8-carotene U and neo-8-carotene B, are found in ap-
preciable amounts in carotene extracts of plants. Neo-6-caro-
tene B (4, 8) is reported to have one half the vitamin A activity

' Present address, Arizona Agricultural Experiment Station, Tucson, Ariz.

of 8-carotene, and neo-3-carotene U, one fourth (5) to one third
(2). Carotene is known to be lost in storage, but no information
regarding the relative stability of the several isomers in storage
is available. The experiments reported here were conducted to
ascertain the relative changes during storage in the percentages
of these isomers and other constituents of the crude carotene of
plants and also their relative loss during storage.

In the first experiment, samples of freshly dried ground grasses
and dehydrated foods were stored at room temperature in the
dark. At the beginning of the experiment and from time to time
thereafter, the crude carotene fractions of the samples were
analyzed for carotenoid constituents by a method previously
published (S). The sample is treated with alcoholic potassium
hydroxide in a Waring Blendor. The crude carotene is extracted
with petroleum ether, and the petroleum ether solution purified
by shaking with 90% methanol. Since the coloring matter is not
entirely carotene, it is termed “crude carotene”. All operations
arc carried out at room temperature. The various carotenoids
in the crude carotene solution are finally ascertained by chroma-
tographic analysis on calcium hydroxide (8). With this pro-
cedure there is less than 10% loss of pigment.

Table | gives the results. Impurity A consists of several pig-
ments which do not have vitamin Apotency. Pure carotene may
be defined as the crude carotene minus impurity A, and consists
of the vitamin A active pigments neo-8-carotene U, 0-carotene,
neo-8-carotene B, and, in the case of carrots, a-carotene.

Tabie | E ffect of Storage on Percentage of Constituents in Crude and Pure Carotene
i Impuyrit
ImpAurlty Carotenes in Pure Carotene, DA Y Carotenes in OPure Carotene,
Crude in Crude % Crude in Crude . %
Storage Caro- Caro- Neo-| Neo-/3- Storage Caro- Caro- Neo-fi Neo-/3-
Time, tene, tene, caro- /3-Caro- caro- Time, tene, tene, caro- /3-Caro- caro-
Sample Months P.P.M. % tene U tene tene B Sample Months P.P.M. % tene U tene tene B
Beet 0 517 4.1 8.5 70.3 21.2 Dehy- 0 862 3.0 36.0a 64.0 0
greens 2 322 7.3 15.6 74.6 9.8 drated 2, 765 6.2 34 .2a 57.5 8.3
4 270 10.1 20.4 68.3 11.3 carrots 6 650 6.2 28.5a 69.0 2.5
10 167 11.6 21.9 61.5 16.6 10 650 9.1 32.1a 63.0 4.0
14 675 7.5 32.1a 64.9 3.0
Eastern 0 121.0 11.0 19.3 69.6 11.7
grama 2 72.0 . 24.8 15.3 75.7 9.0 Dehy- 0 213 . « 149 25.1 57.4 17.5
grass 4 52.0 23.8 19.2 65.0 15.8 drated 2 173 20.0 23.0 61.4 15.6
10 30.0 27.0 23.0 68.0 9.0 alfalfa 6 128 22.1 29.0 56.0 15.0
10 97 22.5 29.4 56.0 14.6
Buffalo 0 79.0 13.0 19.4 65.7 14.9 14 65 26.1 33.1 55.0 1.9
grass 2 60 23.9 31.4 55.7 12.9
4 45.0 18.7 20.6 66.4 13.0 Dehy- 0 290.0 4.5 0.0 84.5 15.5
10 28.0 19.6 26.6 67.5 5.9 drated 2 218.0 6.9 15.0 69.0 16.0
B d bur 6 112 10.7 19.5 66.5 14.0
ermuca 0 94.0 11.2 18.8 69.8 11.4 clover 10 135 12.3 21.2 66.8 12.0
grass 2 52.0 17.5 20.7 67.0 12.3 14 83 15.7 23.1 65.7 11.2
4 32.0 20.3 24.7 61.5 13.8
0 7.2 27.8 26.6 68.4 5.0 Swiss 0 365.0 6.3 10.3 80.9 8.8
Qallis chard 2 13.0 18.8 66.7 14.5
0 65.0 14.2 18.6 7L 9.7 4 1508 13.0 17.2 63.8 18.8
grass 2 18.5 35.4 22.3 71.3 6.4 10 5.9 17.4 226 59.8 17.6
4 9.3 40.3 27.1 60.4 12.5
10 4.4 57.3 30.9 61.7 T4 Turnip 0 553.0 4.9 13.2 76.4 10.4
Rhodes greens 2 18.4 21.7 65.7 12.6
rass 9 117.0 11.3 16.6 71.0 12.4 2 78.6 20.0 23.5 64.3 12.2
9 2 74.0 15.6 15.8 67.7 16.5 10 306 241 200 76.0 4
4 51.0 15.7 18.7 70.0 11.3 : : ! ' .
b 10 84.8 20.5 255 645 10.0 Collards 0 432 23.9 14.7 67.2 18.1
ral 4 74.0 34.4 19.1 74.2 6.7
0 . 11.5
grass 2 ?1(7)8 ;1329 %Sg ;%8 131 10 28.5 41.9 12.1 77.0 10.9
.4 34.0 24.6 21.3 66.6 12.1 .
10 18.6 31.0 a a-Carotene in carrots.

457



458 INDUSTRIAL AND ENGINEERING
Tabte Il. E ffect of Storage on Quantity of Cakotbxoid Constituents
Quantities of Constituents, 7/Grama
Crude Im - Neo-/J- Neo-£- Crude
caro- purity caro- /3-Caro- caro- caro-
tene A tene U tene tene B tene
Swiss chard 3G5.0 23.0 35.4 277.0 29.6
4 mo. 15.8 2.1 2.4 8.7 2.6 96 *
10 mo. 5.9 1.0 11 2.9 0.9 98
Beet greens 517.0 21.2 42.4 349.4 104.0
2 mo. 322.0 23.5 46.7 223.0 28.8 38"
4 mo.. 270.0 27.2 49.2 166.0 27.6 48
10 mo. 167.0 19.4 37.4 91.0 24.2 68
Turnip greens 533.0 26.1 66.5 387.0 53.4
4 mo. 78.0 15.6 14.7 40.2 7.5 86"
10 mo. 30.G 7.4 4.7 17.6 0.9 94
Dehydrated carrots 862.0 25.0 300.0" 537.0 00.0
2 mo. 1765.0 47.5 244.0 414.0 59.5 11.2
6 mo. 650.0 40.0 174.0 421.0 15.0 24.6
10 mo. 660.0 60.0 190.0 384.0 24.0 23.4
14 mo. 675.0 50.0 201.0 405.0 19.0 21.7
Dallis grass 65.0 9.2 10.4 40.2 5.2
mo. 18.5 6.6 2.7 8.4 0.8 72
4 mo. 9.3 3.7 1.5 3.4 0.7 86
10 mo. 4.4 2.5 0.6 1.2 0.1 93
Bermuda grass 94.0 10.5 15.8 58.3 9.4
2 mo. 52.0 9.1 8.9 28.7 5.3 45
4 mo. 32.0 6.5 6.3 15.7 3.5 66
10mo. = 17.2 4.8 3.3 8.4 0.7 82
Buffalo grass 79.0 10.2 13.4 45.4 10.0
2 mo. 60.0 14.3 14 .4 25.5 5.8 24
4 mo. 45.0 8.4 7.5 24.3 4.8 43
10 mo. 28.0 5.5 6.0 15.2 1.3 65
Rhodes grass 117.0 13.2 17.2 74.0 12.6
2 mo. 74.0 11.6 9.8 42.3 10.3 38
4 mo. 51.0 8.0 8.1 30.0 4.9 56
10 mo. 35.0 7.2 7.1 17.9 2.8 70
Dehydrated alfalfa 213.0 31.8 45.5 104.0 31.8
Z_mo. 173.0 34.6 31.7 85.2 21.5 19 '
fi 1110. 128.0 28.1 28.5 56.0 15.3 40
10 mo. 97.0 21.8 22.1 42.1 11.0 54
14 mo. 65.0 17.0 15.9 26.4 5.7 70

Carotene in carrots.

The percentage of impurity A in the crude carotene increased
With the length of the storage period. For example, at the end of
10 months the percentage of impurity A had increased from 3.0
to 9.1 in dried carrots, 6.3 to 17.4 in Swiss chard, 4.1 to 11.6 in
beet greens, 4.9 to 24.1 in turnip greens, 11.2 to 31.0 in crab grass,
and 14.2 to 57.3 in Dallis grass.

In the pure carotene the percentage of 3-carotene decreased in
six of the samples; it remained nearly constant or exhibited a

Tabre Il Effect of Storage and Stirring on LOSS of
Carotenoid Constituents in Alfalfa
Impurity .
A Carotenes in Pure Carotene,
Crude in Crude %
Storage Caro- Caro- Neo-0- Neo-O-
Condi- Time tene, tene, caro- O-caro- caro-
tions Stored P.P.M. % * tone U tene tene B
Refrig- 0 173 7.8 16.5 71.0 12.5
erator, 1 mo. 170 9.9 18.3 66.3 15.4
5° C. 2 mo. 152
3 mo. 160 10.%2 15.8 6S18 15.4
4 mo. 144 11.5°" 16.3 71.7 12.0
8 mo. 116 17.0 16.9 62.5 20.6
Incu- 0 173 7.8 16.5 71.0 12.5
bator, 1 wk. 172 12.6 17.3 70.5 12.2
37° C. 2 wk. 152 12.4 16.3 74.5 9.2
4 wk. 114 11.6 18.6 66.3 15.1
2 mo. 97 15.3 18.7 70.2 11.1
3 mo. 68 18.5 21.0 61.6 17.4
4 mo. 57 19.4 23.3 65.2 11.5
6 mo. 46 22.0 20.5 59.0 20.5
8 mo. 38 27.3 23.6 62.3 14.1
Incu- 0 173 n 7.8 10.5 71.0 12.5
bator, 1wk. 172 9.3 18.3 72.2 9.5
37_" C., 2 wk. 144 11.3 17.7 71.5 10.8
stirred 4 wk. 100 14.3 17.3 66.7 16.0
2 mo. 78 20.9 22.6 67.2 10.2
3 mo. 52 21.9 23.8 63.5 12,7
4 mo. 43 21.8 24.8 62.6 12.6
6 mo. 33 23.5 27.2 56.7 16.1
8 mo. 28 28.3 25.2 58.3 16.5

Loss of Constituents, % of Original
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slight increase in the other seven.
The percentage of neo-S-earo-

tene U increased in eleven ofthe

Im-  Neo-B- Nco-/3-
purity caro-  f3-Caro- caro- samples, and the percemageFf
A tene U tene tenc B nco-fl-carotene B decreased in
vy 03 o7 ol ten. Apparently neo-fl-carotcnc
96 97 99 97 U is more stable than the other
two carotenes. The a-carotem*
Sii-i6 36 72 in carrots decreased from 36.0 to
-28 -16 52 73
8 12 74 77 32.1%.
The data were further ex-
S 3 gg amined (Table 1) to ascertain if
the changes in percentage were
290 *19° 23 v " due to an increase in the quanti-
=60 42 22 75 ties of any of the carotenes or to
-140 3G 28 60 . .
-100 33 24 68 differences in the rates of loss.
The quantity of impurity A in-
' %g g I 8 creased only with dehydratcdcar-
73 94 97 95 rots, and with beet greens after
storage for 2or 4 months.  Wien
Eo“ 5 p stored 10 months, there was a
54 79 86 , 93 loss of impurity A from the beet
, greens. An apparent gain of
-4 .
B T P a2 neo-3-carotene U occurred with
46 55 67 87 the beet greens during 2 and 4
o a3 " " months of storage and with
39 53 60 61 buffalo grass after 2 months of
45 58 " 8 storage. In the other tests there
were losses of all pigments ia
30 18 32 b
2 a7 46 52 storage. Most of the increaseia
31 - . .
% ok 5 8 percentages of impurity A in

the crude carotene and of neo-
/3-carotene U were due to greater
resistance to destruction than
the other pigments possessed,
and not to increase in quantities present.

In a second experiment a sample of dehydrated alfalfa leaf meal
was divided into three aliquots. One aliquot was stored in a re-
frigeratorat 5°C. and one in an incubator at 370C.; the third ve8
stored in an incubator at 37° C. and stirred for 5 minutes, twice
weekly. After the storage periods designated in Table 11, the con
stituents of the crude carotene in the three aliquots were deter-
mined. The percentage of impurity A in all three was in-
creased during storage. Lower percentages of impurity A were
found in the sample stored at 5° C. than in the two samples stored
at 37°. The stirred sample did not contain any greater per-
centages of impurity A than the unstirred samples. As in the
first experiment, the carotenoid constituents were calculated
exclusive of impurity A. There was an increase in the percentage
of neo-fl-carotene U and a decrease in the percentage of S-caro-
tene in the pure carotene fraction of the two samples stored in the
incubator. The results on neo-/3-carotene B were erratic but
indicate no appreciable change in its percentage. Stirring did
not affect the percentages of these pigments.
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i March 1. Messel Medal of Society of Chemical Industry
awnarded to Wallace P. Cohoe, former president of the society,
NewYork consultant~~Expansion program for more than dou-
blingmanufacture of Geon polyvinyl resins announced by W. S.
Richardson, president of B. F. Goodrich Chemical Co.'«"*Govern-
ment-owned aluminum sheet mill at McCook, 111, leased to
Reynolds Metals Co.

? March 2. Harold C. Urey criticizes Army’s Manhattan Dis-
trict Engineer Corp. for insistence that the control of atomic
poner be vested in the military, and assails Maj. Gen. Groves for
recommending press curbs during Bikini atomic bomb experi-
ments.~~Federation of American Scientists receives annual
New York Teachers Union award for outstanding leadership in
educating America for international control of atomic power.

Fwve Jewett Fellowships of $3000 each awarded by Bell Tele-
phore Laboratories for research in physical sciencesl

1 March 3. Monsanto Chemical Co. invested §29,000,000 in
rewmanufacturing facilities since 1941, chairman of the board
Edgar M. Queeny reports, announcing plan for financing an
expansion program.~~W ar Assets Corp. reports that disposals
dfsurplus capital and producers’ goods rise steadily but still lag
behind declarations of surplus, while sales of plants show marked
acceleration.~~M ajor changes in Du Pont explosives depart-
ment announced, including dropping war explosives unit.~~
War Department reports that Army Ordnance plants are turning
out 4000 tons of anhyclrous ammonia monthly to alleviate a criti-
a fertilizer chemical shortage.

I March4. Canadian Royal Commission investigating espion-
aeactivities names four involved in leakage of secret information
onatom and radar data.~~Rubber Manufacturers Association

says synthetic rubber consumption in 1945 hit a record total of
700,000 tons.

HMarch 5. J. R. Oppenheimer, former director of atomic
borb project at Los Alamos, receives 1945 Wedge Award from
Georgia Hardwood Lumber Co. for “accomplishments reflected
towerd the betterment of others”.~~Westinghouse Electric

a\AardQS 811,000 in scholarships to high school winners of talent
search.

1 March 6. w.s. Carpenter, Jr., Du Pont president, says com-
pany lias set up a three-year plan of expansion.

1 March 7. Supplementary report of Oil Division, U. S.
trategic Bombing Survey, details what happened to oil, chemi-
explosives, and rubber industries in Germany and sees no
nse against bombing.~~Corning Glass Works signs consent
ecroe >nantimonopoly suit.

f March 8. Two hundred German scientists and technicians
Ing brought to Britain to work in advisory capacity with in-
y>London Board of Trade announces; all volunteers cm-

© d“m. En<. News, 24, 815 (March 25, 1946).
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ployed by British Government, which will lend them to trade as-
sociations and research organizations.~~Infrared eye, known as
superconducting bolometer, which can see in the dark 10 to 15
miles, disclosed by Donald Pl. Andrews, Johns Hopkins Univer-
sity, before American Optical Society meeting in Cleveland.~ ~
Monsanto Chemical Co. says all-wool suits that will be cool in
warm weather can be made by using Resloom, a melamine-form-
aldehyde resin.

If March 9. Concentrated arc lamp, using zirconium, invented
by W. D. Buckingham and C. R. Deibert, and demonstrated in
New York by Western Union Telegraph Co., is expected to open
up new researches with the optical microscope and aid photog-
raphy.~~L. W. Houston, installed as president, Rensselaer
Polytechnic Institute, announces expansion plans to meet short-
age of engineers and scientists caused by war.

i marcn 10. W. S Hallanan appointed head of committee of
seven by American Petroleum Institute to urge Congress to re-
move price ceilings on petroleum products.~~W. H. Kenyon,
Jr., Patent Survey Committee counsel, Department of Commerce,
says private inventor is giving way to corporation research teams.

March 11 James E. Pew, of Sun Oil Co., announces $4,000,-
000program to conserve natural gas.~~Camille Dreyfus, chair-
man of board of Celanese Corp., tells of expansion program to
meet demand for rayon.~~Federal Trade Commission recom-
mends that Phosphate Export Association withdraw from cartel
agreements with foreign producers of phosphate.~~Strikers
permit supervisory, technical, and scientific employees of General
Electric Co. to cross picket lines to resumo atomic and medical
research.~~Melvin Calvin, University of California, announces
a new and simplified method of obtaining oxygen from air for
industrial use.

H MARcn 12. Henry A. Wallace, Secretary of Commerce, of-
ficially opens Nuclear Energy Exhibit of the American Chemical
society iN. Department of Commerce building, Washington,
D. C.2~~Special Senate Committee on Atomic Energy ap-
proves formation of military committee to review measures of
Atomic Energy Control Commission proposed in McMahon bill.
~~R. G. Gustavson, University of Chicago, urges National
Foundation for Infantile Paralysis to set up research approach
to close gap between biology and medicine and physics, chemis-
try, and mathematics.~"~Zay Jeffries, testifying in GE anti-
trust suit, says company spent $27,000,000 to develop electric
bulb.~~Edible squash seed, rich in oil and protein announced by
L. C. Curtis, University of Connecticut, as possible basis of new
industry.~~Alexander Silverman tells acs Detroit Section
glass may provide best defense against A-bomb radiation.

« March 13. Department of Commerce says 12 patents owned
by Walter Kidde & Co., Inc., Belleville, N. J., and Hercules Pow-
der have been dedicated to U. S. public for free use.~~Ilans

i lbid., 770 (March 25, 1946).
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Molitor, Merck Institute of Therapeutic Research, in address be-
fore Federation of American Societies for Experimental Biology
in Atlantic City, says widespread use of penicillin and streptomy-
cin germs may develop resistance to them within the next 5 or 10
years making them ineffective.

UMarch 14. A E. Lacomble, president Shell Development
Co., announces S3,500,000 expansion of Shell’s research labora-
tories at Emeryville, Calif.3~~M aj. Gen. Leslie R. Groves an-
nounces he has authority to release information on atomic energy
processes for peacetime purposes “in so far as such use does not
impair the national security of the United States”.~~President
Truman renews demand for over-all control by civilians of atomic
energy development.

If mahcii 15. Kirby F. Mather, Harvard geologist at inter-
national convention of YMCA in N. Y., urges collaboration of 10
nations, including the Big Five, which have deposits fairly rich in
uranium.~~Secretary of War Patterson at special press confer-
ence says he approves civilian control of atomic energy develop-
ment but wants military “participation” in developments for
military uses and also in decisions involving security.

¥ march 16. Rollins College Conference for World Govern-
ment urges that General Assembly be reconstituted as legislative
branch of world government and make laws regulating uses of
atomic energy.~~Special Senate Committee on Atomic Energy
adopts provisions affirming President’s supreme control over
atomic bombs, transferring all atomic energy plants and bombs
from Army to a proposed Atomic Energy Control Commission,
and prohibiting distribution of fissionable materials to foreign
governments.

. March 17. Interagency Policy Committee on Rubber urges
U. S. to retain nucleus of synthetic rubber industry and produce
one third of country’s estimated peacetime requirements, resort-
ing to private ownership, continued Government allocation and
specific control into 1948, and mandatory use of synthetic rubber.

If March 18. President Truman drafts Bernard m. Baruch as
U. S. representative on United Nations Atomic Energy Com-
mission. Baruch announces as alternates and co-workers, John
Hancock, Wall St. banker; Ferdinand Eberstadt, N. Y. invest-
ment banker and lawyer and former vice chairman WPB; Her-
bert Bayard Swope, publicist and journalist; Fred Searls, N. Y.
mining engineer. James B. Conant, Vannevar Bush, and Arthur
H. Compton will supply “the necessary scientific guidance”,
Baruch says.~~Supreme Soviet adopts Russia’s hew Five-Year
Plan for extensive research in atomic power.~ ~ WAC places four
aluminum reduction plants, representing a government invest-
ment of almost $73,000,000, on market.~~Government sources
reveal big gain in penicillin output enables industry to increase
by about 2.5 times amount of drug allocated for domestic civilian
use in December.

I M arch 19. Libbey-Owens-Ford Glassearmarks s13,458,257 for
current and future construction projects, John D. Biggers, presi-
dent, informs stockholders.

U March 20. G. G. Oberfell, vice president in charge of research
and development Phillips Petroleum Co., says gasoline from
natural gas will not compete with present methods of refining
from crude oil until crude is about $1.75 to $2.00 per barrel.
Five scientists, key figures in development of atomic bomb, re-
ceive medal of merit, highest award the Government can make to
civilians.

If March 21. Owens Corning Fiberglas announces purchase
from WAC of plant in Huntingdon, Pa., which Fiberglas has
operated since 1943.~~Representatives of 59 citizens groups in
Washington, D. C., start drive to defeat Vandenberg’s amend-
ment to give the military control over atomic energy.

1 March 22. President Truman orders 6 weeks delay in atomic

bomb tests at Bikini Atoll.
1Chem. Eng. News, 24, 796 (March 25, 1946).
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n March 23. National Citizens Political Action Committee
urges Special Senate Committee on Atomic Energy to hold
full public hearings on Vandenberg amendment to McMahon bill
as amendment for military control alters intent of original bill.
~~Senator Lucas of Illinois, speaking in Providence, opposes
Bikini tests as a “grandiose display of the atomic destruction”.

¥ March 24. Alien Property Custodian seizes German copy-
right interests in German publications issued from 1939 to
1945.~~Norman A. Shepard, chemical director American Cyan-
amid, says exportation of farm products as raw materials which
cannot compete unsubsidized with synthetics is dangerous to
sound market expansion.~~D u Pont announces new foamed
plastic lighter than cork.

I March 25. Petroleum industry calls on Congress to veto im-
mediately Surplus Property Administration’s recommendations
for government operation of Big and Little Inch pipe lines.~~
President Truman announces appointment of five scientists and
four members of Congress as his personal committee to evaluate
forthcoming atomic bomb tests—Senators Hatch and Saltonstall,
Chairman May of House Military Committee, and Representa-
tive Andrews to serve with scientists J. Robert Oppenheimer, Karl
Compton, Bradley Dewey, Wm. S. Newell, and Fred Searls.
Goodyear announces method of converting Pliofilm into a fabric.
~~Myron P. Backus and John F. Stauffer, University of Wis-
consin, discover new mold which may double penicillin produc-
tion.~~Truman Administration discloses to Congress plan to
vest atomic energy control in international agency of UNO and
that plutonium may be denatured.

N march 26. U. S. Department of Agriculture issues new rules
for use of DDT to prevent food contamination.~~Commcrcial
Solvents announces commercial production of sodium penicillin
in crystalline form, eliminating refrigeration storage.~~Nauga-
tuck Division of U. S. Rubber announces development of a per-
manentstarch in form of resin that lasts the life of a garment.
Members of Special Senate Committee on Atomic Energy ask for
practical demonstration-on denaturing plutonium.

U March 27. Association of British Chemical Manufacturers
propose that Germany’s dyestuff industry be revived for a time
to help relieve world shortages and then be completely elimi-
nated.~~GE announces expanded program of atomic power
research, with appointment of 14 scientists formerly engaged
in wartime atomic radar and similar projects.~~W. B. Bell,
president American Cyanamid, announces plans of immediate
expansion at a minimum of six different locations.

If Mmarch 28. State Department releases report of Board of
Consultants headed by David E. Lilienthal of TVA urging a
world-embracing technological monopoly of atomic power under
UNO and declaring atomic energy feasible for early use in indus-
try.~~Eastman Kodak, according to annual report, budgets
811,000,000 to cover research, development, and process equip-
ment.~~ D u Pont announces shatter-resistant sheets of Lucite
acrylic resin with surface patterns formed as made.

If March 29. State Department says U. S. and Britain have
signed new agreement on interchange of patent licenses.
Senator Jas. W. Huffman introduces Senate resolution request-
ing President Truman to abandon atomic bomb experiments on
surface targets at Bikini Atoll.

¥ march 30. Representative Hugh De Lacy, addressing
Association of Teachers of Social Studies of New York declares
military authorities in U. S. have 1500 atomic bombs and are
making more.~~Republican unofficial Congressional food study
committee proposes virtual reorganization of Department 0
Agriculture in food research bill.

If Mmarch 31. WAC places on market six carbon black plants,
three magnesium properties, a potassium perchlorate plant, two
butane plants, and a gasoline refinery.
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» During the past fifteen years, the research staff of
Universal Oil Products Company has developed and
brought into commercial production many catalysts
for the Petroleum Industry. Cracking, dehydrogena-
tion, polymerization, hydrogenation, aromatization,
isomerization, and many other petroleum processes
utilize catalysts which have been developed during
this era of intensive catalyst research.

It has been our experience that many of these cata-
lysts, developed specifically for apetroleum process,
can be used directly or with slight modification, in
other processes. We are therefore offering UOP cat-
alysts, in commercial and pilot plant stages of de-
velopment, to industrial and academic investigators.

UOP technologists will be glad to discuss your prob-
lems with you in strictest confidence and assist you
in applying UOP catalysts to your specific needs.
Write today.

IMIVERSHL OU PRODUITS I0HIPI1HV

310 S. MICHI GAN AVENUE CHICAGO 4, ILLINOIS, U.S A.

LABORATORIES: RIVERSIDE, ILLINOIS

UNIVERSAL SERVICE PROTECTS YOUR REFINERY



HESE pictures show plant equipment in special

I shapes and large sizes, fabricated of Revere
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copper pipes and vessels are replaced only because
of a change in the plant; then the metal has a high

sheet copper and sheet Herculoy by the Camden reclaim value.

Copper Works, Camden, N. J. They illustrate the
amazing versatility of these metals, which skilled

coppersmiths the country over fabricate into prac-

tically any desired shapes from the flat.

Easy workability of course means faster and more
accurate fabrication of apparatus for your plant.
It may also mean lower prices from the fabricator,
or lower labor costs in your own plant if you make
your own equipment. Whether the final form be
simple or complicated, the workability of copper
and its alloys is a tremendous advantage.

More than this, copper’s high heat conductivity
may speed up processing, and cut fuel expense.

Copper resists attack by many substances, and
thus has a long, sometimes endless life. Often

The Revere Technical Advisory Service will
gladly cooperate with you in working out applica-
tions of copper, whether plate, sheet, strip or roll,
or in other mill forms such as pipe and tube, rod
and bar, and extruded shapes. Write Revere or see
your Revere Distributor.

COPPER AND BRASS INCORPORATED
Founded by Paul Revere in 1801
230 Park Avenue, New York 17, new York

Mills: Baltimore, Md,; Chicago, Ill.; Detroit, Mich.;
,New Bedjord, Mass.; Rome, N. Y.
Sales Offices inprincipal cities, distributors everywhere

Y /sfe rito Exploring the Unknown on the Mutual Network every Sunday Evening, 9 to 9:30 p.m., EST.

/
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Caustic Soda ¢ Glycols

%S alnajor source of many of the “heavy duty” chemicals Chlorides + Epsom Salt

play so essential a part in the nation’s manufacturing Phenol ¢ Sodium Sulphide
I Nations. Users in many fields depend on the uniform prod- Carbon Tetrachloride

quality and careful attention to delivery that have formed and more than 75 others.

Inte8ral part of Dow’s service for so many years. Dow Ani-
°U>suPI>lied in L.C.L., drum carload, and tank car lots,
Himportant member of the great family of Dow Industrial

Ihemicals.
fhe doW CHEMICAL COMPANY, MIDLAND, MICHIGAN D O W
Boston « Philadelphia <« Washington =« Cleveland =« Detroit « Chicago <« Si. Louis

Houston =« San Francisco =+ Los Angeles =« Seattle

CHEMICALS INDISPENSABLE
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Liguids with volatile components are usually
stored in pressure vessels. The volatility of the
product determines the type of pressure vessel
used. For example, products that are only
slightly volatile are stored in Hemispheroids.

These pressure storage tanks are designed to
operate at a pressure slightly in excess of the
vapor pressure of the product stored. The relief
vents are set so that they will not open until the
pressure in the tank exceeds the operating pres-
sure. Instead of allowing the air vapor mixture
above the liquid in the tank to escape when tem-
peratures rise, pressure is built up inside of the
tank. Evaporation loss is prevented as long as
the pressure inside of the tank does not exceed
the operating pressure for which the tank was
designed.

Hemispheroids are built in capacities from 2,500
bbls. to 30,000 bbls. for pressures from 2y2to 5
Ibs. per sq. in. For pressure storage tanks of
larger capacities and higher working pressures
Hortonspheroids or Hortonspheres are used.

CHICAGO BRIDGE & IRON

2482 McCormick Bldg.
.3374 — 165 Broadway Bldg.
..1636-1700 W alnut Street Bldg.
Cleveland 15 ... 2253 Guildhall Bldg.
~74 North Fiftieth St.
1539 Lafayette Bldg.

Plants in BIRMINGHAM, CHICAGO and GREENVILLE, PA.

Chicago 4
Now York 6
Philadelphi

Birmingham 1 .
Detroit 26

ENGINEERING CHEMISTRY
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Isp h eb o i1d

IS made to order
for storing
slightly volatile
products

The Hemispheroid above holds 5,000 bbils.
and is used lo store isornale at 5 Ibs. per
sg. in.. The Hemispheroid at the upper
left of this page holds 12,500 bbls., is de-
signed for a working pressure of Y2 Ib.
per sg. in. and is used to store aqua am-
monia

BOMPJIINYV

Washingto 703 Atlantic BMjh
Houston 1 5639 Clinton Ojj"
..1636 Hunt »

Atlanta 3. ..2171 Healey « «
San Francisco 5 .. 1267-22 Battery Street 0o =

Los Angeles 14 1448 Win. Fo>D *
In Canada HORTON STEEL WORKS, Limited, Fort Erie, Ont.
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Nickel and its alloys prevent equipment
from wearing out under severe conditions.

<”he chemical show was held in New York recently after an

/ interruption of several years. As always, this show as-
sembled an excellent collection of equipment and products,
both durable and consumer goods.  The equipment and prod-
ucts were primarily of interest to chemists—hence the name,
Chemical Exposition. It is helpful and efficient to be able
to inspect so many different lines, so many different types of
equipment, and so many different products in one place. The
magnitude of the exhibits offered, however, presents the
problem to every chemist of attempting to absorb a reason-
able proportion of the scientific data available. It is at least
athree-hour job just to walk through the aisles and give a
casual glance to each booth. To examine them carefully re-
quiresmore than a day.

There are two methods by which one may view a show of
this size.  The popular method is to visit each booth in se-
guence, starting at the door, to give at least a brief inspection
tothe display featured, and to try to visualize the particular
field of chemistry which the wares of that booth serve. This
plan gives a complete but somewhat confused review of the
show. The second and perhaps more interesting way is to
picksome one line or phase of chemistry and follow this thread
tothose booths dealing with the subject.

To the young chemist the first method is probably the more
profitable for a limited amount of time. However, after one
hes seen many shows it seems logical to measure the progress
mece in a particular field by inspecting the show selectively
rather than horizontally. For example, after choosing cor-
rosion as an important phase of equipment designing, we
olloned the materials and methods proposed for dealing with
this factor.  As the chief material for longer life we selected
nickel. Recent applications of this valuable anticorrosion
metal were located and studied. We found that this method
%a\rrg detailed and complete data in a comparatively short

PlOfi&Uiei of M iclzd

The melting point of nickel, just below that of iron, is rela-
"y high, 1452° C. (2646° F.). The tensile strength of
annealed bars and sheets (99% Ni) is 62,000 to 75,000 pounds
Rd square inch; it can be heat-treated and cold-worked to
pve a tensile strength of 150,000 pounds. The elastic limit
oryield point is from 20,000 to 35,000 pounds for the annealed
an 110,000 to 130,000 pounds'for the heat-treated and
forked material. It is a valuable metal for the designer and

&reat factor in preventing destruction of useful equipment.

he first application of nickel to catch our eye was a special
°ncentric wire with a copper core and a pure nickel cover

My bonded together. The entire outer surface was of
tv! nic’e”>hut the wire had 73% of the electrical conduc-

.J  PUe copper, 137% of the strength of copper, and the
mstance of nickel to all corrosion. Great resistance to cor-

d bl Clutks a ..,

town

rosion at high temperatures led to the design of electrical
heaters enclosed in a pure nickel cover, for fusing, tanks of
sodium nitrate and other pure salts. Nickel is not always
used for its resistance to corrosion. It is also tough, hard,
and wear resistant. These properties were utilized in making
a relatively simple nozzle to direct a stream of water under
1400 pounds per square inch pressure. This water is used for
its powerful action in removing scale from metals and bark
from pulp logs. The force of this fast-moving stream does
a real job of scouring on everything it touches, but the nickel
nozzles withstand the wear.

Nickel has reasonably good heat conductivity. It is a
valuable metal for heat transfer under corrosive conditions
at high temperatures. Nickel tubes are available from stock
with finned or extended surface for heat exchange equipment.
Seamless drawn tubing and also lap-welded tubing are avail-
able in pure nickel with helical-coiled fins or lateral eon-
tinuous-strip fins.

A rather new application is the development of ball bear-
ings made of 100% nickel. The high tensile and compression
strength required of the small parts are well supplied by
nickel; in addition, the entire bearing withstands corrosion
of salt air, salt water, and oxidation. These useful ball bear-
ings are based on a better understanding of the heat treat-
ment and fabrication of precision nickel parts. An important
type of fabrication is finding wide economical use in the form
of precision castings of almost pure nickel. Small objects
having a somewhat complicated or intricate outer shape are
made by casting nickel in special smooth surface molds where
the material comes out in finished form. In many cases the
article requires no further machining, but in any event only
a minimum of machining is necessary. This was one of the
outstanding features of nickel metallurgy during the war.
The precision and smoothness with which nickel can be cast
in the proper mold are amazing. This type of casting is used
for the body of globe valves, special cocks, and pump im-
pellers.

A special cast nickel containing 3% beryllium deserves
mention. Fortunately the beryllium destroys none of the
corrosion resistant properties of nickel, but adds considerably
to the mechanical and physical properties. Such beryllium
nickel can be hardened up to nearly 600 Brinell hardness
number after proper heat treating. Centrifugal cast nickel
wearing rings hardened with beryllium are finding useful ap-
plications in pump propellers, shafts, thrust bearings, and
other pieces of moving equipment where corrosion resistant
properties and high wear resistance are required.*

JloAtfe-Scaiz fyieA.

Nickel is not confined to the fabrication of small pieces or
decorative coatings. Caustic soda is made in enormous
tonnage in the alkali industiy, * (Continued, on vane 70)
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and the large evaporators required for producing concen-
trated caustic solution are sometimes made of pure nickel.
Since the advent of nickel-clad steel and improved practices
in welding nickel so bonded to steel, it has been possible to
make these large vessels of 20% nickel and 80% steel. When
evaporators and other equipment of this type are finished,
only nickel is exposed to contact with the caustic. Although
there are serious differences between the physical properties of
steel and nickel, the present nickel-clad steel is sufficiently
perfected so that these large vessels give satisfactory per-
formance under severe use conditions. A similar application
is the manufacture of large rolls for heavy pressures by bond-
ing a nickel outer covering to cast iron or steel cores. This
combination permits corrosion-free rolls to have high heat
transfer iates and long life.

Another alloy widely used in ammonia oxidation equip-
ment is nickel containing 3% silicon. Its duty is twofold:
to resist high temperatures of 900° C. (1652° F.) and to fur-
nish an anticatalytic effect on ammonia-air mixtures which
inhibits decomposition of the ammonia by heat. The high
tensile strength of this nickel alloy permits small thin-wall
sections where heat transfer rates can be made rather large.

A list of a few unusual chemicals for which nickel or nickel
alloys offer satisfactory resistance shows the wide range of
useful properties this metal possesses: aluminum chloride,
chocolate, cresylic acid, fatty acids, fruit juices, levulinic acid,
nitrosyl chloride, phenol, tetraethyllead, urea, and even raw
whisky.

LOWERS COftT#

NETTCO Equipment provides fast, thorough
agitation — reduces processing costs and in-
creases production — permits your present tank-
age to handle more jobs, with increased profit.

Highly specialized stirring equipment using
standardized NETTCO parts and units can be
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An alloy containing -98% nickel and designated “Z nickel”
is used for its resistance to fatigue and high temperatures in
the manufacture of springs. This alloy can be heat-treated
to develop remarkable strength up to 2.5-4 times the strength
of structural steel. This alloy can be hardened to a Rockwell
C hardness of 30 to 45. Its use in springs results from cold
working followed by thermal treatment, which gives this
material extreme resistance to fatigue or brittleness by inter-
crystallization. After the proper heat treatment and harden-
ing, the alloy has a tensile strength of over 220,000 pounds per
square inch with a cold reduction in area of 70%. This
material is used in heavy-duty coil springs, having a diameter
of 10 to 12 inches and using a wire 1.75 inches in diameter.
The performance of these springs under many tons of load is
exceptional. The full application and usefulness of this mate-
rial are scarcely known as yet.

Nickel is used satisfactorily in applications where it is
under heavy stress, heavy vibration, and high speed at the
same time. It has been found possible to fabricate liners for
the interior of Jordan engines from special nickel alloys having
a Brinell hardness of 250. In spite of the high abrasion, cor-
rosion, and heavy stresses of this piece of equipment, nickel
has given longer life than other alloys because the only wear
is from friction without corrosion. The special application of
nickel in making wedges, expanded metal, screen cloth, py-
rometer and other instrument tubes, and protection sheaths is
almost endless.

Space is lacking to report on all of these special applications,
but this brief description gives evidence that nickel is an im-
portant element in the equipment which supplies the needs of
everyday life. Living standards improve because of the
availability of nickel. It should be conserved and used spar-
ingly in those purposes where only nickel will serve, and
should not be used for mere decorative purposes.

\Y

RAISES PRODUCTION

produced economically for a wide range of
applications — from rapid agitation of thin
liquids to very low speed stirring of viscous
NETTCO Agitating Equipment has

been serving the process industries for over

materials.

forty years. Let us know your requirements.

NEW ENGLAND TANK & TOWER COMPANY

83 Tileston Street

Everett 49, Mass.
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Experience in the process industries for
nearly twenty-five years has demon-
strated that only a LaBour Pump can
make good on the kind of job LaBours
are built to do.

. . . Ifyou need the rapid, dependable
priming for which LaBours are noted,
you can't get it without a LaBour Pump.
. . . If you need the complete absence
of packing or rubbing seal provided by
LaBour Type G, there's no substitute
for LaBour.

the labour

CHEMISTRY

If you need efficiency with an
open impeller such as LaBour delivers,
you get it only with a LaBour.

If you need vapor capacity to pre-
vent binding, one of the features of
LaBour Type Q, no other non-priming
pump can supply your needs.

Old-timers in the industry know the
truth of these facts. They are facts worth
remembering because they can save
you a great deal of time and money
when you buy or specify pumps.

company, inc.

Elkhart, Indiana, U.S. A. /"
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One of ten circular gratings each consisting @
of twenty 7-foot, 575 Ib. alloy castings, made
by B&W to extremely close tolerances.
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by B & W

.for long-run performance

vital parts of many different kinds
of refinery equipment, B&W Alloy Cast-
ings are demonstrating outstanding ability
to resist abrasion, corrosion and oxida-
tion, and to retain high strength even at
elevated temperatures.

Operating in just about every kind of
tough service, they are helping to keep
production up by keeping down costly,
time-consuming repairs and replacements.
Their long-life characteristics have been
proved over and over in service tempera-
tures up to 2000 F, and under conditions

Water-Tube Boilers, for Stationary Power Plants, for
Marine Service . . . Water-Cooled Furnaces . . . Super-
heaters . . . Economizers . . Air Heaters . . ¢ Pulverized-
Coal Equipment . . . Chain-Grate Stokers . . . Oil, Gas
and Multifuel Burners . . . Seamless and Welded Tubes
and Pipe ... Refractories . . . Process Equipment.

requiring high creep strength, consistent
with long-term stability.

B&W can supply castings in practically
any weight and shape required, and the
wide range of analyses available assure
lasting service satisfaction in any set of ad-
verse conditions in which refinery equip-
ment is operated. B&W Castings are prod-
ucts of B&W'’s own modern foundries.

Our broad experience gained in helping
to solve a large variety of problems with
B&W alloy castings, may save you time,
trouble and expense later on.
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RCA Typo emc electron microscope used by
Calco to speed textile and pigment research.

he Calco Chemical -Division,, of
e American Cyanamid Company,
s RCA desk-type electron
microscope in developing new and
"“proved dyes, pigments, and tex-
1 finishes. This remarkable in-
strurent has proved invaluable in
j company’s research on the size
an structure of particles, surfaces,
adfibers.

Magnifications of 500 or 5000
times are obtained with useful
P °tographic enlargement up to

0,000 diameters. Calco reports:

lark- € @ecfron microscope is particu-
W< suited to the study of pigments

SCIENTIFIC

R A D iO

Cc O RPORAT

Disintegrated Cotton Fiber X20,000—Calco
uses such micrographs to study fibers and
thus determine proper dyeing technique.

and insoluble dyes. For maximum hiding
power, tinting strength, and coloring
value, the primary particle size of pig-
ments must be well below the dimen-
sions that can be clearly resolved by
visual light.

"The electron microscope, utilizing
electrons instead of light waves, has a
resolving power many times that of the
ordinary light microscope, and shows
with great clarity the outlines of in-
dividual particles. It reveals not only
the shape and surface smoothness but
frequently the structure of secondary
aggregates.

"The studies which have been possible
with the electron microscope have con-
tributed materially to the development

INSTRUMENTS

10 N

E

0

M CA i ELECTRON

Vot Green Dyestuff X20,000—Crystal size and,
shape are important properties in determin-
ing suitable dyeing applications.

of pigments with improved properties
and performance.”

In an impi‘essive number and va-
riety of industries and institutions,
the RCA electron microscope is un-
covering new knowledge, speeding
research, and improving productqual-
ity and performance.

* * *

Our electron-microscope engineers
will gladly help you appraise the pos-
sibilities of the desk-type or the even
more versatile "universal” type RCA
electron microscope in connection
with your work. Write Dept. 39-D,
Electron Microscope Section, RCA,
Camden, New Jersey.

f AM E R IC A

ENGINEERING PRODUCTS DEPARTMENT, CAMDEN, N.J.
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A New Electronic
Resistance Thermometer
and Contro/ier

INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 38, No. 4

Indicates, records and con-
trols temperatures between
—100°F. and 1200°F.

Resists vibration and
shock.

Needs no careful leveling

Makes as many as four
continuous temperature
records on one chart.

T. TEMPERATURE SENSITIVE PLATINUM RESISTANCE
A Ba R'FIXED RESISTORS WSUOEWRE DRIVE MOTOR
S-SUDEW IRE

Provides a complete measuring system for each
temperature record— always connected and ready
for immediate response.

Simple a-c measuring bridge needs no battery.

Sturdy inertia-free electronic unit which keeps the
bridge in continuous balance replaces the usual
Galvanometer and its attendant mechanism for step
by step balancing.
Strikes new high in easy accessibility
.“ji and interchangeability of electronic,
--"iy 1 electrical and mechanical parts. Re-
_ — J placement parts may be obtained
as packaged units.

\ offers choice of three controls~1*
J Alr; 2-Electronic; 3. Electric, On-Off.

For details on this unusual electronic resistance
mometer, ask for Bulletin 230-A.
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<lim wide variety of measurement and control problems to

/which a particular type of instrument can be adapted is
ore of the aspects which makes instrumentation such a fasci-
nating subject. This is particularly true of certain basic elec-
trical instruments. A good example of the adaptability and
usefulness of a unit of this type is the series of instruments an-
nounced during the last year and a half by the Bailey Meter
Company, Cleveland, Ohio. They are all built around a well
designed electronic null-point indicator and balancing motor.
The first to be announced was the Pyrotron resistance-ther-
mometer temperature recorder-controller described in this
column for January, 1945 (advertising section, page 75). In that
case the amplifier and balancing motor were parts of the resist-
ance-thermometer bridge. The second of the series was the
combustibles recorder described in January, 1946 (advertising
section, page 79). This unit measures the concentration of com-
bustibles in gases by mixing an excess of air with the sample
and measuring the temperature attained by a catalytically active
filament when the gas is burned at its surface.

A third instrument basically similar to the combustibles re-
corder has just been announced. It is an automatic continuous
analyzer for indicating and recording the oxygen content of
gases. To accomplish this, a continuous gas sample is mixed
with an excess of vaporized liquid fuel. When this mixture is
burned at the surface of a catalytically active filament, the
temperature reached by the filament is proportional to the
oxygen content of the sample. This temperature is determined,
& in the case of the combustibles recorder, by measuring the-
resistance of the filament. In this fashion the same basic units
for resistance thermometer measurement and control of tem-
peratuie can be used to measure the concentration of combustible
gasesor of oxygen.

In each of the three instruments mentioned, the variable to be
Measured was made to produce a resistance change which could

recorded by the instrument. This instrument is not suitable
ormeasuring temperatures when thermocouples are the primary
cement, since they produce a voltage change instead of a re-
sistance change when subjected to a temperature change. Be-
caue of their simplicity and low cost, thermocouples are widely
used where temperature measurements of moderate accuracy are
Acquired.  Therefore, each instrument manufacturer is anxious
oinclude in his line recording potentiometers suitable for use
"i Ithermocouples. The Bailey Meter Company has solved this
problemin an interesting manner.

The electronic null-point indicator used in the resistance meas-
uring instruments described above is sensitive only to alter-
oamg current voltages. To be used as the null-point indicator
1 arecording potentiometer, it must be made sensitive to directs

urrent voltages. Other makers have achieved this end by using

* rating reed-type converters or mechanicall}' driven carbon
~crophones. Figure 1 is a schematic diagram of the device
00°Sh ky Bailey Meter Company engineers. Their converter
. oasts of two saturable core reactors and two resistors arranged

»ualternating current bridge circuit. The output of the bridge
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is connected to the same amplifier and balancing motor used in
the resistance measuring instruments.  The reactors are of special
design and Use a core material of high permeability so that the im-
dancc of their alternating current windings is very sensitive to mi-
nute fields caused by small currents flowing in the direct current
windings.

The bridge is supplied from a low voltage, 60-cycle, alternating
current source. There are two sets of direct current windings on
each reactor, one of which carries a constant bias current; and
the other the unbalance from the potentiometer. The direct
current windings are connected in such a way that a direct cur-
rent input of one polarity will set up a magnetomotive force
opposing that produced by the bias current in one reactor and
aiding that produced by the bias currentin the other. With this
arrangement the impedances of the alternating current wind-
ings of the two reactors vary in opposite directions. The al-
ternating current output voltage of the bridge is proportional
to the difference in reactance of the two reactors, and its phase
relative to the supply voltage depends on whether reactance A is
larger or smaller than B. (Continued on page 76)

INPUT

OUTPUT
A.C. TO AMPLIFIER

Figure 1. Diagram of Converter



ILLCO-WAY de ionized water

replaces distilled water

-THAT'S THE 14TH
UNIT THEY'VE INSTALLED!

In a prominent distillery, pure water is obtained
from the unit (1,500 gpli) pictured above . . . the
14th installation of i11co-way De-ionizing equip-
ment for this well-known company.

Cost of the water is 1 % to 10% of the cost of
distilled water! Similar i11co-way equipment is
furnishing pure water to outstanding industrial,
chemical, and pharmaceutical plants throughout
the country.

No fuel, no cooling water required, no periodic
dismantling for cleaning. Purity meter shows
quality of water at all times. Flow rates up to
500,000 gph.

Write for literature today!

ILLINOIS WATER TREATMENT COMPANY
852-4 Cedar St., Rocfeforc/, Illinois
7310-J4 Empire State Bldg., New York City

WATER TREATMENT ENGINEERING
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of the alternating current output
are dependent on the magnitude and polarity of the direct cur-
rent input. With this converter, the same electronic null-point
indicator and balancing motor for resistance measuring instru-
ments can be used in direct current potentiometers. The con-
vertor is unique among devices used for this purpose sincc it
has no moving parts or contacts. The standard Pyrotrons can
traverse the full scale in 10 seconds. Their minimum scale
range is 10 millivolts. The Pyrotron potentiometer may be
used with primary elements other than thermocouples for the
measurement of speed, smoke density, turbidity, color, and
vacuum. Thus the same basic instrument can be applied to a
wide range of measurements.

Moore Products Company, li and Lycoming Streets, Phila-
delphia 24, Pa., has recently put on the market the Nullmatic pres-
sure regulator. This instrument is a pilot-operated valve which
gives remarkable regulation of gas pressure even with wide varia-
tions in supply pressure and load. An increase in flow from 0.5 to
5.5 cubic feet per minute is said to decrease the regulated pressure
approximately 1linch of water when supply pressure is 150 pounds
per square inch; a change of 25 pounds per square inch in supply
pressure is said to change the regulated pressure about 2 inches of
water. Avalve of this type should have many applications in the
laboratory as well as in the plant. The makers have incorporated
it into the Nullmatic remote manual control unit used to give
accurate remote operation of air-operated valves, pneumatically
loaded rolls and presses, remote sotting of control index on auto-
matic controllers, and manual operation of automatic control
installations while the process is being started. Bulletins 401
and 402 give complete information on these devices.

Leeds & Northrup Company, 4934 Stenton Avenue, Philadel-
phia 44, has just issued Bulletin N-96-709C, entitled “For Im-
proved Clarification of Raw Cane Juice”. This publication de-
scribes the latest form of Micromax pH control which auto-
matically regulates the flow of lime as required. It is claimed
that users of this equipment are holding juice so ste&dilv to
specified pH that clarification is notably improved, less lime is
used, better settling characteristics are obtained, and boiling
house operation is improved. The bulletin includes a description
of a glass electrode assembly now available for cane sugar ap-
plications which is said to hold its calibration and be remarkably
free from maintenance requirements.

Volume 2, No. 1, of Instrumentation, a quarterly publication of
the Brown Instrument Company, Wayne and Roberts Avenue,
Philadelphia 44, has recently appeared. The first article in this
issue is a rdsumd of'the history and present status of thermo-
electric pyrometry by C. A. Vogelsang. All who are seriously in-
terested in automatic control should read the article by D. «
Eckman on “Automatic Control Terminology”. For rmutua
understanding, we must have a consistent and usable set o
terms. Another important article in this number is that by S. m
Ross on “Significance of Design in Motorized Control Valves o
the Sliding-Stem Type”. “Instrumentation of Dough and Proo
Rooms” by L. E. Cuckler and R. E. Jones, and “Instrumentation
of Annealing Furnaces” by J. P. Vollrath are -followed by 1
Refinery Instrument Maintenance” (Part 2) by Alfred Krieg, o
Socony Vacuum Oil Company, Inc. This article gives a gre®
deal of practical information on systematic maintenance of ms ru-

mentsin plantservice.
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BEDUCER

STANDARD ELBOW

SAVES WELDING
SAVES MONEY
SAVES TIME

REDUCES TURBULENCE

REDUCING WELDING ELBOW IMPROVES APPEARANCE

One weld is eliminated when the Midwest
Reducing Elbow is used lo change both direc-
tion and pipe size in a welded pipe line ... you
make only iwo welds instead of ihree. This
exclusive Midwest Filling lakes the place of
both a slandard elbow and a reducer, as shown
above. This saves lime and money, produces a
smoolher, cleaner, beiler appearing job. In
addition, lhe gradual reduction, smoolh curve
and absence of abrupl neck reduce turbulence.
Insulation is also easier.

All The advantages of Midwest Slandard Elbows
are lo be found in Midwest Reducing Elbows
. . . unusual dimensional accuracy, beneficial
effect of working melal in compression, stress
relieving, etc. Center-lo-end dimensions are lhe
same as for standard elbows with which they
are interchangeable.

This reducing elbow is one of many Midwest
Welding Fittings designed to reduce the cost
and improve the quality of welded piping. Write
for Bulletin WF-41 for complete information.

filDWESi WELDING FITTINGS IMPROVE

DESIGN AND REDUCE PIPING COSTS
' L' . vV,

ilaissd
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To Get Longer, Better
Service from Valves

R-P&C VALVE RENEWABLE PARTS

Here is detailed, step-by-
step instruction for renew-
ing, parts in all R-P&C
globe, angle, gate and
swing check valves which
have renewable parts..
Send for your free copy of
this chart.

With distributors in all principal cities,
Reading-Pratt & Cady offers a single responsible source
for practically all of your valve requirements. Moreover
R-P&C can give you the benefit of long experience toward
getting more economical service from your valves.

Reading Cast Steel Valves and Fittings » Pratt & Cady Brass and Iron Valves
d’Este Automatic Regulating Valves

Reading, Po. < Atlanta « Chicago < Denver « Detroit « Houston ¢ los Angeles « New York e Philadelphia < Pittsburgh « Portland < San Francisco * Bridgeport, Com

READING-PRATT & CADY DIVISION
AMERICAN CHAIN & CABLE

TRADE
MARK
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FLOATING DISCS, FREE TO
ROTATE WEAR EVENLY
Being free to rotate, the twin discs
cut sludges, slurries and viscous solu-

tions. Not held to one point, they
wear evenly.

Huskyring is both threaded
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This valve has what it takes to handle tough corrosive solutions.

Double rotating wedges provide drop-tight closure and long life

under severe operating conditions.

Has precision construction,

superfine machine finished seating surfaces and unique design.
Available in Aloyco 20, 18-8S, 18-8 SMo, the higher Chrome-
Nickel series, Worthite, Hastelloy, Monel and pure Nickel. If you

handle corrosive fluids or vapors, investigate this valve. Write

for circular.

WEDGE-RING FORCES
DISCS AGAINST SEATS
SEALING THE PORTS

Simple ball and socket construction

permits wedge to "take-up" any un-

evenness ond provides better metal-
to-metal contact.

REPAIR WITHOUT

DOUBLE VALVE EFFECT!
IF ONE DISC LEAKS -
OTHER CAN STILL SEAL

Should pipe misalignment, shock or
scale prevent one disc from sealing,
the other can still be "drop-tight."
Like two valves on one line!

a'd pinned to stem,
minimizing chances of loos-
eNiNg, e s

We'd metal may be de-
posited here to restore original
contact dimensions when re-
lating is required.

SPECIAL TOOLS
OR JIGS

Ball and socket provide grip-
ping surface for re-seating in
lathe.

STAINLESS STEEL
VALVES AND FITTINGS
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37,000 Specialized Tank Cars—207 Types —For

Swift, Sure, Economical Transportation

of Liquids in Bulk

GATX tank-cars—207 types from 4,000 to 12,500 gallon
capacities—haul an almost infinite variety of liquids: from
propane to port wine to pine tar. .
Strategically located offices, plants and repair shops through-
out the nation give General American the unique ability to
provide shippers precisely the kind of tank cars they want,
when they want them, tvhere they want them.
These tank cars are for rent. So, if the cargo is bulk liquid
and the problem safe, fast, economical transportation—
count on General American.

Takeyour tank car problems to our nearest office

GENERAL
AMERICAN
TRANSPORTATION

GENERAL AMERICAN TRANSPORTATION
COR PORATION

GiMfal Offlm: 135 S. la Soit» Street, Chiccge 3, HI.

DISTRICT OFFICES

New Ywk lo» Angelet New O'leom
Si. iovU Dallai Tulio
Bvffolo Hovitoo Cleveland

Seotfl* PiMibufgh

GASoyi-

CHEMISTRY

Vol.

38, No. 4



QUuASient in
There are many ways for alert manufac-
turers to utilize spent pickle liquor. L
uauteli jy. ¢J-latcU (f\. J /L ~ U

rfm disposal of spent pickling liquors has become a serious
/and difficult waste problem. Extensive'investigations have
enundertaken in an attempt to utilize this residual substance.
In 1938 the Mellon Institute accepted a fellowship from the
Anerican Iron and Steel Institute with the purpose of finding
methods for the disposal and utilization of spent pickling liquors.
Steel is pickled by both batch and continuous methods, and
auifuric acid is the most common acid used. In the batch process
tresteel product isimmersed in the acid ﬁickling bath from about
Dminutes to an hour deﬁending on the results desired. The
liquor from the batch process usually contains from 0.5-
i%free acid and 15-22% ferrous sulfate. In the continuous
press, according to Richard D. IToak of Mellon Institute, the
4d strip in the form of a coil passes through a scale breaker,
4en through an automatic welder or stitcher where a fresh coil
anbe joined to the end of the strip ahead of it. The coil next
S5 through a series of tanks containing sulfuric acid as the
pidding agent and on to rinsing tanks and dryers. The steel
dripis finally recoiled. The total immersion time is about one
fline per unit of area. The waste pickling liquor from the con-
gjn#alés method averages 4-7% free acid and 14-16% ferrous

The average total annual production of spent pickling liquor is
reported to  be about 600,000,000 gallons. To estimate the
probeble amount of both sulfuric acid and ferrous sulfate present
mthis waste from the steel industry, we have assumed :t concen-
tration of 6% free sulfuric acid and 15% ferrous sulfate. Such a
solution will have a density of about 1.56 specific gravity and
wntain about 1.45 pounds of ferrous sulfate per gallon. From
wjr data we find that 870,000,000 pounds of ferrous sulfate and
>00,000000 pounds of sulfuric acid are available in the annual
production of spent pickling liquor. Those figures fully justify
teeorganized attempts to utilize this industrial waste.

uuU uutt fytiUfyatijost

,Hie liberation of spent pickling liquor directly into a stream
pwes an unnatural color to the receiving water, although the ac-
. pollutional effect is negliq_ible compared to sewage and or-
garic wastes from industry. The free acid in such wastes also
ravat«s the situation. Treatment of the waste with soda ash
®lime to neutralize the free acid is e>§)ensive. Prolonged con-
_ "ith scrap iron will reduce the acidity, but it is desirable to
precipitate the total iron content in the spent liquor before purg-
the solution to the stream. When-lime is used for this pur-
PS>t is necessary to retain the treated solution in a lagoon to
Mmiit the settling of ferrous precipitate and the overflow of
“pernatant solution from a weir to the receiving water. The
movar °f the accumulated sludge of calcium sulfate and ferrous
o u fr°m the lagoon is a troublesome operation. The cost
o 7§77 treatment is reported to be about equal to the cost of the
im f S°Perat’on itself. Attempts to use limestone in place of
ad  econoniy have not been entirely satisfactory because the
DatT  eat‘um sulfate which forms around the limestone
tides prevents further reaction with the encased limestone.

fytiU fatia+ |

J" Dethe chemical constituents of pickling liquors are low in
situeflll0 va™le>the utilization of this waste is not easy. The
rids. \\naPPears to ke complicated by other competitive mate-
i i specific uses for pickling liquors are found, steel

P and spent sulfuric acid may also be available as rival
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materials from other industries. We have mentioned in previous
columns that utilization is best found within the plant producing
the waste. Steel mills should be constantly watching for such
possibilities. The’next best chance to find a market is in near-by
industries, since transportation costs for the waste material can
be kept at a minimum. There is often “gold in your own back-
yard” for the alert operator. For example, it is reported that
iron salts have outstanding coagulatln% properties for sewage
and organic wastes. During the next few years industry and
mun|C|i)aI|t|es will be forced to abate the pollution of streams.
It would therefore be wise for a steel mill producing spent pick-
ling liquor to keep.abreast of developments within its own locality.

Not every steel mill will find it feasible to produce the same by-
product from spent picklin? liguor. What each one manufac-
tures will depend upon the local market aiid the types of neigh-
boring industries. As suggestions we have selected a few of.the
many processes and products mentioned in the literature to
serve as a_guide in a survey of local markets for the disposition
of spent pickling liquors.

Copperas. The recover?]/ of copperas, FeS0i.7HD, from pick-
ling liquor is an established operation for a limited market in
this chemical. The. process usually consists of neutralizing the
free acid in the liquor with scrap iron, settling the liquor to re-
move suspended solids, and then evaporating and cooling’ the
solution to crystallize the copperas. After the crystals have been
separated and dried, the product contains about 45% water of
crystallization, which makes its shipment to relatively distant
Bomts uneconomical. In local areas the neutrAlized liquor can

e used most economically. Many methods have been proposed
for producing the monohydrate which contains 1.5 molecules of
water of crystallization. This product contains only about 15%
water and, therefore, can ’be shipped to remote points more
economically than can copperas. = Several processes have been
proposed for direct dehydration of copperas: (1) spray drying
of the spent liquor, (2) evaporating the pickle liquor under vacuum
until the sulfuric acid content reaches 78% (at which point the
monohydrate ferrous sulfate is insoluble), and %32 heatin? the
liquor in an autoclave with live steam to about 350° F. and filter-
ing the precipitated monohydrate without reducing the tempera-
ture or pressure.

Mellon Institute reports an ingenious process for recovering
copperas which utilizes the property of certain organic solvents
of reducing the solubility of ferrous sulfate; acetone was found
to be the most practical reagent for the purpose. Equal volumes
of spent pickling liquor and acetone precipitate about 95% of the
ferrous sulfate content of the Ii(i]uor as copperas. The acetone is
recovered by distillation of mother liquor from the separation of
the copperas, and the residue from the distillation contains all the
free acid originally present in the spent liquor. When this residue
is fortified with enough sulfuric acid to bring it to pickling
strength, it is reported to contain less than 2% ferrous sulfate.
Comparisons made with this recovered acid solution and fresh
acid pickling baths showed no tendency for the impurities to ac-
cumulate and interfere with the pickling operation. This process
may find practical application when equipment becomes more
readily available.

Sulfuric Acid. Because copperas melts in its own water of
crystallization, it cannot be used directly in the production of
sulfur dioxide for sulfuric acid manufacture. The monohydrate
lends itself readily to this purpose. Technically the process
appears to be sound, but economically the high cost of equgp-
ment and maintenance is a serious (Continued on paoe 82)



We Change
our

[ According to

What We're
FACING

W W hen we face corrosion
7 problems we eliminate them
by supplying Aerofin in non-
corroding metals or special
coatings.

And Aerofin has other "stuff on
the ball™:

"Flexitube' heating coils that over-
come strains of contraction and ex-
pansion on tubes and headers.

Non-freeze and non-stratifying heating coils.

Crown-type orifice in heating coils prevents
scale clogging.

Removable headers for guick reconditioning
where water conditions are unfavorable.

Highest practical heat transfer.

Tables and charts nationally known for
accuracy.

Engineering that fits the right eguipment to
the job.

Aerofin designs have solved cooling, con-
densing, refrigeration and air conditioning
problems as varied as the chemical industry.
Let us work on yours.

SPECIFIED BY LEADING ENGINEERS

A e r o f i n

CORPORATION

406 South Geddes St., Syracuse, N. Y.

CHICAGO . DETROIT * CLEVELAND.
NEW YORK . PHILADELPHIA
DALLAS « TORONTO

Aerofin is sold.only by manufacturers of
nationally advertised fan system apparatus.
List on request.

obstacle, particularly when no single steel mill produce!
sufficient pickle liquor to keep the minimum size sulfurk
acid plant of 100tons per day in operation continuously. Coopera
tive acid plants maintained by several steel mills have bes
deemed impractical. The re-use of free sulfuric acid, as ex
plained in precedin% paragraphs, appears to be the best solutior
for the recovery of this by-product.

Electrolytic Iron. Many investigators have attempted tr
economic production of electrolytic iron from ferrous sulfate solu
tions. Iron tubing of small diameter was produced by this proc
ess over twenty-five years ago. The tendency of ferrous ions &
oxidize to ferric ions and precipitate basic iron salts is a seiot;
obstacle in.electrodeposition. Private communications have ir
dicated that this can be overcome. An acid bath is desirable.
Powder metallurgy has overcome the inertia, and the future
show that substantial Iproduction of electroplated articles &
possible from spent pickling liquor.

Iron Oxide Pigment. This type of pigment is being produced
from pickling liquor according to reports from several places
The method used is a carefully guarded secret. A British methoo
is recorded in which scrap iron is added to the spent pidding
liquor to neutralize the free acid. The liquor is then continu
ously spray-dried into a furnace, which reduces ferrous sulfate
monohydrate to the oxide. In another process the double st
of ferrous iron and sodium sulfate is roasted to 700° C. (1292°F)
after crystallization. The total production of such pigments &
Ir_elative y insignificant compared to the vast production of pidde
iquor.

Ammonium Sulfate. Because many steel mills which po
duce pickling liquor also operate by-product coke ovens whid
make ammonia, a considerable amount of research has been dre
to find an economical process for fertilizer-grade ammonium s
fate. Several conditions make this utilization of spent pidding
liquor difficult. In the first place ammonia is usually produced I
Iar?est ¢mounts when the pickling operation is not running a
full rate. Then when the pickling step is in full swing, ammonia
is being produced at a lower rate. This lack of coordination
makes storage of the materials essential and expensive. Another
difficulty is that certain impurities in both the ammonia av
pickle liquors are deleterious to plants. These toxic inpurities
are not easily removed from the reacting materials. A third
difficulty is the expense of evaporating the large volumes a
water in order to crystallize ammonium sulfate. Possibly rer
methods can be found to overcome these obstacles, but it shoud
be remembered that the ferrous hydroxide formed is a dfficut
material to handle and its disposition will require further c&
velopment.

Mii.cella*teauA Method,

The patent literature abounds with proposed processes to
utilizing this troublesome waste material. Soluble ferric st
have been prepared as coagulants, and building blocks have ben
manufactured bY treating the spent liquor with milk of lime untto
carefuily controlled conditions and then extruding the filter
into blocks. Another interesting plan is to substitute
for gypsum in the manufacture of cement. This could becores
large outlet for ferrous sulfate; however, the color of the result™
cement is cream rather than the normal gray-white, and w
specifications for cement and the resistance of contractors wou
first have to be overcome. Recently it was reported that t
combination of copperas with activated silica gives excerent 1t
suits as a coagulant in sewage and industrial processes; ap-
ently the silica makes oxidation of the copperas unnecessary
efficient coagulation. . . t i te

Scientific ‘'men in other industries shoulcT not overtook
;])_ossibility_of utilizing spent pickling liquor in their OPera!(if

he material is available in most of the industrial centers 0
United States and provides excellent chances of recovering \a
of an organic nature.
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TO INSURE
BIGGER YIELDS

A BETTER PRODUCT

AND LOWER COSTS

n Stainless Steel equipment the

|chemica| engineer has found a
trustworthy ally in his never-ending
kettle against the destructive forces

dcorrosion. Stainless Steel, properly
cd will prolong equipment life,

»ll reduce operating costs. Will in-

aeeoutput. It safeguards product

puity and uniformity. It provides

gregter flexibility in plant operation.

Stainless Steel’s superior resistance

tbso many types of corrosives —
which no other commercial metal

@equal—is the prime reason why

inso many applications it outlasts
arer less efficient materials, re-

quirss less maintenance and on the

besis of true costs is cheapest to use.

Especially important in the manu-
facture of dyes, paints and varnishes,
intextile dyeing, and in the making
e>paper and pharmaceuticals is the
stthat Stainless Steel is impervious
o contamination and will not con-
taminate materials in process. Prac-
tically immune to stain and tarnish
& well, it introduces no foreign
flawor, color or odor that might de-
gack the product.

AND ENGINEERING CHEMISTRY

LINED Wi™ U S-S STAINLESS STEEL for greater product purity and freedom from
troubles caused by corrosion. This auto-clave, used for making quinine, operates at
a temperature of minus 140°F. and at an internal pressure of 350 pounds.

The high strength and toughness
of Stainless Steel, its greater resist-
ance to creep, to high temperatures
and pressures give it outstanding
ability to endure long, hard, continu-
ous service. Its good looks are per-
manent, they offer an incentive to
better plant upkeep which its ease of
cleaning makes possible with mini-
mum cost and labor.

U-S-S STAINLESS STEEL

PLATES < BARS < BILLETS' - PIPE - TUBES <« WIRE <« SPECIAL SECTIONS

AMERICAN STEEL & WIRE coMPANY, Cleveland, Chicago and New York
CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago
COLUMBIA STEEL COMPANY, San Francisco
NATIONAL TUBE COMPANY, Pittsburgh
tennesse COAL, IRON & RAILROAD COMPANY, Birmingham

United :ates Steel Supply Company, Chicago, Warehouse Distributors
United States Steel Export Company, New York

UNITED

STATES

All"these money-saving advan-
tages of Stainless Steel you can ob-
tain at top perfection in U-S-S
Stainless, a service-tested steel which
for years has been used by leading
users and manufacturers of chemical
engineering equipment. Our engi-
neers will gladly help you select the
grade of U-S-S Stainless Steel that
will give you best results in service.

EVERY SUNDAY EVENING, United States Steel
presents The Theatre Guild on the Air. American
Broadcasting Company coast-to-coast network.
Consult your newspaper for time and station.

STAU*

STEEL
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IS why OPERATING
and MAINTENANCE

MEN PREFER

ideal closure, this ring joint seal assembly avoids
packed joints, glands, ground joint seals, screw
unions, and all the operating and maintenance
troubles resulting from ground joint and screw
union construction.

Seating surfaces of the shell flange and fin-
tube fitting are in full view and easily accessible.
They can be wiped clean of all grit and dirt
before closing the seal,—not possible with inside
ground joint construction. The soft metal ring
overcomes any slight unevenness of the seating
surfaces,—permits tight, leak-proof closures to be
made time after time,—and assures trouble-free
operation far surpassing that offered by other
types of closures.

Vol. 38, No. 4
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BROWN FINTUBE Sectional Heat Exchangers

* Recognized by engineers everywhere as the

Enthusiastically endorsed by operating and
maintenance departments of oil refineries and
chemical processing plants, the ring joint seal
is but one of the many exclusive features only
Brown Fintube Sectional Heat Exchangers can
give you. Brown’s exclusive "one-piece” fintubes
whose high heat transfer efficiency is maintained
undiminished during the entire life of the tube,
—our exclusive non-removable rear end con-
struction, and replaceable stud bolting through-
out, are some of the others.

But send today for our fully descriptive cata-
log, and let Brown Fintube engineers, with their
long experience in this work, help you in adapt-
ing Brown Fintube Sectional Heat Exchangers
to your exact and individual requirements.

BROWN FINTUBE company

161
Satlett* i+
ft*.452 |

MANUFACTURERS OF BROWN RESISTANCE WELDED INTEGRALLY BONDED
ONE‘™M."~E F,NTUBES' AND FINTUBE HEAT TRANSFER PRODUCTS
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T OF TOTAL FLOW

J U a | RANGEABIUTY
wWITH UNIFORM CHARACTERISTICS

With this unique valve, you now can be sure that the
extraordinary sensitivity, accuracy, and dependability
of precision-engineered controllers are translated into
matching valve performance.

The unique characteristics of the Foxboro Stabilflo
Control Valve are graphically revealed in the chart
above; . . . equal increments in controller output (and
valve lift) produce equal percentage changes in flow.
Thus under constant pressure drop conditions and on a

semi-logarithmic scale, the line plotted is straight.

This achievement was made possible by two major
Foxboro developments in valve design.

C the INVERTED TYPE
MOTOR... By reversing the usual
position of diaphragm and spring,
Foxboro engineers practically
eliminate all sources oi friction in
the action of the motor. Anti-fric-
tion bearings are unnecessary.
The suspended construction of the
valve motor requires no guides.
A special flexible coupling be-
tween the valve stem and the dia-
phragm motor allows the stem to
establish normal alignment.

This self-aligning motor with its
floating action is an exclusive fea-
ture of Foxboro Stabilflo Valves.

O wide RANGE V-PORT
VALVES ... This outstanding de-
velopment corrects the common
faults of control valves of conven-
tional types. Almost any kind of
port opening can produce equal
percentage flow changes within a
limited range, but Foxboro's WIDE
RANGE V-PORT VALVE extends
the limits to the full stroke of the
motor. The greater the range-
ability possessed by a valve, the
greater its ability to handle un-
usual conditions. Hence, the SO
to 1 rangeability means that the
Stabilflo Valve insures satisfac-
tory control at all demands.

Since the success of any control system may depend as much on the
performance of the valve as on the control instrument, it will pay you

o investigate the advantages.of Stabilflo Valves.
The Foxboro Company, 40 Neponset Ave., Foxboro,

™ormatitjn.

Write foi complete

Mass., U. S. A. Branches in principal cities.

CONTROL VALVES

«0 50 60 708030100

AUTOMATIC
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Short Story on
TRIGGER CONTROL

For a.quick-
*V>0y_ tf- « reading num-
of 'he

ou

Control (now

tu ~ ' standard on all

K rdde Jfand

Portable Ex(ing««iaher«) write for
free copy bf4*page bulletin; AT)53X.

‘ft alter Kidde'& Company, Inc.';:

435,Main Street,Bcljeyille9,N» J*

Kidde

GETS TO FIRES

n . Kidde Wheeled
w Units are easy to
maneuver—pack a-ter-
rific fire-fighting punch!
50, 75 and 100-pound
carbon dioxide capacities.

Mail and Phone Orders Filled

Kidde

th e ¢ m
EXTINGUISHER ™ Wa
A NOVICE CAN USE

No special training needed to operate
the Model 15 Portable. Just aim at

the fire and pull the trigger! Same design
available in 10 and 20-pound capacities.

Mail and Phone Orders Filled

Tfit wordfr*)Gddt,* and iht Kidd* ttal ore

W alter Kidde & Company, Inc,
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wing will be-devoted, to hospital'which were distributed by un-1¢he Lehigh

faciliiics .- iKno'vji people.

Process rooms and other haz-
ardous areas can be automatically
isolated, if desired, as part of the
operation of Kidde built-in
systems. Release of the carbon
dioxide actuates trips which

allow fire doors and windows to
close. Time delay mechanisms
allow workers plenty of time

to leave before doors close.

Irodt-marif cJ Wohtr %idd* & Coerpony, Ing

435 Main Street, Belleville 9, New Jersey
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The acceptance of job evaluation systems
in the chemical industry is recommended.

A GREEMBNTS 0N wage payments are often difficult to reach be-
Pt cause there is no measuring stick for gaging the value of
different jobs in terms that both management and labor can
understand.  Although ordinary job-to-job comparison of rates
between companies In a given community or industry is still
widely used, 1t does not satisfy labor any more; for upon close
examination, the work on presumably similar jobs is usually
found to varY. This applies especially to the chemical industry
where job titles often embrace a variety of similar tasks, yet dis-
I the education, mentality, or skill required for efficient per-
formance (kettle operator, chemical mixer, coating man, etc.).
Job evaluation, often called “job rating”, is, in my opinion, the
only accurate method of measuring the relative worth of a job.
Large concerns have used this system successfully for many years.
Itis not universally employed in the chemical industry because
dfthe erroneous belief that it requires the services of an industrial
engineer who is specially trained in this field. Some job evalua-
tion progframs have been unworkable because management did
not first form a sound wage policy or make sufficient provisions
for the proper maintenance of the system. Such failures have
caused other manufacturers to believe that the system is compli-
cated or not suited to their problems.

The first steps in establishing a sound job evaluation program
atethe formation of a policy governing-future wage payments and
the creation of a job evaluatioh committee. The following de-
scription of a wage policy, intended to serve as a guide in working
out the program, brings out the factors to be considered.

A General Policy

1. The company should maintain a general wage level at least
equal to that for similar work and conditionsin the community.

2. Wages for each job should be established in relation to other
jobsin the plant, with due regard for mentality, skill, responsi-
bility, physical demands, working conditions, and hazards.

3. Avago incentive systems, where they may be fairly applied,
are considered the fairest method of rewarding individual or
group effort.

4- In using incentive systems, a fair standard of performance
should be carefully established which can be reasonably and
consistently attained. No change in such rates based on these
standards should be made unless a substantial change has been
made in conditions, materials, methods, or equipment, or
unless a general wage level change is required by economic
conditions.

5- A job evaluation program should establish the rate to be
paid each employee qualifying for a specific position. Wages
in excess of the minimum will be established in some depart-
ments by incentive systems which will permit average workers
to attain a 15 to 20% bonus.

6. The company should raise or lower the general wage scale
as economic conditions require. In case of such change’, the
relation between various job rates will be maintained in accord-
ance with the job evaluation program, and incentive or piece-
work rates will be modified only in proportion to the general
wage level change.

Payment of Evaluated Rate

1. New employees, who have no experience in the work for
which they are hired, are started at the minimum rate. After
2 months any new employee must qualify for a beginner’s job
m his department and receive the evaluated rate on that job.
In all cases the evaluated rate should be paid when the em-
ployee is able to handle the job with only routine supervision.
This training period may be shortened somewhat for rapid
learners or lengthened for slow ones, but the average should be
maintained. Intermediate adjustments may be made either
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as the employee qualifies for evaluated preliminary jobs or in
approximately uniform steps of S cents per hour, spread over
the learning period in line with progress made.

2. If the new employee is experienced, qualifies through a train-
ing period elsewhere or previous employment at this company,
and requires only routine supervision, he should be started at
the evaluated rate for the job. If the previous training is
questionable, the employee should be started at either the
general minimum or an intermediate figure, based on the de-
pai tment head s opinion of the value of the previous training.

3. The employee advanced by transfer to a higher rated position
should not be paid the evaluated wage for that job until the
approximate training period is completed, or until only routine
supervision is necessary. In considering the training period,
any applicable preliminary job periods should be included.
For example, a foreman’s position may call for 5 years of train-
ing, a considerable portion of which may be in jobs over which
he will eventually have jurisdiction.

C. Transfer to Lower Rated Jobs

1. When the requirements of a job decrease and an employee is
offered a choice of a layoff in excess of one week or a lower
rated job, his wages should be changed to the lower rating if
he remains in that job for an extended period.

2. If work runs out for a short period (less than a week) and an
employee is assigned a lower rated task instead of being laid
off, the rate of his usual job may bo maintained.

3. When an employee fails to perform a task efficiently and is
assigned a lower rated task, the rate should be immediately
reduced to that of the assigned job. The wage in the new
range should be based on merit at that task.

4. When, as part of a training program, an employee is assigned
a lower rated job even for an extended period, his rate should
not be reduced.

5. If an employee fills a lower rated job temporarily (not over 3
weeks) while the regular employee is ill or temporarily re-
assigned, his wage classification should not be reduced.

0. When an employee is temporarily assigned a lower rated job
for demonstration or teaching purposes, his wage classification
should not be reduced.

D. Transfer to Higher Rated Jobs

1. When an employee is assigned a higher rated job temporarily,
is qualified for it through experience, and handles the job with
only normal supervision, he should be given the higher wage.
His old wage should be paid when he returns to the old job.

2. When an employee is assigned a higher rated job temporarily
for training or any other purpose, is not qualified for it by ex-
perience, and requires special supervision, no increase should
be made in his wage rate until advanced qualifications are met.

3. When an employee is repeatedly assigned a higher rated job
for short intervafs, either his job should be redescribed and
evaluated, or a now job classification should be set up.

E. Handling of Several Jobs. As far as possible, it is desirable
to set up job descriptions and evaluations for normal job com-
binations. This will include assistants who fill duties of other
workers at lunch time, etc. The program provides for paying
employees for what they actually do in a proficient manner, not
for what they may be capable of doing either proficiently or in-
adequately.

F. Maintenance of Job Evaluation Program

1. Major changes in job descriptions or assignments should be
reported at once. A revised description sheet should be for-
warded to the production office. (Continued on page 88)



EVERY MATERIAL

TO EVERY
SPECIFICATION

For over fifty years Whitlock has been making coil
assemblies in every conceivable shape and of every
feasible material. The seamless nickel brine coil
shown above is a typical Whitlock product — right
in material,' thermally and mechanically sound in
design. Whitlock will design and fabricate, or make
to your own designs, process coils in the proper
material to stand up under your specific working
conditions. Ask for Whitlock coil sketch pads—
they will help with your layouts. We specialize in
engineering and fabricating coils and heat transfer
equipment for every process need. Let us know
your requirements.

THE WHITLOCK
MANUFACTURING CO.

84 South St., EImwood, Hartford 1, Conn.
New York ¢ Boston ¢ Chicago < Philadelphia
Detroit * Richmond

Authorized representatives in other principal cities.
In Canada: Darling Brothers, Ltd., Montreal
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2. All job descriptions should be reviewed annually to check for
minor but cumulative changes. Now descriptions should be
made out as required.

3. All wages should adhere to the evaluated rates.

4. All interdepartment assignments of work (not requiring
transfer slips) should be made with, careful consideration to
wage changes in accordance with the evaluation. When such
reassignments are permanent, the personnel department
should be notified.

« 5. Although the plan should be explained to any employee upon
request, and such comparisons made as are necessary to clarify
the relations between jobs, the complete manual of all job
data, wage conversion tables, policies, etc., should be regarded
by department heads and major assistants as confidential.

G. Procedure When Present Rate Is in Excess of Evaluated Rate

1. Within the ability limits of overpaid employees, an attempt
should be made to reassign them to higher paid tasks. How-
ever, such procedure should not block the promotion of more
capable employees who are not overpaid.

2. When overpaid employees leave the company’s service orare
transferred from a department, their jobs should be filled a
the evaluated rate.

3. A few jobs in the plant are paid in excess of the present
evaluated scale as a result of labor .conditions. Over a period
of years an attempt should be made to bring these rates more
nearly in line with the evaluated scale.

Job evaluation committees should include representatives of
labor. It isimportant to acquaint employees with the workings
of the new plan in order to show them that job evaluation isa
sound measuring stick.  Also when the job evaluation committee
includes employees, greater cooperation is ensured in the adoption
of the new plan. It should be clearly understood by all members
of the committee that their function is to determine the relative
worth of each job in the plant and not to form wage policies a
establish the rate scale.

To measure the relative worth of dissimilar jobs, it is necessary
to create a common denominator—the job factor. A job factor
need not be considered as a segregated portion of a job, but rather
as a certain aspect from which the job is to be viewed. The num
ber and kinds of factors to be used depend on the type of industry
where the investigation is made and on the insistence of
ment upon accuracy. The number of factors to be used will
be a compromise between the greater accuracy effected by a lage
number of factors and the greater clarity of a few. For example.

Five-Factor P lan Ten-Factob Plax

Mental effort Education
Skill Previous experience
Physical effort Training time
Responsibility Physical or mental fatigue
Working conditions Details
Quality
Resourcefulness
Versatility

Cooperation and personality
Responsibility

It is important for the job factors selected to be adequatery-c
scribed. Many an evaluation program has failed because te
committee did not issue clear explanations of factors selected.

The determination of the relative importance of selected fadtor.-
is usually a function of the job evaluation committee. A sinplf
way to establish a numerical scale is to set the maximum poirt
rating of factors in such a manner that their combined value add-
ug to 100. Forexample, forthe five-factor plan: mental effort =
12, skill = 57, physical effort = 6, responsibility = 12, wok
ing conditions = 13, total = 100.

e The determined maximum points for each factor are

divided. For skill: no skill required — 0, little skill requif®
(training time not to exceed 6 months) = 1-4, average skill -
quired étraining time not to exceed 3 years) = 5-30, high s®
required (training time over 3 years, maximum 5 years) =

However, the value of points does not rise'hr proportion tot
measurable element (in this case, time). This is because t
value of points must be adjusted so that wages will meet the P
vailing community levels. "1t is good practice to draw the cam
tions of the various factors and the established point ratings
chart form for quick reference.
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WIRE CLOTH TOWER PACKING

Section of Stedman tower packing of the triangular
pyramid type. It is made of wire cloth which is
punched, blanked and embossed to form sheets hav-
ing a regular pattern of raised pyramids, vapor open-
ings, valleys and side lip. The sheets are fastened
together by spot-welding.

Arrangement oi triangular Stedman packing sec-
tions in hexagonal casing as used in larger distilla-
l,on units. The wire most commonly employed tor
doth is 0.009" in diameter, and is woven into a
w X 70 mesh. lllustrations supplied by Foster

heeler Corp. For further information, see text.
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w it helps to achieve

accurate .fractionation

Stedman tower packing for distillation processes
combines ingenious design and construction with
the liquid film-forming characteristics of wire cloth.

The packing provides independent paths for
the flow of both liquid and vapor, yet assures inti-
mate contact of the two. Liquid continuously fol-
lows contours of the wire cloth, forms a film over
the open spaces of the screen, and seals mesh open-
ings on both top and bottom surfaces. Vapor rises
through openings provided in the packing, and
flows over and around these surfaces.

Because of its intricate construction, Stedman
packing requires wire cloth of high mechanical
strength and exceptional amenability to forming
and welding. Corrosion resistance, too, is essential
for efficient operation and long life.

Well fitted to meet those specifications are
nickel alloys. Monel wire cloth, for example, is
strong, readily fabricated, and resistant to a wide
range of corrosives. It has the additional advantage
of being lowest in cost among wire cloths of com-
parable qualities.

In achieving fractionation of high accuracy,
Stedman packing has been markedly successful.
Its ability to separate individual hydrocarbons of
99%-plus purity has been demonstrated. Its other
advantages include:

1. Low frictional loss, vital in vacuum distillation

2. Low hold-up

3. Increased efficiency through reduction of installation
height per theoretical plate equivalent

4. Increased yield of closely fractionated products

Originally a product,of Canadian research, Sted-
man tower packing has been further developed by
the laboratories of Foster Wheeler Corporation.
Their Bulletin 1D-44-2, carrying more information
on Stedman columns, may be had by writing them
at 165 Broadway, New York 6, N. Y.

And for helpful data concerning the use of inco
Nickel Alloys in the petroleum industry, write to
the address below for your copy of “Monel, Nickel
and Inconel in Oil Refining."

THE INTERNATIONAL NICKEL COMPANY, INC.
67 Wall Street, New York 5, N. Y.

NICKEL ALLOYS

TACE MAKK

JMbnel*e “ K" MONEL* « “S" MONEL* « “R” MONEL* + “KR” MONEL* « INCONEL*. NICKEL . “L” NICKEL* » “Z” NICKEL*

Keg. U. S. Pat. Off.



M A

P UR

THAT DEFEATS CORROSIO
INTAINS PRODWUZC T |/

4
ITY E I I

anks, valves and other plant equipment is easy with
the simple adaptor flanges shown below. With these adaptor
fittings you can easily discover where and how pyrex Pipe can
be used profitably in your plant.
pyrex Pipe is practical plant equipment. Its sturdiness and
serviceability have been proved by installations that have been
in operation for many years. It is the only pipe that gives you
the combined advantages of visibility, corrosion resistance and
purity maintenance. It can be installed and used with confidence.
For complete details on pyrex Pipe, write to the Industrial
Sales Department IE-3, Corning Glass Works, Corning, N. Y.

CNNECTING pyrex brand Glass Pipe to metal pipe,

VISIBILITY. The crystal clear transparency of Pyrex Pipe permits
visual inspection of every foot of your pipe line at any time. This
feature serves to forewarn you of unexpected trouble in your pipe
lines. In some cases it has saved the entire amount of the investment
in Pyrex Pipe in a single installation.

MAINTAINING PRODUCT PURITY. Pyrex Pipe is resistant
to all acids (except I1.F.) and moderate alkalis. There is no heavy
metal pick-up or danger of metallic contamination. Pyrex Pipe
lines assure the ultimate in obtaining product purity.

EASE OF INSTALLATION. Your own men can install aPyrex
Glass Pipe Line. No special tools or special training are required.

N

Ready to connecttoyourpresentequipment.

A.S.M.E. Flange Set—for Glass Lined Flango Adj
connecting glass pipe to
A.S.M.E. or A.S.A. drilled

flanges.

Tubing Ferrule Flange Set
—for connecting glass
pipe fo melal tubing or
unthraaded metal pipe.

glass pipe to glass lir
flanges.

The Pipe, the fillings and the hardware come to your installation
point ready for assembly. Stock adaptor flanges are available to
connect Pyrex Pipe to metal pipe and other plant equipment.

SIZES AND FITTINGS. Pyrex Glass Pipe is now available in
1", 2", 3" and 4". A complete line of standard P yrex fittings
includes ells, tees, return bends, laterals, and reducers. Special
fittings can be readily made to your specifications. Standard fittings
and adaptor connections are available with which to connect P yrex
Pipe to your present equipment.

tOW COST. Theinitial costofPyrex Pipe (accessories incladed)
is about the same or less than the cost of full weight copper or brass
piping in comparable sizes, and is considerably less than the cost of
most other corrosion resistant alloys. Whether you fignre costs of
new equipment in terms of inilial outlay or in terms of over-all
costs—spread over the length of service it will give you—Pyrex
Pipe is your best bet.

PRESSURES AND TEMPERATURES. Operating temperatures
as high as 250°F. are not unusual—and temperatures as high as
400°F. can be considered. Most installations operate at pressures
up to 50 p.s.i.—but pressures as high as 100 p.s.i. can be considered.

CORNING, NEW YORK

INDUSTRIAL SALES DEPT..
Corning Glass Works, Corning, "e"

Please send me 1A-2 “pPyrex Pipe” for the pProcess In*

Name.

Address.

tor Set—for connedir
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ECTIONAL CASCADE COOLER

MADE UP OF

FOUR
STANDARD
PARTS
in any of
Five
Pipe Sizes

ERE’S a cascade cooler that you can order

from stock to suit your particular process
needs. Its interchangeable sections make construc-
tion—and additions or subtractions—a quick and
easy matter.

Nine-foot-long, single-pipe "Karbate” cooler
sections are stacked to form a series flow vertical
bank. The compact joint construction makes pos-
sible close pipe spacing, and ends the need for
redistribution baffles. Also, no external supports
are necessary. Maximum effective external areas:
about 120 sq. feet in all five pipe sizes in the maxi-
mum recommended cooler height of six feet.

ifs quick and. easy to increase or decrease the ca-
pacity of your “Karbate” Sectional Cascade Cooler.

Gaskets are of synthetic rubber or of asbestos com-
position, as desired. A standard steel water distrib-
utor is mounted atop the steel tie rod assemblies.

Has many uses! Made of "Karbate” impervious
graphite material, the Sectional Cascade Cooler
is ideal for efficient cooling of almost all acids,
caustics, and organic solvents at pressures up to
75 Ibs. p.s.i., and temperatures up to 338° F. With
minor changes in applying the cooling water, gases
well above this temperature can be handled.

For engineering details on this Sectional
"Karbate” Cascade Cooler, ask our nearest Divi-
sion Office for a copy of Bulletin M-8807.

The words "National” and "Karbate™ are registered trade-marks of National Carbon Company, Inc.

NATIONAL" CARBON

COMPANY, INC.

Unit of Union Carbide and Carbon Corporation

m A

General Offices: 30 East 42nd Street, New York 17, N. Y.
Division Sales Offices: Atlanta, Chicago, Dallas, Kansas City, New York, Pittsburgh, San Francisco
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 This new folder describes new ways to protect equipment from
corrosion. It tells you about the corrosive media the H astelloy
alloys will resist; parts that can be faced with H astelioy alloy; and
procedures for facing with H astelloy sheet, plate, or welding rod.

Haynes Stellite Company
Unit of Union Carbide & Carbon Corporation

nm
General Offices and Works, Kokomo, Indiana
Chicago — Cleveland — Detroit — Houston — Los Angeles — New York — San Francisco — Tulsa

Vol. 38, No. 4
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ADrum Dryer which cuts contact time

Nt satisfied with the ordinary drum speed of 2
RPM a drum dryer was developed which oper-
aes effectively at speeds up to 20 RPM. Thus
contact time is far less than with the conventional
dryers, output is increased and substantial sav-
ings in processing costs result.

This dryer has many unique construction and

Mechanical features which permit its economical

ad efficient use on a wide range of materials

Wing different viscosities, and concentrations
solids.

May materials of liquid consistency are most
economically and profitably dried on drum
dryers. Also* there are many cases in which fine

SPORTATION

process equipment .

suspended solids, in slurry form, are more con-
veniently dried directly in one step than by
mechanical dewatering followed by a separate
drying operation.

Write today for Bulletin No. 250 which illustrates
special construction features, gives range of
sizes, etc.

CORPORATION

steel and alloy plate fabrication

SAIES OFFICE: 513a Graybar Bldg, New York 17.N.Y. 'V tA
WORKS: Sharon, Pa.; East Chicago. Ind.
OFFICES: Chicago, Sharon, Louisville, San Francisco, Pittsburgh.
St Louis, Salt Lake City. Cleveland. Orlando, Washington, D. C.
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A SUBSIDIARY OF

Because of its slight buffering effect, Cagor
readily adapts itself to the desired pH of any
operation.

As the potentiometric titration curves beloa
show, only a slight addition of acid will loner
the pH, and a slight addition of alkali will ras
the pH. Pyrophosphate and orthophosphate,
on the other hand, require much larger- anounts
of acid or.alkali to change the pH to a loner
or higher value.

This characteristic of Calgon is of particular
advantage where it is to be used in both alkaline
and acid processes in the same plant—for ex
ample in a textile plant where washing gea
tions might be carried out in a pH range of X
to 11 while some dyeing process would beine
pHrange of 3to 4. m

The slight buffering capacity also means tret
the introduction of Calgon into any exsting
process requires only minimum changes in tre
amounts of acid or alkali previously used
* The essentially non-buffering action of Cdgm

is only one of the properties which distinguish

Calgon from the crystalline orthophosphates ad
pyrophosphates. More detailed information an
its properties will be found in the “Calgon Daa
Book.’" We will be pleased to send you a oy,
and we invite correspondence concerning tre
relation of Calgon to processes in »which yau
are interested.

* T. M. Reg. U. S. Pal. Off.

i HAGAN BUIIOING

HAGAN CORPORATION PITTSBURGH 30, PA
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HEAT EXCHANGERS

For efficient heat transfer between liquids and gases, the Bell
&Gossett Company offers soundly designed equipment plus
ahelpful engineering service . . . competent, experienced and
with a long record of successful designing to specific needs.
Whether you are planning to modernize present equipment
or are experimenting with new ideas for faster production
and better quality, there is no obligation involved by a con-
sultation with B & G engineers.

B & G Heat Transfer Products can be furnished either as
separate items or as self-contained units complete with Heat
Exchangers, Pumps, Controls and other necessary auxiliary
equipment. In either case B & G equipment can be depended
uoon to handle materials efficiently and with assurance of
uniform results.

Your request for information will receive prompt attention.

Hot oil comini @om engine test blocks is cooled and
;B & O Self-Contained Cooler Unit.

B & G Type "W Centrifugal Pumps are rugged, compact units,
available with semi-open or enclosed impellers, motorsflexible coupled
or integral with pump. Sendfor Catalog CP-843*

B & G REFRIGERATION COMPONENTS

A very flexible'line of direct expansion evap-
orators, condensers, liquid receivers, combination
liquid receivers and subcoolers for refrigeration
purposes are now available. Special alloys may be
incorporated in the fabrication for those critical _
heat transfer applications when requested.

, v ’ifvrtUUm Lumponenismanu-
h

N B & G conform to the
e chay RS BELL & GOSSETT CO
Vessels. ]

DEPT. L-14, MORTON GROVE, ILLINOIS
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FORGE

There aren't any rivets to fail in this Stacey Brothers
All-Welded Panel Type Gas Holder.

That’s one important advantage of this type of con-
struction, a Stacey Brothers feature. There are others,
too—qgreater strength, more efficient operation, less
maintenance expense.

It’s reasons like these that have influenced the choice
of Stacey Brothers for tanks. The installation pictured
is typical—a 500,000 cu. ft. .All-Welded Panel Design
Wet Seal Holder.

Our experience includes more than three hundred
distinct types of tanks—any practical size or shape—
with gas holders ranging in capacities from 100 cu. ft.

up to 10,000,000. We fabricate as light as No. 16 gauge
sheet metal, and up to three inches thick.

Whether your needs are standard—or unusual—
there’s a Stacey Brothers Holder, custom built, to fit your

Vol. 38, No. 4

RIVET FAILURE HERE!

requirements. No problem is too tough for us—or tao
routine. We’ll take complete responsibility for design
manufacture and erection. That way you save hoth
time and money. We make it our business to deliver
dependable, economical holder capacity. May we sub-
mit our quotation and recommendations, based
your own specifications and drawings?

STACEY BROTHERS GAS CONSTRUCTION CO.

One of the Dresser Industries

m IRS YINE STREET CINCINNATI 1¢, 01®

TA Pi BIS



Il 1t's a TOUGH job.

ask Q /C /€

I-i+m_E\A The Mathieson Alkali

ials in order to provide more efficient distribution of
«bon Dioxide, designed a high pressure tank for liquefy-
-glyice. The process required a pressure vessel designed
*aworking pressure of 1,200 p.s.i. with a capacity of
feousand pounds of dry ice. A standard nozzle and cover
mevwould be too slow and difficult to operate in service.

IE mm The tank was designed

shsufficient diameter and height to obtain the weight of
'yice capacity desired. A special closure assembly design
‘sadopted—not only withstanding the 2,400 pound test
-ere required by the A.S.M.E. Code, but completely
j«tigt at low pressure.This involved developing a method
meldng the closure neck to the tank head with a mini-
undistortion in the precise threading of the neck. Q,C,£)
«perience and facilities long used in the manufacture of
‘A\dtank cars, processing tanks and heavy storage tanks

«e readily adapted to the construction of this special
fresure vessel.

tauare faced with a difficult manufacturing problem in
‘ffisnction of tanks or pressure vessels take advantage
"Q-Cf: advanced techniques in tank car, processing
‘ssand storage tank design and manufacture.

MTHIESON JUMBO DRY ICE LIQUEFIER

Jagthe place of 7 small liquefiers the Jumbo is the most

¢namical and convenient method of converting dry ice

foliquid carbon dioxide. A large capacity of one thous-
“Pounds of dry ice; tank is in accordance with stringent
mhE specifications and Hartford Inspection. Within ten

Jues after ice is deposited the liquefier operates at top
Cency and pressure tight performance is assured.
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Itie most Versatile Adsorbent...

ACTIVATED CARBON

Pittsburgh

Other “Pittsburgh”

Coke and Chemical Products

Activated Carbon * Benzol—Motor, Nitration,
Pure * Coke Oven Gas * Creosote < Creso!,
Meta Para * Creso!, Ortho * Naphtha, Heavy
Solvent « Naphthalene * Oleum (Fuming Sul-
phuric Acid) « Phenol < Picoline—Alpha, Beta
and Gamma < Pitch—Briquetting, Roofing,
W aterproofing < Pyridine—Medicinal and In-
dustrial *Sodium Cyanide *«Sodium Thiocyanate
* Sulphate of Ammonia * Sulphuric Acid—60°
and 66° *Tar Acid Oils « Tar Bases, Crude *Tar
—Crude and Road—Toluol—Nitration and Com-
mercial Grades * Xylol—10°, 5° and 3°.
also
Neville Coke « Emerald Coal « Pig Iron « Green

Bag Cements « Concrete Pipe * Sterling Old

Range Iron Ore « Limestone Products

Inquiries Invited

/6 U /af& O
;?e6 0 (ser< 5
O eocl/or/zes
O eco/or/zes

ly -ad flow ales
l¢lr/rfe s

C a7aly”™eb

More adaptable adsorptive qualities and physical char-
acteristics make Pittsburgh Activated Carbon the most
versatile adsorbent known. New uses are being added
constantly to the already imposing list of dividend
paying industrial applications.

Chemically stable, susceptible to controlled variety
of form and size and readily regenerated, Activated
Carbon offers present and potential opportunity for
solving problems of adsorption that were previously
impossible.

Pittsburgh Coke & Chemical Company is one of the
leading manufacturers of Activated Carbon and wes
the largest single supplier of this adsorbent for the
Chemical Warfare Service. Now concentrating on the
development of Activated Carbon for the many com-
mercial uses in both gas and liquid phases, the ex-
perience of our technical staff is at your service.

Quantity supply is immediately available. Send us
your inquiries for quotation.

Chemical Sales Division

Fittsbugh Gle &Crenicdl Gnmary

Grant Building Pittsburgh, pennsylvania
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Fiberglas H*g lu ntswere operating N oVercome con Qr ac™NS>over-
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Marglas Products: Thermal and Acoustical Insulations <« Dust-Stop* Air Filters < Yarns, Cloths, Mats and Basic Fibers
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. R ubber plantation—american style

The only three butyl ‘ruBBer plants in
existence . . . those at Baton Rouge, Loui-
siana; Baytown, Texas; and Sarnia, On-
tario . . , were engineered and built by
Stone & Webster Engineering Corpora-
tion. In view of the many specialists re-
quired for each plant’s design, erection
and ultimate operation, we also acted as
the coordinating agency.

WEum

Pictured above, unit #2, butyl rubber plant,,
Baton Rouge, Louisiana, operated by Standard Oil
of New Jersey (Louisiana Division). Largest and
first to go into operation; design capacity is 33,000
long tons of butyl rubber per year.

STONE & WEBSTER ENGINEERING CORPORATION

A SUBSIDIARY OF STONE & WCBSTER, INC.
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ON ACCURATE

When wires of different composition are placed
Incontact and heated, an E.M.F. is developed, the
vaue of which depends upon the temperature
reached. Thus, by using so-called “compensating”
leads with your Chromel-Alumel Thermocouples,
yaucreate two sources of erratic E.M.F.’s outside
tre furnace at points X and Y in the pyrometric
Vagram below.

_W COPPER

"COMPENSATING" LEADS

(-)NICKEL - COPPER V  (~)ALUMEL

DIAGRAM—A

you know, these outside thermo-electric
unctions often become extremely hot and
requently one gets hotter than the other. When
*Is occurs, the opposing E.M.F.’s generated
«ome more and more unequal, the “compen-
°Nrig leads fail to compensate for these
~Nqualities, and the resulting plus or minus error
Registered by your accurate but “misinformed”
Pyrometer.

How to eliihinate this common source of cold-
end error? How to take full advantage of the fine
accuracy of Chromel-Alumel Couples and modern
precision pyrometers? Simply use Chromel-Alumel
Extension Leads with your Chromel-Alumel Ther-
mocouples.

W CHROMEL X (*) CHROMEL
EXTENSION LEADS

(=)ALUMEL Y (~)ALUMEL

DIAGRAM—B

By eliminating the “break” at points X and Y,
you eliminate all chance of “cold-end” errors
between the hot-end of the couple and the
accurate mechanism of your pyrometers.

Remember, where accurate temperature con-
trol is important to furnace operation, use
Chromel-Alumel Extension Leads with Chromel-
Alumel Thermocouples. Ask for folder, “They
belong together.”

HOSKINS MANUFACTURING CO.

4445 LAWTON, DETROIT 8, MICHIGAN

ELECTRIC HEAT TREATING FURNACES
. WELDING WIRE
SPARK PLUG ELECTRODE WIRE

* PYROMETERS

HEATING ELEMENT ALLOYS
HEAT RESISTANT CASTINGS
SPECIAL ALLOYS OF NICKEL

THERMOCOUPLE AND LEAD WIRE
ENAMELING FIXTURES
PROTECTION TUBES
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ALCOHOLS
g i CHLORINATED COMPOUNDS
O yOu vaporize STERS
ETHERS

these Solvents? HYDROCARBONS

Any of these solvents—
alone or in combination—
can be recovered from air
with "Columbia" Activated
Carbon.

Carbide and Carbon
Chemicals Corporation
supplies complete solvent-
recovery systemsdesigned
and engineered to recover
solvents economically with
"Columbia" Activated Car-
bon. A large indoor instal-
lation is pictured at right.

These plants can recover
solvent vapors in low con-
centrations even in the

KETONES
CARBON BISULFIDE

presence of water vapor. Their efficiency is high, often better than 99
per cent of the solvent vapor passed to the adsorbers. However,
overall recoveries of solvent used vary with the vaporizing operation
and the type of vapor-collecting system. These solvent recovery plants
can be completely automatic. The investment is moderate, the recovery
expense is only a fraction of the cost of replacing the solvents. For
further information write for the booklet, "Solvent Recovery by the
‘Columbia’ Activated Carbon System" (Form 4410).

COLLMBIA

SOLVENT RECOVERY

Carbide and Carbon Chemicals Corporation

CATALYSIS

Unit of Union Carbide and Carbon Corporation

EH3
30 East42nd Street, New York 17, N.Y.

GAS AND AIR PURIFICATION
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Definitely improved both quality and life of our
product” . . . “Increased production 15% without
added labor” . . . “Greater capacity per HP con-
sumption” . . . “Test samples superior” . . . “We
rolonger have packing-gland trouble or product
contamination” . . . “No internal corrugations to
tase unsanitary conditions”. These actual quo-
tatios are typical of performance reports from
usrs of Premier Colloid Mills.

Whether the work to be done is emulsifying,
dispersing or disintegrating . . . whether the mate-
rid to be processed is liquid, paste or solid, every

reniier installation proves itself by giving con-
sistently successful results. Finer particle size is an
Irportant factor in finer products. Moreover, com-
pulsory treatment of every particle assures uniform
standards of quality. A partial list of fields which
anefited from these results:—

Adhesives, sealing compounds; asphalt emul-

sions; ceramic colors; coating and waterproof-
Ing emulsions; cosmetics; foods and bever-i

PREM
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a / SBRcw &t & o&/d

ftfm ft'ic iten icn fo a /te

IER COLLOID M ILL

ages; oil emulsions; inks; leather finishes;
latex (synthetic and natural) ; lacquer emul-
sions; lubricating oils, greases; pigment dis-
persions; organic chemical dispersions;
paints, lacquers, varnishes; paper coatings,
fillers, waterproofing; pharmaceuticals; plas-
tics, resins; polishes, waxes; rubber com-
pounds; textile finishes. (Special laboratory
models are available for research work.)

Where a new process is involved and performance

data

desired, a test run may be arranged. Premier

Mill Corporation, Factory and Laboratory, Geneva,
N. Y.; General Sales Offices, 110 East 42nd Street,
New York 17, N. Y.

Descriptive Literature on Request



INDUSTRIAL AND ENGINEERING CHEMISTRY

send for
slide-rule on product identification
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IVEYERCORD DECAL NAVEPLATES

Don’t let unusual surfaces deprive your
product of the smarter effect and lower cost
of Decal nameplate identifications. Send for
Meyercord’s new Nameplate Selector and
see how scientifically produced Decal name-
plates can take the toughest surfaces in their
stride. There’s a Meyercord Decal for every
surface, from standard Kwik-Ways to highly
specialized types resistant to acid, abrasion,
temperature extremes, moisture—for appli-

Sniay t&e

cactA

cation on any shape or kind of commercial
surface. No rivets, bolts or screws required.
They can be produced in any size, design or
number of colors. And they last.

Let the hew Meyercord Decal Selector
help you specify the right Decal for product
trademarks, instructions, patent data or dia-
grams. It’s another Meyercord service that
is yours on request. Write for one today. The
supply is limited. Address Dept.90-4. (™

3<utct& / /| *Nert% 1

® ¢C

5323 WEST

World's Largest Decalcomania Manufacturers )
CHICAGO

LAKE STREET e o F

44,

ILL!

NO IS
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Nash Air Compressors furnish clean compressed air, free from dust, heat or oil.
Nash Compressors perfectly meet the need for clean compressed air in transferring
beer or wort by pressure displacement, for maintaining pressure displacement, and
for supplying clean compressed air to bottling machines.

Nash Compressors furnish clean air without supplementary filters or air washers.
They are simple, efficient and economical. One moving part, rotating on ball bear-

ings. No internal wearing parts in metallic contact, and no internal lubrication. Ask
for Bulletin D-236.

NASH ENGINEERING COMPANY
SOUTH NORWALK, CONNECTICUT/ Uu. S. A.
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Fig. 150— 150-pound Bronze
Globe Valve with screwed
ends, union bonnet and re-
newable composition disc.

Fig. 241— 125-pound Iron Body Bronze
Mounted Globe Valve. Flanged ends, out-
side «screw rising stem, bolted flanged
yoke and regrindable, renewable bronze
seat and disc. Also available in All Iron
for steam and water lines.

Fig. 190 — 150-pound Iron
Body Bronze Mounted
“lrenew” Globe Valve with
screwed ends, union bonnet
and regrindable, renewable
A wear-resisting "Powellium"
seat and disc. Also available
in All Iron for steam and wa-

ter lines.
Fig. 386—200-pound Bronze Gate Valve Fig. 1793— 125-pound Iron Body Bronze Mounted
with screwed ends, outside screw rising Gate Valve. Flanged ends, outside screw rising
stem, screwed-on yoke and bonnet, re- stem, bolted flanged yoke, bronze seat rings and
newable, wear-resisting "Powellium" taper wedge solid disc. Also in All Iron for steam
seat rings and taper wedge solid disc. and water lines.

FOR 100 YEARS, Powell has been concentrating on making
valves—and valves only—to meet the ever-changing de-
mands imposed by the amazing progress of American Indus-
try. And through these years Powell has built up a notable
line of Bronze and Iron Valves of all types-and many designs.
This line is so complete that today there’s a Powell Bronze,
Iron Body Bronze Mounted or All Iron Valve for every
service in which these valves are applicable.

These, together with a complete line of Cast Steel Valves
and all types of Valves for Corrosion Resistance, make up
the Powell Line of Valves for the Chemical and Process In-
dustries. The Corrosion Resistance Line includes many spe-
cially adapted patterns and is available in the widest variety
of pure metals and special alloys ever used in making valves. iy <50 125-pound sron»

Gate Valve with screwei

The Wm. Powell Co., Cincinnati 22 ,Ohio ends, inside screw rwe

stem, screwed-in bonnet a
DISTRIBUTORS AND STOCKS IN ALL PRINCIPAL CITIES either taper wedge solid

double disc.



Chemical plant operators present the
most difficult problem to the pump
manufacturer. The liquids they pump
are frequently corrosive, often gritty,
sometimes effervescent. In addition,
they have temperature problems. On
the favorable side, when they find
equipment which gives satisfactory
service, they are very loyal to it

The chemical field is a very special
one for Buffalo Pumps, Inc. In fact,
it provides a very large portion of
our total business. Naturally, we
have concentrated our attention on
the development of pumps for this
field.

Buffalo Class "CS" and "CLn pumps were
specially designed for chemical service.
Solid shell, single suction types, they are
husky, efficient and practical. Full ball
bearing design, with heavy shaft, extra deep
stuffing box, gives them continuous-service
stamina. Superior rotor design gives high
efficiency. Hundreds are in service.

in 982 gives complete details on these and other types for chemical plant service. Write

‘Qyour copy.

BUFFALO PUMPS, INC.

153 Mortimer St.

Buffalo/ N. Y.



108

INDUSTRIAL AND ENGINEERING CHEMISTRY

This TCC unit of the Tide Water Associated Oil Go., in
Bayonne, NrJv was placed on stream May [2, 1945,
On last January Tth, it was shut down for inspection
and minor repairs, having run 240 straight days at full
capacity, charging a variety of;five stocks.

After an eleven day “turnaround,” this TCC unit
resumed production of catalytic gasoline and is daily
setting new records of on-stream efficiency. Itprovides
another example of these notable TC C advantages:'

B high percentage of on-sfream time
i flexibility ;of operation

-8 Tow investment cost

v low operating cost

§ohigh liquid recovery

i high quality and yield of gasoline
vostability of products

F OO FRETEEEIG FEH I 10
WILMINGTON) DELAWARE

New York Office: 115 Broadway, New York 6
Houdry Catalytic Processes and the TCC Process are available
through fhe following authorized firms:

E. B. BADGER' & soks CO. THE LUMMU5 COMPANY

Boston, Massachusetts New York City, New York

BACHTEL-McCONE CORP. w
L j Llos Angeles, Calif.

Vol. 38, No. 4
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Longer life, higher

efficiency, and ultimate

economy are characteristic of

Vinyon fiber filter fabrics. Perfected

and developed through careful field studies Vinyon fabrics are

now solving many problems in the filtration of mineral acid and alkali
solutions. Subject always to certain heat limitations, Vinyon is
highly resistant to corrosive fluids. We'll gladly discuss

Vinyon's application to your filtration problems.

*Reg. Trade Mark C & C.C.C.

Wellington sears company

SELLING AGENTS

65 WORTH STREET, NEW YORK 13, N. Y.
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PROCESSING PROBLEMS are simplified by
VAR IETY using MALLINCKRODT-STANDARDIZED Stcear—

ates—whether in lubricants, paper coatings,
paints and varnishes, water repellents, cos-
metics, pharmaceuticals, or to modify other
colloidal systems.

IN TYPES AND GRADES

UNIFORMITY

You'll find variety combined with rigid uni-

IN COMPOSITION formity in the MALLINCKRODT STANDARD-
AND HIGH QUALITY IZED Line.
PrePerties
Cosmetics
's°0p for

|\/J°LL||\U<R(DT CHEMICAL' WORKS

o fiFelvice

Mallinckrodt St., St. Louis 7, Mo 72 Gold St., New York 8, N.
CHICAGO PHILADELPHIA LOS ANGELES . MONTREAL



Insecticides

Bleaches

Paints

Alcoholic Liquors

Waxet The quality of its basic materials is a vital
matter to any industry. Equally important is the "quality” of
its processing. That is why so many leaders in so many types of

| industry select Sperry Filter Presses. Why they call upon Sperry

f to design special equipment for their particular filtration require-

Perfume ) ments. They know that "Filtration by Sperry” means the best
filtration that science can achieve.

For over 50 years Sperry has been employing the finest engi-

neering brains to study filtration problems. To design and

Send today for this  manufacture filter presses to meet all the steadily increasing and

FREE Sperry booklet . e - . . .

- diversifying needs of industry. Whatever your filtration prob-
containing valuable ] )
lem, you can depend upon the experience and skill of Sperry

data and charts on
industrial filtration. engineers to solve it.

D. R. SPERRY & COMPANY, batavia, Illinois

Filtration Engineers for Over 50 Years

Western Sales Representative

Eastern Sales Representative B. M. Pilhashy
Henry E. Jacoby, M. E. 1033 Merchants Exchange Bldg.
«42nd St., New York City 17, N.Y. 5an Francisco 4, Calif.

Phono: MUrray Hill 4-358) Phone Do 0375
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e Ranging from 30" to 120" in diameter, and
from 8" to 90" in length, Bartlett-Snow Style J
Dryers are ideally suited for drying awide variety
of sulphates, phosphates, acetates, nitrates, and
other fine chemicals, pharmaceuticals, sugar glu-
cose mixtures, etc., that would be damaged by
exposure to high temperatures, or direct contact
with the products of combustion.

Frequently these dryers are of stainless—stain-
less-clad—nickel-clad—monel lined or aluminum
lined construction. They sometimes have totally
enclosed screw feed and discharge conveyors,
especially if the material is fine or powdery,—and
are sometimes supported on a self-contained and
adjustable steel frame so that the slope of the

dryer can be varied over a wide range, permitting
a single equipment to meet the requirements of
drying a wide variety of different products.

Style J dryers can be operated either parallel
or counter-flow. They can be fitted with knockers
to prevent damp material from adhering to the
interior cylinder walls, if necessary. They are
ideally suited for "2 stage” drying, and can
maintain close pressure balance with the ambient
atmosphere. But send for a copy of our Bulletin
No. 89. It gives complete details about Bartlett-
Snow dryers, coolers, calciners, autoclaves, kilns
and other heat processing equipment—and con-
tains much technical data of interest to engineers
and operating men.

e C. 0. BARTLETT &SNOW

6207 HARVARD AVENUE
Engineering and Sales
DRYERS . CALC1INERS .

Represe ntaiives in
KILNS .

e CLEVELAND 5, OHIO
Principal Cifies

PRESSURE VESSELS

* COMPLETE MATERIAL HANDLING FACILITIES TO MEET-ANY REQUIREMENT
ONE CONTRACT « ONE GUARANTEE OF SATISFACTORY PERFORMANCE < UNIT RESPONSIBILITY

Vol. 38, No. 4
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Announcing

PHYSICAL CONSTANTS
OF HYDROCARBONS

Volume IlII—Mononuclear Aromatic Hydrocarbons
by Gustav Egloff

Director of Rese*reh, Universal Oil Products Co., Research Laboratories, Chicago, 111
American Chemical Society Monograph No. 78

Organic research chemists, development engineers, and physical chemists in the
many industries in which aromatic compounds are involved -will find this volume
of critically evaluated data a noteworthy and highly useful addition to the literature.
It will be indispensable to workers in the petroleum and related fields and also to
those in the coal tar, dye, pharmaceutical and synthetic chemical industries. This
monumental series, of which this is the third volume, will also be of prime interest
to technical librarians, professors of chemistry, and advanced students specializing
in organic synthesis.

The organization of Volume |11 is the same as that of the two preceding volumes.
The name and structural formula, together with melting point, boiling point,
density and refractive index values as determined by numerous investigators at
widely difierent atmospheric pressures are given for all known compounds whose
chemical nucleus consists of a single benzene ring. Ideal values as selected by the
author are indicated for each compound on which a large number of determinations
is reported. The material is copiously documented; additional thermodynamic
data are presented when available.

674 pages $15.00
TABLE OF CONTENTS

General Introduction VIIl. Terphenyls and Their Aliphatic Deriva-
Preface tive»
I. Introduction Three Phenyl or One Phenyl and One

Biphenylyl Substitutions on Aliphatics

Il. Benzene and Its Aliphatic Derivatives
X. Terphenyls with Alicyclic Substitutions

tJU. Benzene with Alicyclic Substitutions

1V. Biphenyl ,,d I,. AUph.tie D .ri.a,jv,, XL
V. Two Phenyl Substitutions on Aliphatics . . .
XI1l. Quatraphenyls andTheir Aliphatic De-
V1. Biphenyl with Alicyclic Substitutions rivatives
VII. Two Phenyl Substitutions on Alicyclics XI1Il. Four Phenyl, Two Phenyl and One Bi-
or Alicyclicaliphatics and Alicycliphenyl phenylyl, or Two BiphenylylSubstltu-
Substitutions on Aliphatics tions on Aliphatics

Other volumes in this Hydrocarbon Group:
Volume I —Paraffins, Olefins, Acetylenes, and Other Aliphalic Hydrocarbons

416 pages $9.00
Volume I1—Cyclanes, Cyclenes, Cyclynes, and Other Alicyclic Hydrocarbons
608 pages $12.00

Volume IV —Polynuclear Aromatics, Volume V—In Preparation.

Sendfor Our 1946 Book Catalog, “Let’s Look It Up”

REINHOLD PUBLISHING CORP.

330 West 42nd Street
New York 18, N. Y.

Also publishers of Chemical Engineering Catalog, Metal Industries Catalog, Materials and Methods, formerly, Metals and Alloys,

and Progressive Architecture, formerly Pencil Points.
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e Ranging from 30" to 120" in diameter, and
from 8' to 90" in length, Bartlett-Snow Style J
Dryers are ideally suited for drying a wide variety
of sulphates, phosphates, acetates, nitrates, and
other fine chemicals, pharmaceuticals, sugar glu-
cose mixtures, etc., that would be damaged by
exposure to high temperatures, or direct contact
with the products of combustion.

Frequently these dryers are of stainless—stain-
less-clad—nickel-clad—monel lined or aluminum
lined construction. They sometimes have totally
enclosed screw feed and discharge conveyors,
especially if the material is fine or powdery,—and
are sometimes supported on a self-contained and
adjustable steel frame so that the slope of the

dryer can be varied over a wide range, permitting
a single equipment to meet the requirements of
drying a wide variety of different products.

Style J dryers can be operated either parallel
or counter-flow. They can be fitted with knockers
to prevent damp material from adhering to the
interior cylinder walls, if necessary. They are
ideally suited for "2 stage” drying, and can
maintain close pressure balance with the ambient
atmosphere. But send for a copy of our Bulletin
No. 89. It gives complete details about Bartlett-
Snow dryers, coolers, calciners, autoclaves, kilns
and other heat processing equipment—and con-
tains much technical data of interest to engineers
and operating men.

e C. 0. BARTLETT & SNOW co.

6207 HARVARD AVENUE
Engineering
DRYERS .

and Sales
CALCINERS .

Represe ntalives
KILNS .

 CLEVELAND 5, OHIO
in Principal Cities

PRESSURE VESSELS

. COMPLETE MATERIAL HANDLING FACILITIES TO MEET ANY REQUIREMENT
ONE CONTRACT « ONE GUARANTEE OF SATISFACTORY PERFORMANCE < UNIT RESPONSIBILITY

Vol. 38, No. 4
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Announcing

PHYSICAL CONSTANTS
OF HYDROCARBONS

Volume IlII—Mononuclear Aromatic Hydrocarbons

by Gustav Egloff

Director of Research, Universal Oil Products Co., Research Laboratories, Chicago, Ill.
American Chemical Society Monograph No. 78

Organic research chemists, development engineers, and physical chemists in the
many industries in which aromatic compounds are involved will find this volume
of critically evaluated data a noteworthy and highly useful addition to the literature,
it will he indispensable to workers in the petroleum and related fields and also to
those in the coal tar, dye, pharmaceutical and synthetic chemical industries. This
monumental series, of which this is the third volume, will also be of prime interest
to technical librarians, professors of chemistry, and advanced students specializing
in organic synthesis.

The organization of Volume 11l is the same as that of the two preceding volumes.
The name and structural formula, together with melting point, boiling point,
density and refractive index values as determined by numerous investigators at
widely different atmospheric pressures are given for all known compounds whose
chemical nucleus consists of a single benzene ring. Ideal values as selected by the
author are indicated for each compound on which a large number of determinations
is reported. The material is copiously documented; additional thermodynamic
data are presented when available.

674 pages $15.00
TABLE OF CONTENTS
General Introduction VI1Il. Terphenyls and Their Aliphatic Deriva-
Preface tive»

IX. Three Phenyl or One Phenyl and One

I. Introduction
Biphenylyl Substitutions on Aliphatics

Il. Benzene and Its Aliphatic Derivatives
X. Terphenyls with Alicyclic Substitutions

I1l. Benzene with Alicyclic Substitutions

TV H . n o X1. Three Phenyl or _One Pheny| and One
1V. Biphenyl and Its Allipjhatic Derivatives Bpphenyryel élubstitu ions onyAllacycIics
V. Two Phenyl Substitutions on Aliphatics VXW | Quatrap’henyls and TheirAliphatic De-
V1. Biphenyl with Alicyclic Substitutions rivatives
VI1I. Two Phenyl Substitutions on Alicyclics XI11l. Four Phenyl, Two Phenyl and One Bi-
or Alicyclicaliphatics and Alicycliphenyl phenylyl, or Two BiphenylylSubstitu-
Substitutions on Aliphatics tions on Aliphatics

Other volumes in this Hydrocarbon Group:
Volume | —Paraffins, Olefins, Acetylenes, and Other Aliphatic Hydrocarbons

416 pages $9.00
Volume I 1—Cyclanes, Cyclenes, Cyclynes, and Other Alicyclic Hydrocarbons
608 pages $12.00

Volume IV —Polynuclear Aromatics, Volume V—In Preparation.

Sendfor Our 1946 Book Catalog, “Let's Look It Up”

REINHOLD PUBLISHING CORP. SL'SZtZ?.

publishers of Chemical Engineering Catalog, Metal Industries Catalog, Materials and Methods, formerly, Metals and Alloys,
and Progressive Architecture, formerly Pencil Points.
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A clear, high boiling water-white liquid used widely as a modi-
fying agent and plasticizer with natural and synthetic resins as
well as with certain synthetic elastomers.

Specific Gravity 1.047 to 1.049 at 20°C/20°C

EsterValue, 4 Hour Heating

Period on the Steam Bath. 99% by weight minimum

Acidity, Free Acid as

Phthalic Acid 0.01% by weight maximum

Color W ater white

Odor Substantially none

W ater Miscible without turbiditywith 19

volumes of 60° A.P.l1. gasoline at 22°C

Appearance Clear and free of suspendedmatter
Availability Tank cars, 50-55 gallon non-

N. returnable steel barrels and/

\ small containers.

THE BARRETT DIVISION

ALLIED CHEMICAL & DYE CORPORATION
40 Rector Street, New York 6, N. Y.

In Canada: The Barrett Company, Ltd.,, 5551 St. Hubert Street, Montreal, due.

Vol. 38, No. 4
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oNLY G-R BUILDS

THIS WIDE VARIETY

CF HEAT TRANSFER
APPARATUS

SHELL and BARE TUBE
Hiaters, Coolers, Condensers,
Heat Exchangers

G-FIN
Longitudinal-finned elements
for greater heat conductivity

K-FIN
Helicoi-flnned elements
for vapors and gases

bentube sections
yMi scale-shedding elements
for hard or salt woter

tubeflo SECTIONS
Non-dogging design for
»Wwum and other dirty fluids

INDUSTRIAL AND ENGINEERING CHEMISTRY

VANEASES-

vantages.

THE MOST WIDELY USED
HEAT TRANSFER APPARATUS!

This is a broad statement to make, but it is backed up by the fact
that more than 40,000 Twin G-Fin Sections are being used by over
800 concerns for a greater variety of services than any other design
of heat transfer unit.

21 Features are responsible ior this remarkable success of the
Twin G-Fin Section. To mention only a few: great adaptability,
interchangeability, freedom from leakage, sturdiness, convenience
of handling, ease of cleaning, low maintenance expense. You'll find
a detailed description of the Twin G-Fin Section—showing all its
features and advantages—in our Bulletin 1613. Send for it today!

THE CRISCOH-RUSSELL CO.
285 Madison Ave., New York 17, N. Y.

GRISCOM-RUSSELL
TWIN G 'FlN SECTION

*TA e fynlueAAcU «Jiéat & *cliG *U feSi
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You can’t wait to “write for samples” when you have an experiment
under way. So send for samples of Alorco Aluminas now, to have ready
on the shelf. We’'ll gladly send a pound or a hundred pounds; yes, a ton.
if the job’s real “hot”.

Alorco Aluminas are being employed in the preparation of catalysts,
as carriers and auxiliary catalysts, and used by the petroleum, rubber,
and other chemical industries. They’re serving to dry air, gases, and
many organic liquids in processes where DRYness is all-important. Chemical
companies use various Alorco Aluminas as the base material from which
to make many products.

Name the Alorco products you’d like to have on the shelf, and we'll
send you those samples. Call the nearby Alcoa office, or write ALUMINUM
ORE COMPANY, 1911 Gulf Building, Pittsburgh 19, Pennsylvania.

IDIARY OF ALUMINUM COMPANY OF AMERICA:
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DESIGN <« ENGINEERING « CONSTRUCTION

This grain alcohol and feed extraction plant typifies the
thoroughness and advanced thinking which are so evident in
the process projects handled by the Chemical Division of
J. F. Pritchard and Co.

Inspect a few Pritchard-built projects in any phase of the
chemical processing fields to understand the full meaning of
“Pritchard Plants Produce Profits.” Theyre PLANNED so,
in every detail. From drafting room to completion, seasoned
staffs are -alert to the owner’s objectives. Well versed in
standard practices, familiar with new trends and having sound
ingenuity of their own, these men are experienced in production
of organic chemicals, in production and processing of gases,
in drying and evaporation, in liquid dehydration and purifica-
tion, in fermentation and distillation processes and in related
chemical operations.

This broad experience is augmented by that of the- other
Pritchard divisions serving the Petroleum, Natural Gas, Power
and Refrigeration Industries.

See Sweet’s Industrial Files, Chemical Engineering
Catalog, Refinery Catalog, ASH&VE Guide, ASRE
Databook, or write for specific information.

CHEMICAL DIVISION « FIDELITY BLDG. « KANSAS CITY 6 MO
O

ENGINEERS « CONSTRUCTORS
for the CHEMICAL, PETROLEUM, GAS & POWER industries

HOUSTON, TULSA. PITTSBURGH, CHICAGO, NEW YORK, DETROIT, ATLANTA, DENVER
um «YRUP DRYER SAIT LAKE CITY EIPASO OMAHA 1OS ANGEIES MPYirnriTveti



Wheelco "Electronic Control Princi-
ple” pyrometer controllers have long
been outstanding in speed, simplicity
and serviceability.

Now, a further development of the
electronic control principle—the new
Wheelco MULTRONIC Capacitrol—
adds further flexibility, to meet a mul-
titude of applications requiring in-
stantaneous, accurate indication and
control of temperature, voltage, cur-
rent, signaling and similar variables
in process industries. The new MUL-

Capacitrol pyrometer controller* ...

Indicating pyrometers__ Program controls |

MULTI-POSITION

ELECTRONIC

PYROMETER CONTROLLER

TRONIC Capacitrol provides' 1)
Conventional on-off control at one or
two different points, or 2) Control of
two separate fuel systems on a single
pot or other heat-treating type fur-
nace, or 3) Automatic positioning
control for electric, oil and gas-fired
equipment, or 4) On-off control plus
automatic fuel shut-off, or 5) Multi-
signalling at two points or two
signals at dual points.

Two "Electronic Control” circuits
(no mechanical contact) operate in

The independ-
ent coils, each
mounted on its
own setting in-
dex.

The indicating
pointer, the free
motion of which
is not hampered
by the control
systems at any
time.

Flame-otrol combustion safeguards ...

harmony with each other, but inde-
pendently, to control the variables as
measured by an accurate indicator
(featuring alnico magnet), providing
instantaneous action and more ac-
curate results than are possible with
mechanical balancing or pneumatic
type controls. Bulletin No. D4-2 gives
complete details. Ask for your copy.

WHEELCO INSTRUMENTS

COMPANY
851 W. Harrison St., Chicago 7, llL.

and all ggccMWA"11
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When steel plates are pickled, prior to galvaniz-
ing, in 10% sulphuric acid at 180° F., corrosive
action is severe. The tank shown above is lined
with a double course acid-brick, laid entirely
with Penchlor Acid-Proof Cement, which gives
corrosion protection and also withstands the
physical abuse resulting from submerging and
withdrawing steel plates in this solution.

PENCHLOR

Reg. U. S. Pai. Off.
Acid-Proof Cement

«eesets quickly, reducing construction delays.

Itis a self-hardening sodium silicate type cement

and has exceptionally long life, as proved in hard
service and under severe acid conditions. It is

Special Chemicals Division

PENNSYLVANIA $M T

u falc Turing co®m pany

1000 WIDENER BUILDING, PHILADELPHIA 7, PA.
ST; tOUIS < PITTSBURGH < CINCINNAT

* wyandotte * tacoma

CHICAGO .

Minneapolis

Typical construction of

tanks wused by "The

Nation’s largest hof-dip-

galvanizing shop.”!

unaffected by all acids—hot or cold—dilute or
concentrated—except hydrofluoric acid.

Penchlor Acid-Proof Cement, used as a mortar,
adheres strongly to brick, steel, glass, lead,
rubber, and asphalt. Write today for further
information.

OUR LONG EXPEREENCE WITH CORRO-
SION PROBLEMS QUALIFIES US TO OFFER
OUR RECOMMENDATIONS IN A WIDE
VARIETY OF CONSTRUCTIONS. WRITE US
ABOUT YOUR PROBLEM—NO OBUGATION t

SPECIAL CHEMICALS DIVISION PRODUCTS
Acid, Alkali, and Solvent proof Cements « Lead Fluoborafo
Concentrates « Ftuoborlc acid < Acid, Alkali and Solvent
Emulsion Type Cleaners * Paint Strippers » Pickling agents.

SPECIAL CHEMICALS DIVISION
PENNSYLVANIA SALT MANUFACTURING COMPANY
Dept. IEC, 1000 Widener Bldg., Philadelphia 7, Pa.

Acid-Proof Cement.
NAME

TITLE

COMPANY.
ADDRESS___

e —

I would like to have a free copy of your booklet No. 6 on Penchloi
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*Protect fluid conveying Syster
against vibration and shock, and you’ll save c
both repair and replacement costs, avoid expei
sive delays. For over 30 years Barco FlexibleJoini
have been doing exactly that. By means ofrespoi
sive movement, Barco compensates for expansio
and contraction, absorbs the destructive effect
vibration and impact. Write for detailed eg
neering data. Barco Manufacturing Co., Not Inc

1823 Winnemac Avenue, Chicago 40, lllinois

B M\ R C O rrexiete JOINTS Mooy

a swivel and ball joint

u'ith rotary motion
and responsive move-

FREE ENTERPRISE —THI CORNERSTONE OF AMERICAN PROSPERITY ment through eveo™ W

"M OVE IN EVERY DIRECTION"
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1
C hoose th e H oo ker C lo rin a tin g | g e n t
th a t B e st F ts F our P rocessS unan
Whatever method or type of reaction you
want to use to introduce chlorine into organic and in- HOOKER RESEARCH Presents
organic compounds you can select the one best suited
to your operations from Hooker Chlorinating Agents. tetrapmenyl tin
Seven Hooker chemicals listed below are available for (CeBy* Sn
chlorinating. Their application is so widespread that Thi Hooker Chemical i Imost odorl
; ; is new Hooker Chemical is an almost odorless,
we can qnly tOUCh-bneﬂy here on a few of their uses white to light tan, crystalline, free flowing powder
In organic synthe5|s.
oaoon(5fent tller, na StabI|II Melting Bomt is
. . 228 =x.0'C an t 424°C.
CHLORINE, CIZ2 readily enters into SULFUR posmon in glass at b0|I|ng point occurs very
addition and substitution reactionswith  p|cHLORIDE, slowly. It is soluble in ethyl alcohol, insoluble in
many types of organic compounds. With SCI2 is used as a water. Among its suggested uses and applications
aromatic hydrocarbons chlorine is chlorinating agent and are as an 1jCI scavenger for use with stabilizers in
widely used for the chlorination of both in these reactions may chlorinated compounds, as a preservative for
side chains and nucleus of the compound be considered the mineral oils and as a reagent in chemical synthesis.
by the use of the proper catalyst. Chlo- equivalent of chlorine Hooker Technical Date Sheet 783 containing addi-
rine is also widely used in reactions with dissolved in _sulfui- tional physical and chemical data is available,
i i i i . bamples will also be furnished to those interested
acetic acid, nitro compounds, sulfonic  monochloride. It reacts when requested on business letterhead.
acids, esters and ethers. Hooker Liquid with sodium salts of q
Chlorine made in the Hooker “S” cell organic acids to pro-
conforms to the high standards of the duce acid anhydrides.
industry.
HYDROGEN CHLORIDE, IIC,the 23513 and SUL FUR D1 H LORIDE
anhydrous gas is used to form alkyl SCI2 are used in metallurgy to chlorid-
chlorides through reaction with alco- ize sulfide ores. They react with un-
hols, ethers and unsaturated hydro- oy ated hydrocarbons  introducing
carbons. It reacts with organic acid an- gtyr or chiorine, or both in the mole-
hyd”gﬁls t(_)dform acid CT)I.O”deS: #ydrol- cule. Unsaturated fatty acids are treated
gen Chloride may combine with vinyl vty these chlorides to produce cutting
chloride, ethylene, and rubber to form | hases. They also find extensive use in
many important compounds. Hooker  the manufacture of dye intermediates,
Hydrogen Chloride is supplied in an rubber substitutes, military gases, in-
aqueous solution as muriatic acid or it secticides, and pharmaceuticals. Pheno-
may be synthesized from hydrogen and lic resins can be made through the use
chl?]rlne under licensing arrangements  of these chlorides. The sulfur chlorides
with us which have a ready source of chlorine
are ideal chlorinating agents with the .
SULFURYL CHLORIDE, SOXI2  added advantages of low cost, ease of BULLETIN No. 328A, a technical
is commonly used to form organic acid handling and storage. discussion on Hooker Chlorinating
chlorides. 1t may be used to produce Agents, gives more information on these
chlor derivatives of phenols and in the PHOSGENE (Carbonyl Chloride) chlorinating agents and is available
presence of certain catalysts to produce COCI2 is the acid chloride of carbonic upon request. Our technical staff is also
chlor derivatives of hydrocarbons or the acid. With alcohols it forms either at your service in helping to solve prob-
sulfonyl chlorides of hydrocarbons. chlorformates or carbonates. With lems involving the introduction of
amines it forms chloramides, substi- chlorine into organic chemicals or in the
THIONYL CHLORIDE, SOCI2 tuted ureas or isocyanates. It enters application of any of the many Hooker
available in a high degree of purity isa  jnto many Friedel-Crafts syntheses with chemicals.
popular chlorinating agent because by-  aromatics to produce acid chlorides or
products of its reactions are sulfur  ary| ketones. It may also act as an agent
dioxide and hydrogen chloride, gases  for direct chlorination. With metallic ox- al
readily removed by heating. It reacts  jdesand sulfides, it gives anhydrous chlo- :
with organic acids to form either acid  rides. Reacting with organic acids it has
chlorides or anhydrides depending upon  heen used to make acid chlorides and
ratio of acid to Thionyl Chloride. anhydrides.
HOOKER h o o K E R
ELECTROCHEMICAL
COMPANY
9 Forty-Seventh St., Niagara Falls, N. Y. C h e m i C a I S
Yok N, Y, Tacoma, Wash. . 'Wilmington, Calif*
"«cSoda Chlorine Muriatic Acid

dadichlorbenzene

Sodium Sulfhydrate

Sodium Sulfide

83.54
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The unique and simplified design of the “Sealed-
Disc” filter makes it particularly practical to con-
struct it completely of Stainless, Monel, Bronze or
Special Alloys to meet specific conditions and at
surprisingly low cost. Add this to the remarkable
features that have already made Alsop Filtration so

successful wherever liquids are to be clarified.

It's no wonder so many of our users say, "The Sealed

Disc filter has all we want and more.”

CORPORATION

Filters-FilterD iscs $ Sheets-Mixers-Ac/ifafors

104 BLACK ROAD

MILLDALE, CONNECTICUT

The Alsop “Sealed-DIscMFilter
Offers Many Advantages

Completely enclosed, air-tight unit,

eliminating loss through leakage or
even by evaporation.
Exceptionally small space require-

ment. For example, a 600 gals, per
hour filter complete with electric pump
requires only a 9" x 20" floor space —a
2000 gals, per hour machine requires
only 12" x 24" of floor space.

Filter discs easily changed when
clogged with dirt or when products
handled are changed. A very few min-
utes does the job.

Sizes, with or without pumps, range
from 1 g.p.m. to thousands of gallons
per hour.

Our Engineering Service plus our Laboratory
facilities have been very helpful to many of
our customers.
W e’d like to try.

of solutions to be clarified, there’s no obliga-

Perhaps we can help you, too.

Just write us giving details

tion.

In addition to the discs for our own filters,
we can supply discs or sheets cut in any
VAshape and size to fit other type filters

Vol. 38, No.
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B&W EQUIPMENT
for the

PROCESS INDUSTRIES

* *ji "eam*ess an<* Welded Tubes are made by B&W

.

ran9e of analyses from low carbons to high alloys,

Wilding stainless steels, to meet any service condition in
«Sfi-temperature, high-pressure applications in chemical
ffocesses.

chemioni
kel e
hr

B&W refractories are widely used in
“rocess furnaces. Long life, low maintenance,
o*jy and continuous furnace operation account
extensive use.

PRESSURE VESSELS. Sizes and shapes of de-
pendable welded construction for any process
requirement can be fabricated by B&W from
carbon, alloy or clad steels. All vessels are
x-ray inspected and stress relieved.

PULVERIZERS. For pulverized coal firing of
boilers and furnaces, and for raw material
grinding, B&W Pulverizers offer many instal-
lation, operating and maintenance advantages.

BAaCOc/C
s “BetTY ST*',,

123

BOILERS. The complete line of B&W boilers
and related equipment meets all require-
ments for dependable, low-cost steam gen-
eration in any combination of capacity, pres-
sure, temperature, fuel and space conditions.

ALLOY CASTINGS. Parts for process equip-
ment requiring high strength, and resistance
to abrasion, corrosion and oxidation are
made in a wide variety of shapes and
analyses in B&W's foundry.

RECOVERY UNITS. High chemical recovery,
dependable steam supply and wide operat-
ing flexibility are obtained at low operating
cost with B&W Tomlinson Recovery Units«




M wnemico Plant assures

For more than 30 years, CHEMICO
has specialized in developing processes
and building plants for the production,
recovery and concentration of sulphuric
and other mineral acids.

A large percentage of the world’s
acid plants have been designed and
erected by CHEMICO. Many of the ad-

efficient productioneerecovery.esconcentrator

vances in acid plant processes have
been originated by CHEMICO. Backed
by unequalled resources, CHEMICO
technologists are recognized as the
leading authorities in this field.

These are some of the reasons why
“CHEMICO Plants are Profitable Invest-
ments  Your inquiry is invited without
charge or obligation.

CHEMICAL CONSTRUCTION CORPORATION

EMPIRE STATE BLDG., 350 FIFTH AVE., NEW YORK 1, N. Y.

European Technical Repr.: Cyanamid Products, Ltd., Berkhamsted, Herts., England
Cables: Chemiconst, New York

CHEMICO PLANTS are PROFITABLE

INVESTMENTS
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IN THE
DAYS AHEAD

Electrically Operated, 2000 Ton Forming Press

STRUTHERS

Modern Milling Machinery and Equipment

Complete Forge Plant «Forge

Presses from 500 Tons to
2000 Tons Capacity mTwo Large
Welding Shops < 172 Welding Ma-
chines 1Class A-l Qualified Welders
mx-Ray and Gamma Ray Equipment e
Three Large Modern Machine and
Pattern Shops miarge Number of 60-
fot Lathes of 80° Swing mModern
Vertical and Horizontal Heating Fur-
naces mOil and Water Quenching
Tanks « Skilled Engineers and Master
Craftsmen.

Partial View of One Bay in Our No. 2 Machine Shop

TO BUILD PRECISION-ENGINEERED
EQUIPS UP TO 6 INCHES

Boring Lathes up to 108 Feet in Length

MY commercial

K
THICK FROM ****
METAL OR *a ° Y

STRUTHERS WELLS CORP.
TITUSVILLE FORGE DIVISION
TITUSVILLE, PENNA.

PUNTS at TITUSVILLE, PENNA. and WARREN, PENNA.
Offices in Principal Cities Largest Gas Fired Annealing Furnace of its Kind
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H ere's w h a

F YOU have a pressure problem, you can probably find the answer on

these two pages. As you well know, pressure must be accurately meas-
ured before it can be accurately indicated, recorded or controlled: And
accurate measurement depends upon proper selection of the measuring
element for the operating pressure range, required safety factors, and
details of the medium to be measured.

This array of Taylor pressure-measuring elements is the result of our
many years of development in serving the process industries. All are
standard, proven, high quality Taylor systems. They are available in in-
dicating, recording and controlling instruments, and widely interchange-
able. With this complete line to choose from, your Taylor Field Engineer
can help you select the exact combination that fits your requirements.
Taylor Instrument Companies, Rochester, N. Y., and Toronto, Canada.
Instrumentsfor indicating, recording and controlling temperature, pressure,
humidity, flow and liquid level.

GAGE (and vacuum)

Range limits: Oto 1" water to Oto 10,000 psi; The most common
type of pressure instrument. Correct measuring element is determined by
operating range and conditions of installation. Charts are usually cali-
brated in pounds per square inch (psi) or inches of water—but usually can
be provided in any suitable units of measurement: millimeters of mer-
cury, atmospheres, etc. Accuracy guaranteed to Xz% of scale range.

*Asterisk indicates measuring element isfor pressure only, not vacuum.

DIFFERENTIAL

Range limits. 0-1" water to 25 psi. Widely used to measure pressure
drop between two points ... over astill, for example. Also used to meas-
ure rate of flow when an orifice or other suitable differential-pressure
producing device is installed in fluid line. Accuracy guaranteed to 1%-

ABSOLUTE

Range limits: 0-5 to 0-25 psi. With this type instrument, pressures are
measured by compensated bellows element. (This becomes increasingly
desirable at low absolute pressures—because boiling points are related
to absolute pressure, not vacuum.) Instruments with absolute pressure
actuation are used on low pressure condensers, stills, vacuum pans—
in fact wherever absolute temperature correlation is important. These
instruments are completely compensated for barometric pressure changes.
Accuracy guaranteed to 1% of scale range.

Vol. 38, No. -

W €

bell
manometer

Cast iron, mei
cury sealec
Range limit:
for pressure c
vacuumfromO-
to 0-10" watei
or equivalen
units of meas
urement.

bourdon
spring
Standard actua
tion for pres
sure. Bronze
steel or alio;
steel. Ranges: C
25 to 0-200C

psi.

bell
manometer

Cast iron, roer-
cury sealed.
Ranges: 0-1 to
0-10" water.

bellows

Sealed bellowi,
no stuffing box.
Bellows and
housing bronze.
Ranges: 0-5 P«
absolute (or O
10" mercury; or
0-250 mm mer-
cury) to 0%
psi absolute.
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do under Pressure...

U-tube
manometer

Mercury U-tube
withfloatonsur-
face. Castironor
steel. Rangelim-
its: 0-10 to O-
200" water.

C spring*

Variation of
multi-coiled
bourdonspring.
Entirely steel.
Ranges: 0-2001
to 0-10,000 psi.

SOLID

U-tube To POINTRY
manometer Lo Kb
Mercury U-tube [

with floaton sur-
face. Castironor
steel.Ranges:

0-10 to 0-200" " —
Water.O ” UJ
aneroid

manometer

Steel body with bellows
of bronze; torque tube of
stainless steel; no stuff-
ing box. Ranges: 0 to 20
to 0-500" water absolute,
or equivalent units of
measurement.

aneroid
manometer

Steel body with
bellowsofbronze
or 18-8 alloy.
Torque tube, no
stuffing box.
Ranges: 0-20 to
0-500" water;

0-20 to 0O-100

psi.

diaphragm*
Self-contained.
For measuring
sludges,etc.Dia-
phragm of any
material. Maxi-
mum length of
tubing 50 ft.
Ranges: 0-15 to
0-500 psi.

aneroid
manometer

Steel body with
bellowsof bronze
or 18-8 alloy.
Torque tube, no
stuffing box.
Ranges: 0-20 to

0 200" water
(0-500" on or-
der).

lcu jlo T

* TOtPOINTER

VIAA
/'AA]

l AAAlTu”™s

wopg

LP

In b trivm

MEAN

bellows

Sealed bellows,
no stuffing box.
Bellows and
housing bronze.
Ranges: 0-3 to
0-25 psi.

volumetric
pressure for
liquids**

Steel (silverplat-
ed for sanitary
services). Com-
pression of bulb
actuates spring.
Tem perature
compensation
permits tubing
up to 35 ft.
Range: 0-5000
psi.

bellows

Sealed bellows,
no stuffing box.
Bellows and
housing bronze.
Ranges: 0-5 to
0-25 psi.

n U

ACCURACY FIRST

I NDUSTRY
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Standard Units...
and "sPeCIALS" tOO!

e Glascote equipment meets industry’s most
exacting corrosion resistant requirements. The
glass is chemically inert. It is resistant to all acids
at low or elevated temperatures, excepting hydro-
fluoric and hot concentrated phosphoric,—and
has all the properties of laboratory glassware
combined with greater strength.and elasticity.
This proven glass-on-steel construction is avail-
able in a wide range of equipment including
reaction kettles, crystallizers, evaporators, chlo-
rinators, condensers, distilling, mixing, storage,
blending and other standard units. These include
single shell or jacketed, open or closed designs.
The wide range of sizes and diameters available
permits the use of standard units in meeting most
requirements, but in cases where "specials” are
needed or desired, our engineers will gladly sub-
mit suggestions and recommendations, based on
their long experience, using either Glascote glass-
on-steel, or Glascote stainless steel or alloy metal
construction. Let us quote on your requirements!

GLASCOTE PRODUCTS,

20901 ST. CLAIR AVENUE CLEVELAND 17,

engineering and sale-s- representatives -in the principal Cc
CORROSION RESISTANT EQUIPMENT FOR THE PROCESSI NG INDUSTRIES



RECENT ADVANCES IN NORTON REFRACTORIES include
the development of improved ALUNDUM furnace tubes classified
as "Pure Oxide Refractories”. These tubes which are essentially
sintered alumina, without bond, sreatly extend the utility of the
ALUNDUM furnace tube line which in standard mixtures RA 98
and RA 1139 has met industry’s needs for many years. The new
mixtures RA 1191 and RA 1192, produced at temperatures up to
17759 C., will provide greater refractoriness and much longer life.

NORTON CO MPA NY —Worcester 6, Mass.
ALUNDUM —Trade-mark Reg. U. S. Pat. Off.

REFRACTORIES
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Cross section view of Garlock
Guardian gasket shows three
points of resiliency of the metal
strips which separate the layers
of ashestos. Inner and outer edges
of the gasket are reinforced with
double thicknesses of metal, elec-
trically welded foradded strength.

RESILIENT—EXPANDS AND CONTRACTS
WITH CHANGING TEMPERATURES

For a permanently tight joint under changing
temperature conditions your gasket should be a
G arlock Guardian gasket. This gasket combines
extraordinary resiliency with great strength.
Because of its unique structural design it
adjusts itself instantly and repeatedly to expansion
and contraction of the pipe line or equipment.
Also Guardian gaskets withstand extreme
temperatures and pressures and effectively resist
the destructive action of gases and liquids.

THE GARLOCK PACKING COMPANY
PALMYRA, NEW YORK

In Canada: The Garlock Packing Company
of Canada, Limited, Montreal, Que.

i B «F i

ROBINSON

PROCESSING EQUIPMENT

HAMMER

M I L LS

Continuous full capacity
production. Hard Iron,
interchangeable grinding
plates. Self-aligning bear-
ings. Automatic electro*
magnet separator prevents
tramp metals from entering
grinds. Sturdy construction.
Designed by experienced
engineers whose reputation
is founded wupon doing
things right. Literature

available. Inquiries invited.
HEAVY DUTY TYPE

ROBINSON MANUFACTURING CO.

Plant: Muncy, Pa.
SALES REPRESENTATIVE

MERCER-ROBINSON COMPANY, INC.
30 CHURCH ST.. NEW YORK 7, N.Y.

and all other materials!

IDEAL ELECTRIC MARKER

New, dependable tool, built to Industrial Standards, per-
manently writes on all types of glass—test tubes, beakers,
etc.—mark names, formulae, other identification. Light
in weight (weighs only 10 oz) with powerful marking
stroke, operating like a small electric hammer, cutting
mark that cannot be erased through ordinary usage.
Shaped to fit the hand, it is as easy to use as a pencil.

AVAILABLE WITH DIAMOND POINT

IDEAL has the most complete line of
ETCHERS and MARKERS on the Market

. Industrial Products Division

INDLEIRES It

(Successor to ldeal Commutator Dresser Co.)
1347 PARIK AVENUE SYCAMORE, ILLINOIS
Sales offices in all principal cities
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NUGOUIIM
pUMPS

DUPLEX SIDE POT

Hied in petroleum service
whore pressures are usualiy
ibove the average. Can be
equipped yrith water jacketed
iluffmg boxes for hot oil serv-
ie and the liquid end is available in cast steel as well
tommercial alloys with removable levers.

Write our engineering department lor complete data__

Leyman Manufacturing Corp.
McGowan Pump Division
58 Central Ave., Cincinnati 2, Ohio

— we specialize in big"plant

efficiency for the sm aller process

and chemical manufacturer. Your
inquiry (no obligation whatever) may
bring you the practical answer. Don't

hesitate to

S.D.HI ON COMPANY

1671 HYDE PARK AVE., BOSTON 36, MASS.
NEW YORK OFFICES

oepesulalUe. Since. 1852.

as
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IKMM HoWtptiwt

OF SULFUR DIOXIDE IN WATER WITH

ANSUL SO*

i M s°V Uon

s b Uurner< jc*l

EQUILIBRIUM SOLUBILITY OF SO2 IN WATER
AT ONE ATMOSPHERE (Saturated Solution)

% SO; by Weight in Solution

Temp. From Ansul From Burner Gas Containing:
F. Liquid SO 500 50 . .
7 18% SO, 16% SO;
32 18.59% 461 % 4.15% 3.68%
50.6 13.95% 3.25% 2.93% 2.60%
68 10.14% 227% 2.02% 1.82%
77 8.60% 1.89% 1.70% 1.51%
86 7.30% 1.58% 1.42% 1.26%

It’s So Easy to Install This Ansul S02 System and

Get These Proved Advantages:

CREATOR SOLUBILITY—As indicated in
the table, much more concentrated water
solutions of SO; may be obtained from
99.9+% Ansul Liquid SO; than from the
most efficiently produced burner gas.*

HIGHER PURITY —Elimination of im-
purities inherent in burner «as (Ansul
Liquid SO2is 99.9 4-% [by weight] PURE).

FINGER-TIP CONTROL—Easy, positive,
finger-tip control providing extreme ac-
curacy for reaction or adjustment of pH.

GREATER ECONOMY —Small investment in equipment, materially re-

duced operating and maintenance costs, and freeing of valuable floor space.

+This follows the principle described in Henry’s law that the concentration of a dissolved
gas in solution is in direct proportion to the concentration in the free space above the liquid.

PHYSICAL
PROPERTIES

Chemical formula....
Molecular weight..... .64.06
Color (gas and liquid)...Colorless
Odor.. .Characteristic,;ungent
Melting t -103.9° F. <-75.5*C.
Boiling point. — 14.0° F. (—10.0° C.
Density ofliquid at 80° F.
(85.03 Ibs.-per cu. ft.)

Specific gravity at 80° F.....cc.ccoovvenne 1.363
Density of gasat 0° C.and 760 mm:

2.9267 grams per liter

(0.1827 Ib. per cu. ft.))
Critical temperature

314-82° F.
Critical pressure

11415

Solubility..
Purity ...

*rec. U. S.

WRITE THE ANSUL TECHNICAL STAFF FOR FURTHER INFORMATION

Send for Bulletin 020.1, ?A
Comparison of Ansul SO2
and Sulfur Burner Gas,” and
also for your copy of “Liquid
Sulfur Dioxide”—a treatise
on the properties, character-
istics, and industrial uses of
Liquid Sulfur Dioxide— writ-
ten by the Ansul Technical
Staff.

WRITE: Dept. C.

O

Unii v V3

chemical
INDUSTRIAL CHEMICALS DIVISION, MARINETTE, WIS.
Encforr» OPfir-o Aft P AO JC « »

company
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MICROTORQUE P

SENSITIVE «ACCURATE « RELIABLE

FUNCTIONS

Can be directly coupled to low torque indicating
meters or movements (existing pressure, tem-
perature gaviges, etc.) by simple yoke on instru-
ment pointer without interfering with instru-
ment indicating function.

Ideal for take-offs from bellows elements (pres-
sure, temperature, flow, etc.) causing negligible
drag on control element.

Ideal amplifier follow-up components in bridge-
type control—relatively large electrical outputs
for small mechanical inputs.

Operate directly recordcr-controllers, recording
galvanometers, milliammeters, oscillographs or
polarized relays.

Indicate or record remotely positions of shafts,
meters, or other mechanical elements.

WRITE SECTION N

G.M.GIANNINI &

AUTOFLIGHT

0& we\lu
FOR

EMISTRY

OTENTIOMETERS

FOR REMOTE RECORDING

FEATURES

Less than .003 oz. in. input torque.
Linearity or better.

Weight less than % oz. space envelope 1" x V
cylinder

Vibration-proof, 4 to 55 cycles up to 6,g’s.

2.5 Watts power dissipation.

Resistance 100 to 2500 ohms.

Jewel bearings, platinum metal brush and resist-
ance material, highest quality contact perform-
ance.

Long life and dependability proved in many air-
borne and industrial applications.

Auvailable in 270° potentiometer arrangement or
continuously rotatable transmitter type; toroidal
coil tapped at 120° intervals with twin brush
take-offs separated by 180°.

161 EAST CAUFORNIA STREET
PASADENA 5, CALIF.,, U. S. A,

LARGE CAPACITIES
INDUSTRIAL OXIDATION

Vol. 38, No. 4

Ozone is an ideal commercial

because of its high degree of

and it leaves no residue. In inorganic

reactions, one atom of oxygen is normally active, thus:

X + 03—y XO + 02

However, in certain cases, all three atoms of oxygen
are active, thus:

3 SO2.+ O3 3 SOs3

Ozone plants capable of producing any quantify
of ozone at moderate cost are now available.

Assembly of 5 ozonators
with ‘individual panel con-
trol. Capacity 125 Ibs.
ozone per day.

OZONIZED OXYGEN OR AIR
Concentrated source of active oxygen
Leaves no residue
Aqueous or non-aqueous media
Suggested for oxidation, ozonide formation, scission

of double bonds, bleaching, catalysis, disinfection,
odor control

OZONE PROCESSES

INCORPORATED
1500 WALNUT ST., PHILADELPHIA 2

A wholly owned subsidiary of Welsbach Engineering and ManagementCorporaiion

H*OHOH R

Complete information

available on request.
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DISTANCE BETWE
TWOPROD

POINTS

A De Laval Centrifugal enables

separation, clarification or con-
centration to be effected continuously,
in place of outmoded gravity settling
or other obsolete methods. It instan-
taneously divides liquids into their
respective light and heavy phases,
continuously discharging both. Simul-
taneously, solid impurities are re-
moved, in some machines being stored
in the bowl outside the zone of sepa-
ration and in the “Nozzle-Matic”
models being discharged continu-
ously with one effluent.

De Laval continuous centrifugals
have other advantages besides that of
reducing processing time. They save
labor. They simplify waste disposal-

INDUSTRIAL AND ENGINEERING CHEMISTRY

They conserve material. And usually,
if not invariably, they improve the
product as well. All of these features
add up to this:—a De Laval Cen-
trifugal eliminates the slow-spots in
a process line and does it econom-
ically and well.

In writing for Bulletin 225, men-
tion whether you are interested in
separation, clarification or concentra-
tion, and specify the liquids to be
handled. No charge, of course.

THE DE LAVAL SEPARATOR COMPANY
165 Broadway, New York 6 427 Randolph Si., Chicago 6

DELAVAL PACIFIC CO ., 61 BealeSf.,.San Franciscol9

THE DELAVAL COMPANY, Limited

MONTREAL PETERBOROUGH WINNIPEG VANCOUVER

glfUGAL
CESStNG

Y SItl*S
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ELECTRIC EAR

Always alert to maintain the maximum grinding
efficiency of your mill is this truly remarkable,
yet eminently simple device. Essentially a
hook-up between a microphone, control cabinet,
and a motor, it is attached near the base of the
mill . . . where it "listens” to the sound of the
rotating load, and maintains a constant feed
rate . . . which means an economical operation.

*Reg. U. S. Patent Office

FRONCE

COMPANY, INCORPORATED <« YORK, PENN.
NEW YORK 17—122 E. 42nd St. = 205 W. Wocier Drive—CHICAGO 6
SAN FRANCISCO 5—50' Howard St. 200 Boy St—TORONTO |

Vol. 38, No. 4

e CHEMISTRY o«
LEA T HER
MANUFACTURE

by GEORGE D. McLAUGHLIN

Direcior, B.D. Eisendralh Memorial Laboratory, Racine, Wisconsin;
F(f)E:n]erl,y Ditr_ecior, Tanners' Council Research Laboratory, University
of Cincinnati.

and EDWIN R.THEIS

Professor of Chemical Engineering and Director of the Industrial
Biochemistry Laboratories at Lehigh University.

A C.S. MONOGRAPH No. 101 7 1@ scHo}ar?'y trea-

tise presents a vast fund of experimental informa-
tion which is of the first importance not only to
leather chemists and technologists, but to a number
of other groups of scientists. Because of its ex-
tremely detailed reports of all recent research find-
ings on the preservation, pickling, tanning and
histology of hides and skins, it will be invaluable
to dermatologists, cosmeticians, and colloid chem-
ists, as well as to researchers in the electrochemistry
of proteins. Much attention is devoted to acid-
base equilibrium and the effect of pH on various
phases of operations in the manufacture of leather.
The chapters on vegetable and chrome tanning un-
questionably constitute the most complete treat-
ment of this subject to be found in the entire
literature of leather chemistry.

Prepared as the third volume of the monograph
of the same title written by the late John Arthur
Wilson, it is a most worthy and notable addition
to its predecessors. All the experimental material
described is carefully and painstakingly evaluated
by the authors in the light of their own extensive
work and their profound knowledge of protein
chemistry. The resultis a body of correlated facts
and theories which can be described only by the
word “monumental.”

800 Pages, Profusely Illlustrated

“The Chemistry of Leather Manufacture" will
be an invaluable reference book to the follow-
ing groups:

ORGANIC CHEMISTS
COLLOID CHEMISTS

INORGANIC CHEMISTS
PHYSICAL CHEMISTS

DERMATOLOGISTS HISTOLOGISTS
LEATHER CHEMISTS COSMETIC CHEMISTS
PHYSICISTS ELECTROCHEMISTS
TANNERS SHOE MANUFACTURERS

REINHOLD PUBLISHING CO N P X
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W e used to spend this folWATER...

... NOMwe spend ¢ llis...”

(Typical reportfrom D -1 System wusers)

A lot of water users ore now getting specification
water at far less cost than ever before. Many who
formerly spent from 65c to $8.00 per 1000 gallons
for distilled water are now getting water that
meets their exacting requirements at only 2c to
20c per 1000 gallons. They are making these
savings whether they use a few gallons of water
an hour or millions of gallons per day. They have
installed Dorrco De-lonization Systems.

WHO ARE THESE D-I SYSTEM USERS?

Here are a few of the industries now making sub-
stantial water-cost savings with Dorrco D-l Units:

Food Processing Chemical Manufacture
Dye Making Pharmaceuticals
Cosmetics Pulp & Paper

Metal Working Ceramic Ware, etc-----

HOW DO THEY USE IT?

The Dorrco D-l System is being used effectively for
such purposes as=
Removing simple hardness
Decreasing Bicarbonate alkalinity
Reducing total solids
Metal recovery from waste water

HOW CAN YOU GET FULL FACTS? The D-I System is another result of Dorr research into better
industrial processing methods. Dorr'service extends from analysis in the field to supervision of
erection and initial operation. A Dorr engineer will gladly give you detailed

information on the D-1 System as applied to your process. There is

no obligation. Phone, wire or write your nearest Dorr office.

Dorr engineers are at your call to discuss the application
of Dorr Torq Balanced Tray Thickeners to your re-

quirements. Consult our nearest office. THE DORR COMPANY, ENGINEERS
NEW YORK 22, N.Y. . . 570 LEXINGTON AVE.
ATLANTA 3, GA. . . VVILUAM-OLIVER BLDG.
TORONTO 1, ONT.. . . 80 RICHMOND ST.W.

CHICAGO 1, 111 ..221 NO. LA SAIIE ST.
if DENVER 2, COLO... COOPER BUILDING
LOS ANGELES 14, CAl. . . . 811WEST 7TH ST.
RESEARCH AND TESTING LABORATORIES
mRESEARCH WESTPORT, CONN.
SUGAR PROCESSING
PETREE & DORR DIVISION
570 LEXINGTON AVE., NEW YORK 22, N.Y.
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INDUSTRIAL  BROWNHOIST
BUILDS BETTER CRANES

INDUSTRIAL BROWNHOIST CORP. « BAY CITY, MICH.
« District Offices: New York, Philadelphia, Cleveland,
Chicago < Agencies: Detroit, Birmingham, Houston, Den-
ver, Los Angeles, San Francisco, Seattle, Vancouver, B.C.,
Winnipeg, Canadian Brownhoist Ltd., Montreal, Quebec.

AS QU/CKAS A

| GHtemperaiures

allow pressures

JWt"DOWTH'Af VARCRZERS

In heaitramfergtxmestﬂ high tenmera
tures, IVeKeed| mr’gmm\/m]
dTethe folloning u*wual Hah

vapor phese heat. up 0 650° or
with m}moforinBIks exception-
allyeasy to control termpefature of product, by
smplycxrtrolllng terrperatue pressure
vapor the Dowtherm unit. This

wer-matlrg,mm ordiscoloning
of%nam dcomosionofretal contaire
s

when wsing direct heat.
In the VeKee-Eclipse Dowtherm Veparizer,
yougetaay l’@m mmg%ﬁg'@ WRITEfor
mfetP/ prrent, electric-pressure controller, COMPIETE
Tondevel fuel aiﬂff etc. Wite for bulletin
guing ull cetals, ECLIPS: FUEL ENGL DETAILS
Q0 7M SouthMain, Rockford, 111

"I'/qu/ds WORTHSTORING
McKee C“Regtmgm

Aﬁfonzer ctelt
moé)c Gas-firedoroil-fired
elsfro S:SOOOt 1,000,000

ST THE LIBUIPOMETER CORP. j

: %ﬁ’f i Uit's lor Gas—buy Eclipse
%"Mum T 38-13 SKILLMAN AVE., LONG ISLAND CITY,I,NX



JENKINS 3-POINT FORMULA- 2

JENKINS 3-POINT FORMULA

Choose JENKINS VALVES
for lifetime economy

The right road to
lower valve costs...

trenyou follow the Jenkins 3-Point Formula, you can be sure
fime headed for new savings in valve expense.

Hrst comes careful selection of pattern and metal. While
Hmtypes may be used in a given service, ordinarily there is

; ‘ne type best suited to withstand the service conditions and
JMdire least maintenance. - -

Next comes correct installation. Both where and how a
we is installed can limit or extend its service life, according
Drevalve "know-how” applied. Write for Booklet No. 944
@installation

Third, by choosing Jenkins Valves, you not only get valves
@bnith extra endurance that means extra economy. You also
8 ,e experienced advice of tcp-rated valve specialists, Jenkins
~ reas)whenever you need it, on any question of selection or

in ~2sey ur valve buying on the 3-Point Formula, and make
'fedf the extra value that means lowest cost in the long run.

Jenkins Fig. 117-A Bronze Lift Check Valve

Made with a renewable composition disc, Fig.
117-A is dependable choice for drop-tight closure,
economical maintenance, and, long, trouble-free
service. The disc can be replaced quickly and easily
without removing the valve from the line. For
pressures up to 150 Ibs. steam, 200 lbs. O.W.G.

ONE OF OVER 600 EXTRA VALUE VALVES
MADE BY JENKINS VALVE SPECIALISTS

JENKINS M VALVE«

IOOK FOR THIS FAMQUS DIAMOND MARK

_ v§INCE 1864 « THE MARK OF TRUSTWORTHY VALVES
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REX-FLEX Stainless
~eel-lined exhaust units

Excessive heat, corrosion and vibration require
an exhaust unit that is durable. Gas engines, es-
pecially, demand a Rex-Flex lined exhaust unit
to best withstand these destructive forces.

A Rex-Flex stainless-steel unit was used in the
above installation, since ordinary steel is more
readily affected by corrosive action—caused by
acidulated condensation during shut-down
periods. Through the use of a lined Rex-Flex
exhaust unit, a smooth bore flow was obtained—
undesirable back pressures were avoided and
longer unit life was assured. Flexibility was in-
creased also, due to the Rex-Flex method of at-
taching the liner, which allows complete freedom
of axial and radial motion within specified
limits.

No matter what your exhaust connector needs
are—now or in the future—you can increase op-
erating life and efficiency with Rex-Flex Stain-
less-Steel lined exhaust units. Send your instal-
lation requirements to our Engineering Depart-
ment—now.

Flexible Metal Hose for Every Industrial Use ‘oF

j«lp”™ 9 g9

CHICAGO mETAL HOSE corporation

S i I 1 ffTAVUIOOD, ILLINOIS

Plantst Maywood and Elgin, 111
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INFERENCE
isn
I findustrial Pumpsare DANGEROUS
one ofyour responsibili- GUIDE TO
ties, ask now, for free PUMP
copy of this authorita- SELECTION

tive, unbiased analysis
of Industrial Pumps. It
is a timely presentation
ofpumpfacts..

This is the first anal-
ysis, insofar as we
know, to prevent the misapplication of Industrial
Pumps. It is written by one who has a rather wide
and diversified knowledge of many types of pumps.
But the author holds no more of a brief for any one
type than its adaptability warrants.

He endeavors to explain the limitations of various
types of pumps such as piston, plunger, rotary and
centrifugal. Thus he attempts to prevent, as much as
possible, misapplication.

Based also on the long experience of Taber Fump
Co., this modest contribution is offered to users oj
pumps in theprocessing industries. We will gladly
send a copy oj this Bulletin No. S-146, when it is
requested on business stationery.

TABER PUMP CO. «t,t.1559 « 293 ELM ST., BUFFALO 3, N.T.

ALL- PRE)NE GLO\/lE‘g

For Every Industrial Use

Impermeable to
practically all
acids and caustics

~ Highly resistant to
oils and greases

5 POPULAR STYLES

No. 5760-5, 18" LONG
EXTRA LONG GAUNTLET
GAUGE .030 TO .040
SIZES 10, 11

No. 5737-2, 14"LONG ~etp
LONG GAUNTLET T**
GAUGE .030 TO 040 . «i05
SIZES 9-10-11-111/2-12

No. 5705-5, H" LONG
SHORT GAUNTLET
GAUGE .020 TO .02S
SIZES 9-10-11

No. 5703-5, 10'/i" LONG
STANDARD DUTY
GAUGE .015
SIZES 7-8-9-10-11

No. 5702-5, 10'/i" LONG
UGHT DUTY
GAUGE .010 TO .012
SIZES 7-8-9-10-11

REQUEST SAMPLES AND PRI«$

SEIBERLING LATEX PRODUCTS CO.

AKRON, OHIO
200 - 5th Ave. Bldg., New York Merchandise Mart, Chicago
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THE LaMOTTE
A B C of pH CONTROL HANDBOOK

(12th Edition)
If you do not have a copy of this informative and helpful
booklet, one will be sent at your request without obligation.
It contains up-to-the-minute in-
formation of interest concerning
1 LaMotte equipment for use in
general process control, boiler feed
water control and handling of
water, sewage and industrial wastes.
LaMotte also offers a system of
informative technical reporta. Un-
\ \\ doubtedly there is a technical re-
\ porton control equipment of interest
\ y. to your chemical staff. ~ No obliga-

----- ' tion is involved in  requesting
\' same.

LaMOTTE ROULETTE COMPARATOR

Designed for simplicity and convenience'in'making pH deter-
minations under uniform lighting conditions, day or night,
over an extended pH range. Highly recommended for re-
search and central laboratory control work. Accurate to 0.1
pH. Complete, with any three selected sets of LaMotte
color standards, $75.00 f.0.b. Towson, Maryland.

LaMotte Chemical Products Company
Dept. F Towson 4, Maryland

EXPORT TO

The Swiss market offers
interesting possibilities

Send us your offers

ALBERT ISLIKER & QO

Zurich Loewenstrasse 35 a

Cables: Islikerco

Importers of Chemicals
and Raw Materials
for a Century

INDUSTRIAL AND ENGINEERING CHEMISTRY
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CHEMICAL PRODUCTS

HIGH BOILING AROMATICS
PETROLEUM SULFONATES
RUBBER PLASTICIZERS
POLYBUTENES

ALIPHATIC HYDROCARBONS

Now available in
Commercial Grades,
approximate purity
as indicated. Speci-
Isooctene (860/@ fications and prices
in Drums and Tank
cars on request.

Available shortly
in Research Grades
(98%0).

*Crude (44%)

Isooctane (86%)

Dodecene (87%)

Hexadecene*

STANDARD OIL COMPANY (INDIANA)
Chemical Products Department

910 SOUTH MICHIGAN AVENUE CHICAGO 80, ILLINOIS
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THE BIRD-ARCHER CO.
Engineers and Consultants
on Water Conditioning Problems
Survey« Plant Studies Analyte,

=0 Madison Ave., New York, N. Y.

Research for Profit

JOHAN BJORKSTEN, Ph.D.
Bjorksten Laboratories

185 N. Wabash Ave., Chicago 1, 111
Telephone: ANDOVER 1726

ROBERT CALVERT

Chemical Patents
U. S. and Foreign Applications
Interferences — Reports
155 East 44th Street, New York 17, N. Y.
Telephone: Murray Hill 2-4980

GUSTAVUS J. ESSELEN, INC.
Chemical Research
and Development
857 Boylston Street Boston, Mass.

"Today's Research Is Tomorrow’s Industry”

Founded 1922

FOOD RESEARCH
LABORATORIES, inc.

Research, Analyses, and
Consultation (or the
Food, Drug and Allied Industries

48-14 Thirty-Third Street
Long Island City 1, New York
Telephone - STillwell 4-4814

Descriptive Brochure Available on Request

E. W. D. HUFFMAN, Ph.D.
Microanalytical Laboratories

Organic, Inorganic — Quantitative, Qualitative
j Precision Analyses — Special Analytical Problems

Majestic Bldg.

LAWALL & HARRISSON
Biological Assays — Clinical Tests
Chemical — Bacteriological — Problems
Organic Synthesis
Pharmaceutical and Food Problems

Research

1921 Walnut St.

-C. L. MANTELL
Consulting Engineer

Electrochemical Processes and
Plant Design

601 W. 26th St.,, New York, N. Y.

Denver, Colorado

Philadelphia 3, Pa.

METCALF & EDDY
Engineers
Industrial Wilt«« Treatment
Water Supply and Water Puriicatlon
Stream Pollution tnvcitlgatloni
Laboratory
Statler Bldg. Boston 16, Mass.

CONSULTING
Rubber Technologist

Natural and Synthetic Rubber

R. R. OLIN LABORATORIES
Complete Rubber Testing Fedlltlei

Established 1927
P. O. Bo* 372, Akron 9, Oklo

Telephone«: HE 1714, FR 8551

Polamold Research Laboratory

Plastic Materials

240 Ludlow Ave., Springfield, Ohio

HARRY PRICE
Patent Attorney

Chemical Patents

Suite 2618 Graybar Building
420 Lexington Ave.
New York 17, N. Y.

PROCESS & INSTRUMENTS

CONSULTANTS IN
AUTOMATIC ANALYSIS
PROCESS DEVELOPMENT

HIGH VACUUM ENGINEERING

60 GREENPOINT AVE. BROOKLYN 22, N. Y.

PROJECT ENGINEERING COMPANY

Designers of Small Chemical &Industrial Plants

SPECIALISTS IN SPRAY DRYING
PILOT PLANTS
PROCESS EQUIPMENT DESIGN AND
FABRICATION

15 Maiden Lane New York 7, N. Y.

Established 1891

SAMUEL P. SADTLER & SON, INC.

Consulting and Analytical Chemists
Chemical Engineers

We render many chemical services
for industrial clients.

210 S. 13th St.,

Nothing Pays Like Research”

Harvey A . Sell, Ph.D.

SEIL, PUTT & RUSBy
Incorporated

Consultins Chemists

Specialists -In the analysis of
Foods, Drugs and Organic Products

16 E. 34th Street, New York, N. Y.
Telephone — MUrray Hill 3-6368

FOSTER D. SNELL, INC.
Our staff of chemists, engineers and
bacteriologists with laboratories for
analysis, research, physical testing and
bacteriology are prepared to render you

Every Form of Chemical Service

305 Wuhinston Street

Philadelphia 7, Pa.

Earl B. Putt, B.Sc.

Brooklyn, N. Y.

38 No. 4

SPECTROGRAPHIC SERVICES AND SUPPLIES INC
Research Consulting — Testing — Analysis
Composition of Minerals, Structure, Physical Properties

Metals, Chemicals

Spectrographic Analysis — X-Ray Diffraction
Optical Crystallography — Petrography
Metallography — Metallurgy
Spectrographic Electrodes and Standards to Order

Laboratory—21 Madison Ave., Saratoga Springs, N, Y.
Lester W . Strock, Ph.D., Director

IVAN P. TASHOF
Attorney and Counselor at Law

Patents

Specialists in the Protection of Inventions Relating to |
the Chemical and Metallurgical
Industries

Munsey Bldg. Washington, D. C.

THE WESTPORT MILL

Westport, Conn.

Laboratories and Testing Plant of
The DORR COMPANY, Inc.

Chemical, Industrial, Metallurgical and Sanitary
Engineers
Consultation — Testing — Research — Plant Design

Descriptive brochure, “ Testing that Pays Dividends”
upon request

Ifau /i /In *tou *tce *n e *ii

of

PROFESSIONAL SERVICES

may be inserted in this sec-
tion. Here you can carry
your message to the readers
oi the leading publication
of the chemical process

industries.

Rates upon request

INDUSTRIAL AND
ENGINEERING CHEMISTRY

Advertising Office

330 West 42nd Street New York 18, N. V.
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DUGAS 350-A
Wheeled Extinguisher

DRY CHEMICAL

¢ Upon striking fire, DUGAS Dry Chemical instantaneously
releases 1100 times its volume in flame-smothering gas that
chokes off fire in seconds. The swift, fire-stopping power of
DUGAS Dry Chemical is unaffected by wind or draft. It is
undiluted by passage through the air. The gas is released only
inthe immediate flame area.

Dangerously close approach to flames is eliminated because
the stream of dry chemical is expelled under high pressure,
permitting safer, longer range fire extinguishing operation.

Amazingly fast and effective, DUGAS Extinguishers provide
more fire protection ... per pound ...per unit... per dollar
eeeggainst all types of oil, gasoline, grease, paint, and elec-
trical equipment fires. And DUGAS Extinguishers can be recharged
on the spot.

GET THE FACTS ON
DUGAS EXTINGUISHERS

Write today for further information in-
cluding authoritative, impartial data
showing characteristics of all types of
approved fire extinguishers. The Ansul
technical staff of fire protection engi-
neers is ready to serve you.

Listed and approved by Underwriters-
Laboratories and Factory Mutual Lab-
oratories.

SEND FOR BULLETIN 422.

AMQ||| chemical company

lap FIRE EXTINGUISHER DIVISION, HARINETTE, WISCONSIN

INSTALL DUGAS
EXTINGUISHERS
AT THESE HAZARD SPOTS
 Fractionating Towers.
* Pump House.
e Storage and Handling
of Flammable Liquids.
e Oil or Gas Fired
Equipment.

BARRELS AND DRUMS
of ENDURO Stainless Steel

Down come container maintenance costs when you use
barrels and drums of Enduro—because this lustrous metal
resists corrosion, resists hard use and abuse, never needs
repainting or refinishing and lasts indefinitely. Enduro
is safe to use, too, because it neither affects nor is affected
by most chemical and food products.

Youll find just the style and
size you need in the Republic
STEVENS Line. Write us for
further information.

* *

Easy to open—easy to close—that's
thepatented Ringlox* closureshown
at the left. It insures a positive and
permanent seal—and you may have
it on STEVENS Products.

*U. S. Patent No. 1792281
NILES STEEL PRODUCTS DIVISION

REPUBLIC STEEL CORPORATION
NILES, OHIO

METAL BARRELS AND DRUMS



142

ALPHABETICAL LIST OF

Acme Copperemithing €€ Machine Co...........
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Alloy Steel Products Co., Inc..
Alsop Engineering Corp
Aluminum Co. of America..
ATUMINUM OF€ COuuriiiierieiie s
American Car & Foundry Co....
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American Hard Rubber Co..
American Locomotive Co..
An8ul Chemical Co
Attapulgus Clay Co

Babcock & Wilcox Co
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Bailey Meter Co..............
Barco Mfg. Co...........

Barrett Div. 114
Bartlett & Snow Co., C. 0 112
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Bell Telephone Laboratories ... 46
Bird-Archer Co...iii s 140
Bjork8ten, Johan 140
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Blickman, Inc., S 10
BOrg-Warner COorp .. 33
Bristol Co 32
Brown Fintube Co.. 84
Brown Instrument Co.. 28
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Calgon, INCacccsee e 94
Calvert, RODEert e 140
Carbide <t Carbon Chemicals Corp.. 64:102
Carpenter Steel Co 36
Chapman Valve Mfg. Co 6
Chemical Construction Corp 124
Chicago Bridge & Iron Co 68
Chicago Metal Hose Corp 138

Colorado Fuel tlron Corp...
Corning Glass Works.
Crane Co....

De Laval Separator Co.
De Laval Steam Turbine Co.
Dicalite Co....
Doit Co..
Dow Chemical Co 67
DOW COrNiNg COrP . 26
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Esselen, Inc., Gustavus J

Fairbanks, Morse & Co..ccoovrervrineneneercriens 51
Fenwal, Inc....
Filtrol Corp...
Fluor Corp., Ltd.
Food Research Laboratories, Inc
Foster Wheeler Corp...
Foxboro Co

Gardner-Denver Co.. e 22
Garlock Packing Co

General American Process Equipment..
General American Transportation Corp....
General Chemical Co
Giannini € Co., Inc.,
Girdler COMP et
Glasedte Products, Inc..
Globe Steel Tubes Co...
Goslin-Birmingham Mfg. Co.

Hagan Corp... s

Hardinge Co., Inc
Haynes Stellite Co
Hicks & Son Co., S. D...
Hooker Electrochemical Co
Hoskins Manufacturing Co
Houdry Process Corp
Huffman, E. W. D .o e
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Ilinois W ater Treatment CoO.....cooveervcririnnnne
Industrial Brownhoist Corp
Ingersoll Steel Div.
International Nickel Co., .
Isliker & Co., AlIDert i
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Johns-Manville COrp ...
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Knight, Maurice A
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Leyman Mfg. Corp
Link-Belt Co
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24
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Manhattan Rubber Co
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M aster Electric Co.
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etcalf & Eddy
Meyercord Co s
Midwest Piping & Supply Co., InC....c.c.....
Mixing Equipment Co., Inc.
Monsanto Chemical Co

Nash Engineering Co....coveevinneinncrcrnernns
National Carbon Co., Inc
New England Tank <c Tower Co..
Norton Co

Olin Laboratories, R. R .
Owens-Coming Fiberglas Corp
Ozone Processes, Inc

Palmer Co
Pennsylvania Salt Mfg. CO..ccooevvrcnciriininnne
Pfaudler Co
Philadelphia Quart* Co.....ccvmrrnernerennns
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INSTALLATIONS
SUCCESSFUL PROCESS

tabrication

ACME COPPERSMITHING & MACHINE CO., ORELAND, PA., U. S. A

COMPLETE
INSTALLATIONS BY-PRODUCT RECOVERY e CHEMICAL PROCESSING < DISTILLATION « DRYING « EVAPORATION

FOR EXTRACTION » FOOD INDUSTRIES » PILOT PLANTS « SOLVENT RECOVERY



T HIS impressive list of equipment was replaced in

the plant of one manufacturer with the installatioiv
of a M1KRO-PULVERIZER. In addition, cleaning time
was reduced from 6 hours down to 30 minutes.

Such savings among MIKRO users are not unusual.
These and similar advantages all stem from a
design especially suited and guaranteed for each
individual application—from a report and recom-
mendation made only after careful test and check
of the user’'s material in our laboratory and test
grinding department—Ihe services of which are

available without

cost or obligation.

Submitting a pro-
duction test sample
of your material for
test grinding may
provide the answer
you are seeking.
Write today for your
copy of our Confi-
dential Test Grind?
ing Data Sheet.

NO. 2TH MIKRO-PULVERIZER

PULVERIZING MACHINERY COMPANY
40 CHATHAM ROAD . SUMMIT, N .J.
NOW..2 TYPES TO MEET MOST PULVERIZING NEEDS

fynam the. S-ddosiX Sbed)]

H j 7ar's threat to the supply of mica stimulated research on
v** delamination equipment, and the National Bureau of
Standards succeeded in developing a machine which was fairly
adequate for the task of making thin sheets of mica. With the
new equipment splits of mica are made four times faster than
could be achieved by tedious hand splitting.

~k Since the first postwar import of wood pulp in June of last
year, the United States has received over, 800,000 short tons.
About 40% of this was unbleached sulfite, and 44% was un-
bleached sulfate.

Americans continue to have the highest per capita rate of soap
consumption in the world. It is now about 25 pounds a year per
person.

Tetradiphenylethane is more deadly than DDT in killing
mosquito larvae.

«fa Sunshine exerts a major influence on the vitamin C content
of tomatoes. When test tomato plants were allowed to mature
in the sun, the vitamin C level was half again as much as that of
shade-ripened fruit. Tomatoes from Fresno, Calif., had nearly
three times the vitamin C of Rhode Island tomatoes.

Butadiene production from alcohol at the Institute, W. Va,
plant has been ordered resumed, despite the comparatively high
cost of this method. The resumption was ordered because postr
war imports of natural rubber have increased more slowly theD
original estimates indicated.

January production of penicillin was' 1.3 billion units, 80%
above December, 1945, and nearly one-fifth the total output
for 1945. Total monthly manufacture is expected to exceed 2
billion units by April.

A gold-germanium alloy, containing 12% of the latter metal,
melts at only 673° F. and has desirable wearing and expansion
properties. About a ton of germanium is produced annually in
the United States as a by-product of cadmium manufacture, but
additional quantities could be obtained from zinc production.

Carbon black production in the United States approximate!)'
doubled during the war years. Estimated demand for 1946 will
equal the capacity output of 600,000 long tons because of ex
panded use in synthetic rubber tires, electrical equipment, and
ink, paint, and plastics.

A molten zirconium oxide spot only 0.003 inch in diameter ia
the light source of a new electrical lamp of high brilliancy and
efficiency, developed by Western Union. The new lamp is ex-
pected to have particular value as a light source in optical systems.

Demand for tin in the United States is twice the supply.

World-wide demand for oilsand fats is 9 billion pounds; only
6 billion pounds are available.

Lumber production is still well below the 1942 record
of 36 billion board feet- but the estimated 1946 output
of 30 billion board feet is 5 billion more than the 1939
supply. Green lumber
is no novelty on the
black market, but most
of the legitimate out-
put of established mills

ow is properly
seasoned.

Production of tung
ssissippi has
more than

tons in the past
five years.
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RESISTANCE, positive NON-ABSORPTION
N LARP GHEMICAL FCRCEHAIN

LAPP SPECIFIED CLAYS ARE NOT FOUND IN
“BACK DOOR” CLAY PITS...

LAPP has gone as far as necessary—even to England—to obtain carefully
selected clays that meet rigid LAPP specifications for plasticity, impurity
content, acidity and other important properties. And every carload is
scientifically inspected at the plant before the clay goes into production.

THE SECRET OF EXTRA STRENGTH, GENUINE NON-
POROSITY, IS THE LAPP VACUUM PROCESS . . .

LAPP Chemical Porcelain is made from liquid clay slip which passes
through this vacuum chamber. Here all air, in bubbles and in solution, is
boiled out. Subsequent operations are performed without incurring voids,
laminations or blebs.

THOROUGHLY VITRIFIED BODY PRODUCED
IN THE LAPP CONTINUOUS KILN ...

In LAPP’S 380-foot tunnel kiln temperatures exceeding 2250°E
are scientifically controlled. The formed clay is slowly broughtto
.the exact molten stage where complete vitrification occurs, fusing
the clay body into solid Porcelain, chemically inert and well
beyond the degree of vitrification found in ordinary ceramics.

You get all the “natural” advantages of in LAPP Chemical Porcelain. LAPP In-
ceramics developed to their highest degree sulator Co., Inc., Process Equipment Division,
when you install LAPP Chemical Porce- LeRoy, N. Y.

lain. Complete corrosion-resistance to all
acids (except HF), positive non-absorp-
tion, added mechanical strength are plus
advantages of LAPP Chemical Porcelain.
These are made possible by its extra dense,
homogeneous, thoroughly vitrified body.

LABORATORY QUALITY IN PLANT PRODUCTION WITH

Ifyou've had trouble with ceramics on a
problem that ceramics should solve—it
will pay you to experience the difference

VALVES « PIPE AND FITTINGS . RASCHIG RINGS « TOWERS . KETTLES . FILTERS . SPECIAL SHAPES



using

BUFLOVAK Rc
and Testing S

Modern semi-plant units em-

body most advanced design.

In the development of new and
better processes, BUFLOVAK can
help you save time and money by
processing your product in full
semi-plant scale.

To assist you in the solution of
processing problems and the de-
velopment of new methods,
BUFLOVAK operate modern Re-
search and Testing Laboratories.
Here practical research is conducted
on pilot-plant units; designed for
drying, evaporating and processing
foods or chemicals.

Vacuum Double Drum Dryer and Experimental
Evaporator in the BUFLOVAK Research Laboratory.

~ "rrm- m—tr-mc

BUFLOVAK Research and
Testing Laboratories

There’savaluable “Know-
How” learned through
completing more than
5000 processing tests.
May we share that ex-
perience with you?
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aguide to maximum production
and operating economy

farelative flowrates and capacities of standard grades

Dicalite filteraids are charted above. They afford
feired clarity with a wide range of flowrates. Liguors
Mare difficult to filter, temporary shortage of filter
topacity, liquors containing an unusual percentage of
Upended solids from colloidal to coarse in size—these
'ndother conditions may be corrected by selection of
Ngmost suitable Dicalite filteraid grade. You thus have
hand a "balancing" factor to insure maximum pro-
ton at lower cost,

the dicalite company cuicaco u

DICALITE
FILTERAIDS

. what they are
. what they do

ORIGIN —Dicalite filteraids are produced
from diatomaceous silica, a material depos-
ited several million years ago on the bottoms
of oceans and lakes. It is composed of the
"skeletons" of aquatic plants called diatoms.

STRUCTURE—Particles of the materials are
microscopic in size and "elongated" or
"needle-like" in shape, a structure found to
make most efficient filtering materials.

USE—The finished Dicalite materials are in
powder form and are used in conjunction
with filter presses or other equipment in filtra-
tion of liquids of all kinds, being added to
the liquid before filtering.

ACTION—As the liquid is pumped through
the filter, the particles of Dicalite filteraid
collect on the cloths or screens together with
the suspended solids being removed. As the
filter cake builds up, the filteraid particles
interlace and overlay in the fashion of a pile
of straws. Thus, millions of extremely fine
openings, continually forming, keep the filter
cake porous for liquid flow.

RESULTS—These openings are so small that
even the finest solids are trapped and held,
to give the liquids brilliant clarity. The open-
ings being so numerous, free flow through
the cake gives high flowrates and long filter
cycles.

NEW YORK 5 « LOS ANGELES 14
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7. Unusual application of Ughtnin Mixers to cyclic,
automatic batch operation.

2. Paint dip tank irregular shapes easily handled by
Ughtnin Mixers.

4. Note Lightnin Mixers ability to fit into odd corners

and different shaped tanks. transfer and uniformity.

UGHTNIN PORTABLES ..HANDY LOW COST AGITATORS

Where to use Portable Mixers

W hether your requirements call for mixers to operate on a wide range of tank
capacities and liquid viscosities or for permanent mounting on single tanks, you
can adapt “Lightnin” Portable Mixers to solve your problem efficienctly.
Designed primarily for open tanks up to 8 ft.,in depth, these mixers give all
of the benefits of Process Adapted Agitation. Available in >8to 3 H.P., direct or
[; gear drive for liquids up to 4000 centipoises at mixing temperature.

Watch these factors:

1. 1 he size of the batch does not affect the load. You can use a small mixer on
a 50 gal. or a 5,000 gal. batch without danger to the motor but mixing action
will be reduced to an unusable degree.
2. Watch the effect of viscosity. A mixer specified for water-like material
probably operates at 80% full load. Use this on a material like molasses, and you
3 overload and burn outyour motor. Specific gravity also affects load on propellers.
3. Don’t increase the propeller size. Propeller sizes are selected for specific
I viscosities. Increasing the propeller size can also overload and burn out motors.
4. Ask Mixing Equipment Co., whether your present mixer is adaptable to a
new use or whether a different size mixer will save time and trouble.

The Basis of Our Recommendations

Twenty-five years of experience have resulted in an organization, research
facilities and skill which qualify Mixing Equipment Company as a leading

| authority in the whole broad field of agitation. Mixing Equipment Company
offers its services in the solution of any problem involving controlled recircula-
tion of liquids to produce physical and chemical changes. See table.

Mixing Equipment
I Company Offers

A Blendi M ixi
I Complete coverage of indus-  Wisinie Imm s Tyst b SUPEIOn Heat
«trial areas with service for M9 Liquids Control  and Dispersioi  Solids

ij individual user and engineers Ssimple Mix* Washing of Precipitation Hydrogena  Siurries Stills
A in< of solu- Liquids Evaporation tion
| or equipment manufacturer,

ble liquids Extraction Systems Aeration

i - as in reduc- Contacting GasScrubbing filter aid, sels

if Assumption of responsmll— ing concen- Caustic Treat- Chlorination ; activated Heating

A . X N tration Gas Washing carbon Cooling

i ity for selection of mixer size, Emufsions Fullers

| types, performance, charac- Crytals
teristics within limits of exist- g >

[ ing technology.

MIXING EQUIPMENT CO., INC.
ROCHESTER 9, NEW YORK

1043 03rssn Avenue

Transfer

Slaking Lime  Evaporators
suspensionof:  Rfcactor Ves-

5. For food processing Ughtnin Mixers improve heat

t*

BROUGHT T
EVERY PROCESS THROUGH UGHTNIN PORTABLE MIXER

“UGHTNIN” FEATURES

. All types of motor enclosu&s

. Universal Clamp

B w e

sisting alloys
5. Low cost—Long life

3. Large capacity tanks are handled with ease,

small containers.

PORTABLE MIX-
ERS: /a to 10
H.P. for rim at-
tachments to
open tanks.
Gear and di-
rect drives.
Many exclusive
conveniences.
Off-center posi-
tioning. Extend-
ed bearing
sealed against
oil and grease
leaks.

LAB MIXERS —
Little brothers to
“Lightnin” Port-,
ables. 4 models
— Electric and
Air Driven. Des-
cribed in Bulle-
tin B77.

TOP ENTERING MIXERS:
— A wide range of sizes
for large or small tanks
— va to 50 H.P. for verti-
cal use on pressure or
vacuum vessels. Integral
mounting, all Impeller

and propellers. Illustra-
tion above—for open
tanks.

MIXING EQUIPMENT CO., INC.
1062 Garson Ave., Rochester 9, N.Y.
Please send me the literatureLchecked:
O B-66 and B-76 Side Entering Mixers
0 B-78—Top Entering Mixers 4

0O B-75—Portable Mixers (Electric and

0 B-77—Laboratory Mixers
0 Mi-11—Operating Data Sheet

Name.

. Ball-bearing throughout
All machinable corrosion re-

6. Lightnin Mixer supported separately for

SIDE ENTERING MIXERS—1top
H.P. for horizontal use. Any M
types. Radial Turbines tank. Propeller type only. Mt
models and drives. In use onto’
up t0 5,000,000 gallons capoctf?



