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STAND BY FOR FURTHER ORDERS!

WE FIND increasing uneasiness among young
chemical engineers who have difficulty in seeing how
they are actually helping in the war effort. Some of
them feel they should throw overboard their techni-
cal and professional {raining in order to enter the
armed forces. A still larger group would like to
2o to work for the government in some chemical
engineering capacity, or to transfer to a more essen-
tial type of industrial employment, yet to do so
they feel they may be accused of merely seeking
to dodge the draft. Nothing could be farther from
the truth.

Chemical engineers in any kind of war work—
and that includes a great many activities beside
making munitions—are probably serving the Nation
better in their present jobs than they would in
almost any capacity with the Army or the Navy.
Chemical engineers working in other than war
industries should continue where they are in pre-
paration for the time when greater numbers of
experienced men will be needed and cannot be
obtained except by transfer from existing indus-
tries. Just as the distilling industry has been com-
pletely converted to war production, so there will
be an inevitable switch-over to war activity on the
part of most of our other chemical and process
industries. Meanwhile the men working in these
plants form the only real chemical engineering
reserve we have in this country. They should be
kept in active training in-their chosen profession.
This means, of course, that the individual should
not only work as hard as he can at his regular job,
but should try actively to improve himself in other
lines of chemical engineering which he, himself, can
recognize as of increasing importance in the war
effort.

Dean Frank C. Whitmore of Penn State, who
has become a past master in educating local draft
boards, likes to call their attention to just two
figures, viz., 27 millions and one-quarter million.
The first refers to the total number of men up to
35 years of age who have registered in the Selective

Service System. The second number is slightly
ereater than the present total enrollment of tlie
National Roster of Scientific and Specialized Per-
sonnel, which includes ehemists, physicists, chemical
engineers, bacteriologists, geologists and other
scientifically trained men from the graduating
classes of 1942 up to the age of about 80 years. If
we are to lose this war, he holds that it will not be
because of the 27 millions but because the quarter
million is either too small or we have not used it
as effectively as we should.

Of the quarter million only about 60,000 are
chemists and chemical engineers. The fact that
even during the worst days of the depression only
about a thousand of these were ever unemployed
would seem to prove that they are needed to earry
on the normal peace-time operations of the country.
But the tremendous expansion of chemieal and
metallurgical industries and the intensive applica-
tion of war research and development now call for
a much larger proportion of technically trained
men. When the new synthetic rubber, magnesium,
aluminum and like munitions plants get into full
swing in 1943, the number of chemical engineers
needed for supervision and control will be far in
excess of the available supply, even with the com-
plete diversion of those still engaged in fields not
directly connected with the war program. So it
is vitally important that we have no more volun-
tary desertions or actual robbing of the chemical
engineering ranks, motivated by misguided patrio-
tism on the part of local draft boards or the recruit-
ing officers of the Army and Navy

Fortunately, there seems to be no such miscon-
ception or confusion in this matter in the attitude
of General Hershey and his ranking associates in
Selective Service Headquarters in Washington.
Likewise the public utterances of Administrator
Paul V. McNutt, chairman of the War Manpower
Commission seem to hold promise of a far better
appreciation of the key importance of the techni-
cally trained men on whom the war machine



depends for its design, construction and operation.
And, finally, there is the tiny, but gradually grow-
ing idea of a technological high command to muster
all of our scientific and engineering resources for
war roles of technology. So, in the welter of con-
fusing counsel, we urge that chemical engineers
should stand by their guns a while longer. New
orders of attack are in the making.

PATENTS AND RE-SALE PRICES

PATENTS are not yet a ‘‘lost art’’ but, under recent
court decisions, they seem to have less value than
formerly. Certainly the Supreme Court in a case
decided May 11 makes it clear that a patent does
not in any way extend a right to control re-sale
prices.

The case in question had to do with multifocal
eye-glass lenses. But it might just as well have been
some industrial chemical. The producer sold his
patented product to distributors under contracts
which attemped to do two things: first, the contract
eave a license to utilize a patented method of proc-
essing : second, the contract prescribed the price at
which the finished product should be sold to the
wearer of the eyeglasses.

The Supreme Court of the United States in this
case says that by sale of the article made under a
patent, the owner of the patent clearly has ex-
hausted his monopoly. The court repeats what it
considers a long-time policy fixed by all United
States courts, that the right to control stops when
the ownership of the patented article passes to the
customer.

Those who seek to maintain re-sale prices of their
trade-marked and nationally advertised goods must,
therefore, fall back on the Miller-Tydings Act as
their sole authority in federal statutes. When they
cannot clearly meet the conditions of that law, they
will be regarded by the courts as violating anti-
trust statutes whenever they undertake to control
re-sale prices. There seems to be no hope for excep-
tion from this generalization in the Court’s finding,
regardless of whether the patent be on a chemical
product, a device, or a process of making either.

COOPERATION OR COLLUSION?

BeTWEEN patriotic cooperation and illegal collusion,
the line is very vague. This is unfortunate. Many
worthwhile efforts that would save scarce goods or
services are not being made because of this doubt
in the minds of thoughtful industrialists.

It was hoped that the President’s admonition to
Assistant Attorney-General Arnold would result in
the laying aside for the duration of zealous prosecu-
tions which try to make eriminal acts out of every
cooperative gesture of industry. But this ardent
trust buster is not to be deterred, even by the
President’s implied warning. Industry must,
therefore, frequently take a chance on apparent
violation of the law in order to get things done.

There remain only a few activities which Mr.
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Arnold does not question. The work of technical
committees, the formulation of specifications, and
most of the types of constructive trade-association
activities are rarely attacked. Not so, however,
with many other highly desirable efforts.

Right now the chemical industry must, despite
this difficulty, try to find some way in which to
cooperate in handling goods in transport. The
shortage of transportation is so serious that the
industry may have to take the chance of incurring
Mr. Arnold’s wrath in order to move goods that are
absolutely vital to the war effort.

Such cooperation may often become practicable,
and legally defensible, if care is taken regarding
negotiations and arrangements. In planning trans-
portation, every step should be taken in close coop-
eration with and with the official knowledge of the
Office of Defense Transportation. 0.D.T.-Boss
Eastman must be asked to furnish technical aid,
both to protect the industries and to see to it that
each industrial effort harmonizes with the compre-
hensive national program. And tentative agree-
ments so reached can then be submitted with some
assurance to the Department of Justice for review
and criticism.

Similar arrangements with respect to the sharing
of raw materials must be made in cooperation with
the W.P.B. Some governmental agency must be
drawn in early in all cooperative efforts. Even then
Mr. Arnold may not be happy. But we still believe,
and certainly hope, that the Federal Courts will
not share Mr. Arnold’s zeal in undertaking to make
every cooperative effort an illegal thing per se.

MANPOWER CONSERVATION

IN THE nation’s drive for war production, we
sometimes think of time and material as the only
irreplaceable factors that limit the output of our
machines. We lose sight of the fact that last year
a rising toll of accidents claimed the lives of 101,500
persons, permanently disabled another 350,000 and
injured 3,750,000. In terms of production, indus-
try last year lost, from accidents alone, 460,000,000
man-days of work. That is enough time and
energy to have built twice as many battleships as
are to be found in the American and British navies
combined. To cut that toll by 20 percent, which
is well within the experience and expectancy of a
well ordered safety program, would buy us ten
battleships of the ‘‘North Carolina’’ class, 2,100
Flying Fortress, or 600 heavy tanks.

No wonder Donald Nelson has gotten squarely
behind President Roosevelt’s proclamation calling
on the officers and directors of the National Safety
Council ‘‘to mobilize its nation-wide resources in
leading a concerted and intensified campaign
against accidents and to call upon every citizen
in public and private capacity to enlist in this cam-
paign and do his part in preventing wastage of
human and material resources of the nation
through accidents.”’ No wonder that a group of the
nation’s leading industrialists, under the chairman-
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Some of the beds of bauxite lie close enough to the surface
to be mined by the open pit method

Large filter presses similar to this one will be used for remov-
ing the impurities from the ore

In large rotating kilns the aluminum trihydrate will be
heated white hot to drive off chemically combined water

The alumina will be shipped to an-
other plant nearby where it will be
reduced to metallic aluminum
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This pilot plant solved the problem of recovering sulphur from sour natural gas and converting the contaminating

hydrogen sulphide from a nuisance to a useful commercial product

Sulphur from Arkansas Sour Gas

JAMES A. LEE Managing Editor of Chem. & Met.

Chem. & Met. INTERPRETATION

A method has been successfully developed for the removal of
sulphur from the sour gas of Southwest Arkansas which may make
available for the first time in the state a source of elemental sulphur
for the production of sulphuric acid and other chemicals. Based on

estimates of gas reserves the total may be 1,500,000 tons.

Editor

EVERAL GAS FIELDS have recently
been discovered in Southwest
Arkansas. They are located west of
the Magnolia oil fields and south of
the fields in Buckner and Louisville,
and almost midway between the Ro-
dessa development in Southwest Ar-
kansas and Northwest Louisiana and
the Smackover fields in Arkansas.
The fields contain rich deposits of

content which through the efforts of
the Texas Gulf Sulphur Co. has been
demonstrated may be converted into
a supply of elemental sulphur for
the chemical industry of the state.
At present the gas acts as the lift-
ing vehicle in the production of oil
or distillate, but it is being wasted
when it reaches the ground surface
except for a small portion which is

in ultimate recovery. It is apparent,
therefore, that reasonably uniform
withdrawal of distillate and gas is
imperative in these fields, and it is
preferable that this withdrawal be at
a rate somewhat less than the water
drive to insure the satisfactory and
maximum production of distillate.
These gas fields, because they form
a substantial addition to the known
gas resources of this section of the
country, arve of real interest as the
source of cheap fuel. The gas, how-
ever, is a byproduct of the produc-
tion of oil or distillate. To prevent
the wasting of this valuable byprod-
uct, the state of Arkansas passed an
oil and gas conservation law known
as Act 105 of the 52nd General As-
sembly under which the Arkansas Oil
and Gas Commission has adopted
regulations to prevent such waste and

petrolenm condensate and natural used as fuel in well drilling. to obtain the greatest possible re-
gas. The distillate that is delivered at covery of its natural resources and
These ensrmous reserves of gas the well mouth along with gas in the to conserve gas for its more worth-

give the state a source of cheap fuel
which® Gov. Homer M. Adkins is
using with much success in his eam-
paign to attract war industries and
to industrialize the state by processing
Arkansas’ natural resources in Ar-
kansas. They also have another in-
teresting feature. They contain an
unusually large hydrogen sulphide

:80—6

Big Creek and McKamie fields is in
gaseous form in the producing hori-
zon, and as the pressure in the pro-
ducing horizon is about to decline,
there will be progressive condensation
and absorption of the distillate in
the producing horizon, the amount
being dependent on the reduction in
pressure with a ecorresponding loss
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while uses.

While petroleum condensate (60
deg. A.P.I.) can best be recovered
by mechanical separators erected at
the individual wells, natural gasoline
and butane can be recovered through
the installation of a central treating
plant to serve the entire field. -The
presence of hydrogen sulphide in the
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gas prevents the marketing of the gas
and in turn prevents the production
of petroleum condensate, natural gas-
oline and other hydrocarbons.

The hydrogen sulphide content of
the gas varies from 30 to 4,500 grains
per 100 cu.ft. Such gas to be useful
as fuel either for the industrial pur-
poses or for domestic uses must be
purified. Gas containing 360 grains
of hydrogen sulphide per 100 cu.ft.
may not be objectionable when used
directly as boiler fuel gas. Higher
concentrations of hydrogen sulphide
are objectionable because they con-
stitute a health hazard and also may
cause severe corrosion of equipment.
More than 14 grains of hydrogen
sulphide per 100 cu.ft. of gas is not
permitted in domestic gas because of
its corrosive effect.

It was suggested that a recycling
operation might be set up by means
of which pressure could be main-
tained and the distillate removed
which would convert the fields into
oil fields. At a-recent hearing, before
the Arkansas Oil and Gas Commis-
sion, it was pointed out by operators
and independent engineers that this
program would be too costly as the
sulphur would first have to be re-
moved from the gas which involves
reduetion to 600 lb. pressure and then
recompressing to 4,000 lb. for injee-
tion into the sand.

Because of the extreme “sourness”
of the gas, many technical men were
skeptical of the ability of any purifi-
cation process to sweeten it. The
Girdler Corp. dispelled all doubts on
this score by installing a pilot plant
in the McKamie field and demon-
strated that the gas could be purified
completely and economically.

The Girdler process will be used
in two large purification plants, one
for the McKamie Gas Cleaning Co.
and the other for the Arkansas Fuel
0il Co. The former will be located
in the McKamie field and the latter
near Kerlin to treat gas from the

Macedonia and Dorcheat fields. The
combined capacity of these plants
will be nearly 100,000,000 cu.ft. of
gas per day, part of which will be
used to provide fuel for the two alu-
minum plants under construction else-
where in the state.

The McKamie Gas Cleaning Co.
was incorporated under the laws of
Arkansas, on Nov. 12, 1941, for the
purpose of constructing a natural gas
treating plant having a capacity of
25,000,000 cu.ft. of gas a day. The
treating plant will remove restrie-
tions upon the production of valu-
able petrolenm condensate. Unless
the treating plant is erected the pro-
duction of condensate will be cur-
tailed. The plant will produce nat-
ural gas for the aluminum and pos-
sibly other war plants in the state.
It will also produce natural gasoline,
butanes, and hydrogen sulphide.

Briefly, the gas will be processed
as follows: The hydrocarbons exist in
the wells in a homogeneous vapor
phase at pressures above 4,000 1b. per
sq.in. The gas is brought to the sur-
face and as the pressure is reduced
to 800 1b. per sq.in. gage retrograde
continuous condensation of heavier
hydrocarbons takes place. It is then
separated from the distillate at this
pressure. Some operators further
disengage the gas in a second separa-
tor at a lower pressure. The raw gas
at separator pressure or upon re-
compression passes first to the Girbo-
tol plant where it is purified by a

_ water solution of monoethanolamine.

Gas originally containing as high as
5,000 grains of H:S per 100 cu. ft.
will be treated and the H:S content
reduced to less than 0.1 grain per
100 cu. ft. so that it will meet the
National Bureau of Standards lead
acetate test for sweet gas. After
purification it flows from the Girbotol
plant to a gasoline recovery plant
where natural gasoline and bufanes
are separated. The gas then passes
through a dehydration unit which re-

SULPHUR IN ARKANSAS SOUR GAS FIELDS

*Daily Production HaS per Possible Total sulphur
Reserves* 100 S. daily in

A 1 O Gas cu. ft. (in gr. gas reserves

Name 0il Gas (bbL) (cu. ft.) grains tons) (in. gr. tons)
Atlanta’ 335000 6 10 2,877 4,603,000 1,800 5.26 11,480
Big Creek Vi o5 3 67 241 6,025,000 335 1.28 14,310
Buckner. i ey 8 1 2,504 676,000 167 0.75 106
Dorcheat. .......... 18 144 1,988 21,027,000 2,400 32 220,400
Magnolia........... 161 200 18,948 16,845,000 895 9.55 114,200
Macedonia.......... 12 184 900 12,150,000 1,900 14.6 223,000
McKamie........... 37 427 3,200 22,080,000 4,500  63.4 1,225,000
Mt Holly i oeatise 5 10 400 1,600,000 374 0.38 2,385
Jones Podl.......... 35 50 13,500 24,300,000 30 0.46 956
Reynolds Pool....... 3 5 2,424 2,133,000 885 1.2 2,758
EVillage e {ioh Dh e aias 3 10 1,191 5,717,000 374 1.36 2,385

*0il in millions of barrels; gas in billions of cubic feet.
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moves sufficient water vapor to pre-
vent difficulties in transmission due
to the formation and accumulation
of hydrocarbon hydrates. The de-
hydration unit employs a solution of
amines and glycols which is very ef-
fective for removing water vapor.

The effluent from the Girbotol pilot
plant which contains on an average
of 58 percent by volume of hydrogen
sulphide, 41 percent of carbon dioxide
and 1 percent of hydrocarbons (me-
thane) on the dry basis passes to
a second pilot plant erected by the
Susearch Corp., subsidiary of the
Texas Gulf Sulphur Co., for the con-
version of hydrogen sulphidé to ele-
mental sulphur. This pilot plant was
located on the Cornelius Tank Farm
of the Carter Oil Co. near MeKamie,
Lafayette County. The design and
construction of the plant are the re-
sults of experiments which had been
under way for some time. In con-
nection with the pilot plant, there was
also a laboratory for control pur-
poses. The primary funection of the
plant was to solve by experimenta-
tion and research the problem of re-
covering sulphur from sour gas and
conversion of the contaminating hy-
drogen sulphide from a nuisance to
a useful commercial product. The
diagram of the plant shown on the
opposite page is based on the reac-
tion:

2 H:S + S0:=2 H.0 + 38.

About 25,000 cu.ft. per day of gas
are received from the Girbotol plant.
One-third of this gas, after being
mixed with the proper proportion of
air is burned, the combustion of the
hydrogen sulphide taking place in a

H.S is removed from natural gas in this
Girbotol pilot plant and sent to Susearch
pilot plant for conversion into sulphur




specially designed burner. The prod-
ucts of eombustion are then cooled to
a selected temperature in a chamber
provided with an explosion vent, and
are next mixed with the remaining
two-thirds of the original hydrogen
sulphide gas stream and caused to
enter the bottom of the catalyst cham-
ber, which is packed with a catalyst
of special composition. The gases
enter the catalyst chamber at about
450 deg. F. Here the hydrogen sul-
phide reacts with the sulphur dioxide
to form sulphur and water. The gases
leaving the catalyst chamber are im-
mediately cooled and forced through
the condensing system where the sul-
phur is drawn off in a molten state.

As a result of this small scale op-
eration it is proposed when construet-
ing a eommercial installation to burn
about one-third of the available H:S
acid gas under a small water tube
boiler with induced draft fan to sup-
ply air and give necessary pressure
for operating the system. It may be
necessary to install a cooler of some
type at outlet of the fan to lower the
temperature of the gases further than
can be done in the boiler, if steam
pressure is to be kept up, before be-
ing introduced into the eatalyst since
it is possible that after a period of
operation, the temperature of mixed
gases may have to be as low as 250
deg. F. in order to maintain a correct
temperature in the catalyst bed. It
is also possible that radiation may
take care of this need—a great deal
depending on the final design. It is
also just as true that provision may
have to be made to get some hotter
gases from the boiler than would be
expected of normal operation of the
boiler. The burned gases would dis-
charge from the fan through a 30
or 36-in. duect into a eatalyst cham-
ber about 15 ft. square and 10 or 12
ft. high. Secondary gas should be
introduced into the duet just ahead
of the catalyst ehamber. Duct and

Proportioning equipment for air and gas feeds to the com-
bustion chamber of the Susearch pilot plant

chamber ave to be lined and insulated.
Provision is to be made for draining
possible sulphur from the catalyst.
A number of vertical fire tube boilers
with two and one-half or three inch
tubes are to be used as condensers.
The first condenser boiler could be
used as a cooler and the steam gen-
erated used to maintain proper tem-
perature on the other condenser. A
scheme of piping may be worked
out as condensers. The tail gases can
be discharged to atmosphere through
a steam coil lined stack some 30 or
36 in. in diameter and 40 or 50 ft.
high.

Results of the pilot plant work dem-
onstrated that more than 80 percent
of the sulphur in the hydrogen sul-
phide can be easily and efficiently re-
covered in the form of brimstone. All
of the data collected, however, have
not been thoroughly appraised, hence
it is difficult to estimate at this time
the cost of converting hydrogen sul-
phide to sulphur. Whether or not it
will be feasible to install a large
sulphur recovery plant in connection
with each of the gas cleaning plants
now projected can only be determined
by a more careful survey of all the
factors concerned in the development
of the natural gas resources of Ar-
kansas.

ECONOMICS

Byproduet hydrogen sulphide has
been available in several localities for
many years. It has been estimated
that 35,000 tons of sulphur in the
form of hydrogen sulphide was be-
ing removed from fuel gases; how-
ever, of this quantity only three-
quarters was converted into saleable
form. In the smaller plants hydrogen
sulphide was burned as fuel since
production was too small to justify
installation of special equipment to
convert it to useful form. In Ger-
many byproduct hydrogen sulphide
has been converted to elemental sul-
phur, but prior to the discovery of

the new sour gas fields in Southwest
Arkansas such conversion has always
proved uneconomical in the United
States.

Utilization of the hydrogen sul-
phide in Arkansas presents peculiar
problems. Proposals to convert it to
sulphuric acid find some interest be-
cause the increasing need for avia-
tion gasoline has resulted in the in-
stallation of many new alkylation
plants in which sulphuric acid is re-
quired. However, acid must be con-
sumed within a radius of about 200
miles to be economical due to high
freight rates. The alternative seems
to be conversion of hydrogen sulphide
to some chemical product other than
sulphuric acid or the conversion to
sulphur in which form it may be read-
ily shipped greater distances.

Industry is at present engaged in
appraising the gas purification situa-
tion in an attempt to find a practical
and economical outlet for the by-
product hydrogen sulphide. It should
be noted that because of the limited
quantities of sulphide available in
certain areas only that available in
the MecKamie, Dorcheat and Mace-
donia, and possibly the Magnolia
fields, ecan be converted economically.
The total hydrogen sulphide available
from these fields, according to pres-
ent-day estimates, may be equivalent
to more than 100 net tons of sulphur
daily. Based on estimates of reserves,
the total available may be 1,500,000
tons with the major portion of 1,000,-
000 available in the MeKamie field.
Sinee it is impractical to eonvert this
quantity of hydrogen sulphide to
sulphuric acid, other uses must be
found. The simplest, of course, would
be the conversion of the hydrogen
sulphide to elemental sulphur. Plants
for such conversion, however, are ex-
pensive, therefore they probably can
be economically justified only where
the gas is high in hydrogen sulphide
and the supply large.

Left to right—Combustion chamber, cooler, mixing chamber
(H.S and SO.), catalyst chamber, condensers




Coolilig Tower Psychrometry—III

EDWARD SIMONS

Engineer, Redwood Manufacturers Co., San Francisco, Calif.

Chem. & Met. INTERPRETATION

Concluding a series of articles on psychrometry of water cooling
tower design, this installment is in three parts. The first presents
equations for counter-flow forced convection towers and includes an
original short-cut method of problem solution. Second part considers
heat as a driving force. The third is a discussion of heat exchange
and introduces the new concept of the cycle modulus.—Editors.

A SECTION of a typical counter-flow
cooling tower is represented by
Fig. 5. The rate of cooling in the
differential volume dV may be ex-
pressed by the equation

dQ = KDadV (43),
where K = overall coefficient of heat
transfer based upon the mass velocity
of the air; D = net effective driving
force difference causing cooling in
the section; a = active contact area
per unit volume of the apparatus;
V' = tower volume, and @ = rate of
heat exchange in the tower.

If the change in the water rate
due to evaporation within the tower
is neglected and if the speecific heat
of the water is taken at unity, the
energy balance for the differential
volume may be written as:

dQ = Gdh = L.dT (44),
where 7 is the enthalpy of the air.
If Dy is the mean net driving force
for the volume ¥, the heat rate @,
the air rate G, and the water rate L.,
and if K is constant, Eq. (43) and
Eq. (44) may be combined and in-
tegrated to yield

Ly (Ts — T) = KDyaV (45).

It may be shown® that the value of
D at any point in the tower is
[Pr—pw+ Z(T—t,)], where Z =
(sMg/r.M.) (B—p,). Fig. 6 indi-
cates values of Z for barometric pres-
sures from 22 in. through 30 in. Hg,
with barometric intervals of 1 in.

Table IV gives a step integrated
solution of a very extreme cooling
problem. Fig. 7 shows a plot of the
net effective driving force difference
versus the water temperature. The
data for Fig. 7 are contained in
Table IV. If the variation in the net
effective driving force difference were
linear with respect to the water tem-

perature, the logarithmic mean driv-
ing foree would apply. However, the
variation is not linear, and the use
of the logarithmic mean would result
in a driving force which would be
too large; the size of the designed
tower would be too small.

The value of A in Table IV (column
12) is the area exposed per pound
of dry air for cooling in a given step.
Thus, the summation of the step
values of K4 is equal to KaV/G. 1£
the basis of the air flow is 1 1b. of
air per min., Eq. (45) becomes

L (T — T)/G =
KDy (Summation A) (46).
Therefore,
Dy = Ly (T. — T\)/GKX
(Summation of 4) (47).

The heat given up in the cooling,
per pound of dry air, is (0.670 X

Fig. 5—Diagrammatic representation of

a typical counter-flow cooling tower. Fig.

6—Values of Z (see table of nomencla-

ture p. 85) for barometric pressures from
22 through 30 inches of mercury

FIG. 5 5
E

Conditions 2

Energy Exchange for dV:
dQ=Gdh=Ldt

i)

Conditions 1

Air
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57.0) or 3819 B.t.u. per lb. of dry
air per min. Dy is equal to 38.19
divided by the summation of KA, or,

Du = 38.19/102.4 = 0.373 in. Hg.

It has been possible to compute
and adjust a method whereby the
logarithmic mean of the net driving
force differences at the ends of the
tower may be used as a basis for
computation of an adjusted mean
effective driving force difference,
Dy. Let D, and D, be the net driving
force differences at the conditions 2
and 1 respectively. Then, the logarith-
mic mean is

Diw. = Dy — Dy/log (D./Dy) (48)
The value of the temperature 7. is
located as follows:

T, = T+ (T: = T)(Diw. — D)/

(Dy — Dy) (49).

When 7', has been found, the value
of the net driving foree difference at
T, is computed; the designation of
the driving foree is D,. The value
(R=Du/D.) is computed. The
curve of Fig. 8 indicates values of
). for various values of R. When the
proper value of X has been ascer-
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tained, the value of Dy is found by
use of the equation

Dy = R[AD: + Dim. (1 = N/

(R + 0.05) (50).

In the case of the problem of
Table IV, the following values appear
in solution for the adjusted logarith-
mic mean driving force difference:
De=1.962:8 D, =:0.1296 =D 50—
0.6726; T, = 77.0;' D, = 0.2880; B =
2.34; X =0.811; Dy = 0.353.

The value of Dy is 0.353 in. Hg
when calculated by the adjusted
method; the value is 0.373 in. Hg
when calculated by a step integra-
tion. The value calculated by the
adjusted method is 94.6 percent of
the step value; the logarithmiec mean
is 180 percent of the step value; and
the arithmetic mean is 279 percent
of the step value. The size of a
tower computed from the adjusted
value of Dy would be conservative.

HEAT AS A DRIVING FORCE

In the preceding discussion, the
driving forces have been in terms of
vapor pressure. It is possible to
state the equations in terms of the
enthalpy of the air**™ The net
driving force difference is then the
difference between the enthalpy of
saturated air at the water tempera-
ture and the enthalpy of the air in
contact with the water. Let f. be
equal to the surface coefficient for
heat transfer, and let &’ be the vap-
orization coefficient for use with a
driving force based upon the differ-
ence in the values of humidity of sat-
urated air at the bulk water tempera-
ture and the humidity in the air
stream. The humid specific heat of
the air stream is*

s = 024 + 0.45H (51).

The Lewis equation™™ holds rea-
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Fig. 7—Net effective driving force dif-

ference vs. water temperature: data con-

tained in Table IV. Fig. 8—Values of A\

for various values of R, used in solution
of Eq. (50)

sonably well for the evaporation of
water into air. It is stated as follows:
fe=FK's (52).
The enthalpy of the air is given by
the expression*
h =024 (t— 0) + H (1,061 +
0.45¢) 53).
The latent heat of saturated water
vapor in the air at temperature 7 is
the enthalpy of the vapor minus the
heat of the liquid above 32 deg. F. It
is given by the expression
rr = 1,061 4 0457 — T - 32 (54).
The differential increase in the
enthalpy of the air, dh, is the in-
crease in the sensible heat content of
the original air-water mixture; plus
the enthalpy of the evaporated water,
dH, at the temperature of the make-
up water, 7'; minus the sensible heat
of the evaporated make-up water

above the temperature of the final

dry-bulb of the heated and humidified
mixture. Thus,

dh = sdt + dH (rr + T — 32) —

0.45dH [T — (¢t + df))] (55a);
or, ;
Gdh = r7GdH + Gsdt —
0.45GdH (T — t — di) +
GdH (T — 32) (55b).

The mass transfer is (see Fig. 5)
GdH = K'adV (Hr — H) (56).
The equation for heat transfer into
the air is ;
Gsdt = f.adV (T — t) =
k'sadV (T — t) (67).
Eq. (56) is multiplied by rr and
added to Eq. (57):

r7GdH + Gsdl =
kadV [rr (Hr — H) +

(0.24 + 0.45H) (T — 1)] (58a).
From Eq. (55b)
reGdH + Gsdt = Gdh +
0.45 GdH (T — t — di) —
GdH (T — 32) (58b).

A combination of (54), (58a), and
(58b) yields

Gdh + 045 GdH (T — t — di) —

GdH (T — 32) = KadV [(hr —h) —
(Hr — H) (T — 32)] (68¢)

In Eq. (58c¢), the effect of omit-
ting the expressions “0.45GdH
(I —t—dt) — GdH (T —32)” and
“—KadV (Hr—H) (I—32)” is small
at the ordinary operation tempera-
tures of cooling towers, and Eq. (58¢)
may be simplified to the form

Gdh = ¥adV (hr — k) (59).

Eq. (55b) indicates that when the
reduction in water rate due to evap-
oration within the volume is neglected,
the energy balance for the differential
section of the tower volume may be
written

LdT = Gdh (44a).

If a mean effective value of the
driving force is established, and if
integration is performed between the

Table IV—Step integrated solution of an extreme cooling problem
Wet-bulb = 55.0 deg. F.: B, = 24.0in, Hg: L2/G = 0.670 Ib. water per Ib. air

(1) 2) (3) “) 5) (8) ) (8) (9) (10) (11 (12)

T > 1 T—tw Z 4)X(5) pr pe  (N—(8) D=(6)+(9) AQ KA=aQ/D
117 63.63  90.7 26.3  0.00898  0.2362 3.169 1.453 1.716 1.952 1.01 0.52
114 61,62 89.4 246 0.00896 0.2204 2.911 1.395 1.516 1.736 2.01 1.16
111 59.61 88.1 229 0.00805 0.2050 2.672 1.339  1.333 1.538 2.01 1.31
108 57.60 86.8 21.2 0.00894 0.1805 2.449 1.285  1.164  1.354 2.01 1.49
105 55.59 85.4 19.6  0.00893 0.1750 2.243  1.229  1.014  1.189 2,01 1.69
102 53.58 83.9 18.1  0.00892  0.1615 2.052 1.171  0.881  1.043 2.01 1.93
99  51.57 82.4 16.6  0.00891  0.1479 1.875 1.116 0.759  0.9069  2.01 2.22
98 49.56 80.8 15.2  0.00890 0.1353 1.712  1.060 0.652 0.7873  2.01 2,56
93 47.55 79.2 13.8  0.00889  0.1227 1.561 1.006  0.555  0.6777  2.01 2.97
90 45.54 77.5 12,5  0.00888  0.1110 1.422 0.9509 0.471 = 0.5820  1.68 2.89
88 4420 76.3 11.7  0.00887 0.1038 1.335 0.9138 0.421 0.5248 1.34 2.55
86 42.86 75.1 10.9  0.00886  0.0966 1.253  0.8780 0.376  0.4716 1.34 2.85
84 4152 73.8 10.2 0.00885 0.0003 1.175 0.8406 0.334 0.4243 1.34 3.18
82 40.18 725 9.5 0.00884 0.0840 1.102 0.8048 0.297 0.3810 1.34 3.52
80 38.84 T71.2 8.8 0.00884 0.0778 1.032  0.7701 0.262 0.3398 1.34 3.95
78 37.50 69.8 82 0.00883  0.0724 0.9666 0.7342 0.232 0.3044 1.34 4.41
76 36.16  68.4 7.6 0.00882  0.0670 .9046  0.6999 0.205 0.2720 1.34 4.93
74  34.82 66.9 7.1  0.00881  0.0625 0.8462 0.6646 0.182 0.2445 1.34 5.49
72 33.48 65.4 6.6  0.00880  0.0581 0.7912 0.6310 0.160  0.2181 1.34 6.15
70 32,14 63.8 6.2  0.00879  0.0545 0.7392 0.5968 0.142  0.1965 1.01 5.14
69 31.47 63.0 6.0 0.00879  0.0527 0.7144 0.5802 0.134  0.1867  0.670 3.59
68 30.80 62.2 5.8 0.00878 0.0509 0.6903 0.5641 0.126  0.1769  0.670 3.79
67 30.13 61.4 5.6 0.00878  0.0492 0.6669 0.5485 0.118  0.1672  0.670 4.01
66 29.46  60.5 5.5  0.00877  0.0482 0.6442 0.5313 0.113 0.1612  0.670 4.16
65 28,79  59.6 5.4  0.00877  0.0474 0.6222 0.5145 0.108 0.1554  0.670 4.31
64 2812  58.7 5.3  0.00876  0.0464 0.6009 0.4982 0.103 0.1404  0.670 4.48
63 27.45 57.8 5.2 0.00876  0.0456 0.5802 0.4824 0.0978 0.1434¢  0.670 4.67
62  28.78  56.9 5.1  0.00875  0.0446 0.5601 0.4669 0.0932 0.1378  0.670 4.87
61 26.11  56.0 5.0  0.00875  0.0438 0.5407 0.4520 0.0887 0.1325  0.670 5.06
60 25.44 55.0 5.0 0.00874  0.0437 0.5218 0.4359 0.0859 0.1296  0.335 2.58
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NOMENCLATURE

a = Area of active cooling surface per unit of tower volume, sq. ft. per cu. ft.

ar = Area of pzf;:king exposed to water flow, per unit of tower volume, sq. ft.
per cu. ft.

A = Area of cooling exposed in an integration step, sq. ft. per Ib. dry air.

b, = A function of the cycle modulus, Fig. 10.

b, = A function of the cycle modulus, Fig. 11.

B = Barometric pressure, in. Hg.

B. = Barometric pressure used in calculations involving comparison with basic
data at 30.0 in. barometer, in. Hg.

c = Height of a packing cycle, ft. per cycle.

D = Net driving force difference, or effective potential, in. Hg.

D, = Diffusivity, sq. ft. per min.

Di. . = Logarithmic mean net driving force difference, in. Hg.

Dy = Mean net driving force difference, in. Hg.

D. = Net driving force difference at water temperature 7', in. Hg.

fo = Overall coefficient of heat exchange by conduction and convection, B.t.u.
per sq. {t., deg. F. temp. diff., and min.

G = Rate of air flow through tower, Ib. bone dry air per min.

h = Enthalpy of the air-water mixture, B.t.u. per lb. dry air.

hr = Enthalpy of saturated air-water mixture at the temperature of the bulk

of the liquid, B.t.u. per lb. dry air.
H = Air humidity, lb. of water vapor per lb. bone dry air.
Hr = Humidity of saturated air at temperature 7, lb. per lb.

I = Cycle Modulus, g.p.m. per sq. ft. per cycle.

k = Vaporization coeflicient, or conductance for vapor transfer, lb. water
vapor per sq. ft. min., and in. Hg diff.

k! = Vaporization coefficient, or conductance for vapor transfer, lb. water
vapor per sq. ft., min., and lb. per Ib.

ke = Vaporization coefficient, Ib. moles per min., sq. ft., and atm.

K = Overall coefficient of heat exchange based upon the mass velocity of the
air, B.t.u. per sq. ft., min., and in. Hg diff.

L = Water rate through cooling tower, lb. per min.

m = Exponent used in calculation of K in 1q. (77), a function of I
M = Molecular weight of dry air
M. = Molecular weight of water
n = Exponent used in calculation of K in Eq. (78), a function of 1.
N. = The rate of diffusion of water vapor, moles per unit area and unit time.
NTU= Number of transfer units.
pax = Log mean partial pressure of inert gas, air, atmospheres.
pe = Partial pressure of water vapor in the main air stream, atm.
p: = Partial pressure water vapor at the interface, considered the pressure of
water vapor in saturated air at 7, atm.
= Saturated pressure of water vapor at the wet-bulb temperature, in. Hg.
P. = Total absoPute pressure, atm.

=
s

Po = Pressure of a gas, in. Hg. : :

q = One tenth of the apparent free convection value for K at B=30 in.

Q = Rate of exchange in a cooling tower, B.t.u. per min.

r = Ib,atent heat of vaporization of water vapor, B.t.u. per lb.

R = Di.m./D..

R. = The gas law constant.

3 = Humid specific heat air-water mixture, B.t.u. per deg. F., and lb. of dry

air.

S = Gross cross sectional area of cooling tower at right angles to the air flow,

all packing removed, sq. ft.

{ = Temperature of the air-water mixture, or dry-bulb temperature, deg. F.

t. = Wet-bulb temperature, deg. F.

T = Bulk temperature of the water, deg. F. .

T4 = Absolute temperature, deg. Rankine or Kelvin.

T. = Temperature of water at which D. occurs, deg. F. .

U. = Average linear velocity of air stream over packing surface, ft. per min.

Vs = Humid volume of air entering tower.

Ve = Molecular volume of air, '/

V. = Molecular volume of water vapor. '/

X = Effective total film thickness, unit length.

Z = General value of f./kr, in. Hg per deg. F.

3 = A factor to compensate for unwetted packing, equal to 0.30 + 1.907.

N = A function of R used in Eq. (50) for determination of Du.

> = The Sigma Function, in main air stream, B.t.u. per b, dry air.

= = Denotes sensible equivalence.

SUBSCRIPTS

M = A mean effective value.

T = Conditions at water temperature, 7'.

1 = Conditions at the air entrance and water exit of a counter-flow tower.

2 = Conditions at the water entrance and air exit of a counter-flow tower.
proper limits associated with the Eq. (60a) may be re-arranged as
tower volume, resultant equation is follows:

G (b2 — hy) = KaV (hr — B)x  (60a), (he — Rhi)/(hr — B)a =
where (hr—h)y is the mean effective KaV/G = NTU (60Db),
driving force potential. where NTU is the number of transfer
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units. The height of the packing di-
vided by the N7U gives the height of
a transfer unit. The transfer unit
corresponds to a change in enthalpy
equal to the mean driving force dif-
ference. The N7U is a measure of the

- difficulty of the ecooling operation.

The use of the enthalpy driving force
and the N7U concept offers an ap-
proach to a design method similar to
the method used in the design of
extraction towers.

In Eq. (58¢), the quantity “h,—Hx
(7—32)” is the sigma function for
saturated air at the temperature 7.
The quantity “hA—H (T—32)” is the
sigma function of the air stream less
the heat of liquid above the wet-bulb;
practically, it is the sigma function
of the air stream. The heat added to
the air stream per pound of dry air
is, from Eq. (27), ;

2= 2L (T — T)/G (27a).
Therefore, it is possible to set up a
practical design equation in terms of
the sigma funection of saturated air
at the temperature of the bulk of the
liquid and the sigma function of the
main air stream. The equation is
stated as follows:

GEZ—Z) =L(T:—T) =

kKaV (Er — E)u (600).

THE COEFFICIENT OF HEAT
EXCHANGE

The coefficient of heat exchange is
in terms of B.t.u. per min. per sq. ff.
of eontact area per in. Hg of driving
force difference. It is the product
of the mass transfer coefficient, or
conductance, and the latent heat of
the vapor. Coffey and Horne" made
tests to determine the value of this
coefficient; they proposed a straight
line formula for definition of K. In
1918, Carrier* presented straight line
formulas for K which were for the
cases of transverse and parallel flow;
a re-plotting of the Coffey and Horne
data indicated a close agreement with
the resultant plot of Carrier’s points
for transverse flow. The straight line
formulas showed the values of K to
be dependent upon the linear velocity
of the air stream passing over the
wetted surface. At zero linear vel-
ocity, the value of K was not zero;
the effect of free convection was in-
dicated. These experiments were per-
formed upon evaporators with wick-
covered surfaces.”

In a cooling tower, the surfaces
of the packing are covered with
moving water films, and the evapora-
tive action differs from the action
which occurs from a wick-covered
surface; the surface of a wick, due to
its texture, differs from the surface
of a water film. As the water passes
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Fig. 9—Ovate packing of the Redwood
Manufacturers Co. Clearances at the
various sections of the slots are: (1) 1.88
in.; (2) 1.75 in.; (3) 1.63 in.; (4) 1.53 in.;
(5) 1.48 in.; (6) 1.44 in.; (7) 1.43 in.; (8)
1.44 in.; (9) 1.60 in.; (10) 1.97 in. Aver-
age clearance is 1.62 in. Ratio of Uy to
gross velocity over S is 1.36

over the guiding surfaces of the pack-
ing, the films are affected by the
waves and by the stirring action.
Furthermore, the stirring action in
the water sheets has an effect upon the
rate at which the heat reaches the
inter-face of the transfer surface.
According to the basic concept of
Maxwell,"™ there is a resistance to
diffusion proportional to the num-
ber of molecules of the diffusing gas;
proportional to the number of mole-
cules of the gas through which dif-
fusion takes place; p10p01t10n'11 to
the difference between the velocity of
the diffusing gas in the direction of
net diffusion and the velocity of the
second gas; and proportional to the
length of the path in the direction
of net diffusion.

The following equation™ indi-
cates the evaporative rate for true
diffusion :

Ny = D; P. (p: — pa)/

R, T4 xpax (61).
where N, = rate of diffusion for
water vapor, mols per unit area and
unit time; D, = diffusion coefficient,
or diffusivity, (unit length)® per unit
time; pa. = total atmospheric pres-
sure, atmospheres; R. = gas-law con-
stant; T, = temperature, deg.K. or
deg. R.; @ = effective total film thick-
ness, unit length; p.x = log mean
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partial pressure of the inert gas, air,
atmospheres; p: = vapor pressure of
water at the inter-face, atmospheres;
pe = partial pressure of water vapor
in the main air stream, atmospheres.

The diffusion indicated by Eq. (61)
is for the case of truly stagnant fluid
layers. However, even in the turbu-
lent layers, the rate of eddy diffusion
may be assumed to be proportional
to the partial-pressure gradient, as
in true diffusion. And Eq. (61) may
be applied with success to the inter-
phase diffusion, involving transfer
across both the eddy layer and the
laminar layer.

The diffusion may be found from
the equation ™*

D, = 0.0043 T4 (1/M¢g —

1/ML)8/ P, (Vi1 A4 Vit B): = (62),
where 7', = temperature in deg. K.;
M;, = molecular weight of water
vapor; M, = molecular weight of dry
air; V;, Vg = molecular volumes. Eq.
(62) gives the value of D, in sq. em.
per see.

Let ke be defined by the following
equation:

ko = NL/(pi — Pa) (63)
Then, Eq. (63) combines with Eq.
(61) to yield

kg = Dy Po/Re T4 ZPan (64).
Sinee D, varies inversely with P, and
since « does not vary with the pres-
sure, it follows that ke varies inversely
as the partial pressure, p.x, of the
inert gas, air.

Let K represent the vaporization
coefficient in the simplified diffusion
equation

Ny M. =K.(Hr— H) (65)
where Hr = humidity of saturated
air at the temperature of the bulk of
the liquid, considered the humidity at
the interface, and H = humidity of
the main air stream. By the use of
the gas laws (see Eq. (5) for air
humiditv) y ;

Hr — H=

hal (B oL (60
Since, in most cases, p; and p, are
small compared to P, and since P,—
p: is approximately equal to both
P,—pc and puy, Eq. (66) may be
re-written

Hr— H =M. (pi— ps)/Mapan (67).
From Eq. (65),

kli= 1\'1, lWL/(HT b H) (68)~
But, from Eq. (63),
Ni = ke (pi — Po) (69).

Therefore, by substitution of (69) and
(67) in Eq. (68),
kK =keMa Pax (70).
Inspection of Eq. (70) indicates
that k’ varies as the product Kep.x.
However, since kg varies inversely as
pax, the product kepax does not vary
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with variation in the partial pressure
of the inert gas, air.

Let %k represent the vaporization
coefficient in the simplified diffusion
equation in which the vapor pressures
are in inches of mercury:

N My =k (pr — pa) (71).
Then, Eq. (65) may be combmed
with Eq. (71) to yield

k(pr—p)“'k'(Hr-‘H) (72)
Let B equal the barometric plessure
in inches of mercury. Then, in form
similar to Eq. (66),

k (pr — ps) = k' [pr/(B — pr) —

Do/ (B — p.)] (M1/Mo) (73).
If B—pr is assumed equal to B—p,,
k=KM./(B— p) Ma (74).

Since B—p, approximates the value
of the barometric pressure, & varies
approximately inversely as the
barometric pressure, since &/, M, and
M, are independent of pressure vari-
ations of the inert gas.

The value of % multiplied by the
latent heat of evaporation is equal to
K, the coefficient of heat exchange for
cooling tower action when the driving
forces are in terms of inches of mer-
cury pressure.

Nusselt ™ has shown experi-
mentally that, in heating air in the
range from 1.1 to 16 atm., the mass
veloeity of the air is the controlling
factor in the determination of the
coefficient of heat transfer by convee-
tion. The control by the mass velocity
is independent of pressure changes.
The Lewis equation indicates that &’
varies directly as f., and indirectly
as the humid heat, s. Therefore, %’
varies with the mass velocity of the
air; and k& must also vary with the
mass veloeity of the air. Colburn and
Hougen ** found that the vapor dif-
fusion coefficient varied as the mass
velocity to a fractional power. Sher-
wood ™™ cites experimental support
for the mass velocity control.

The exponents of the mass velocity
which are used in the determination
of coefficients for convection indicate
the approximate values of the ex-
ponents of the mass velocity to be
used in the determination of K. The
unit mass transfer conductance™
varies with the 0.37 power of the air
velocity for normal flow of the air,
with the 0.56 power for ftransverse
flow, and with the 0.80 power for
longitudinal flow. The data on trans-
verse flow over pipe coils™ indicate
valuations of the exponent which vary
from 0.45 to 0.65. London, Mason and
Boelter'™ stated a value of 0.48 for
streamlined  packing. Niederman,
Howe, Longwell, Seban, and Boelter
found that the exponent was 0.5 for
the wetted wall of a spray tower.”
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Comparative investigations indicate
that there may be variations in K
due to changes in the water rate. The
writer has found that these variations
may be considered in design by the
use of the eycle modulus, I. The cycle
modulus is defined by the equation

I = 0.120 Ly/Sa:c (75),
where I = the eycle modulus, gal. per
min. per sq. ft. per eycle; L, = initial
liquid rate, l1b. per min.; S = gross
cross sectional area of the tower at
right angles to the air flow (the open
area with packing removed), sq. ft.;
ar = the area of packing surface per
unit volume of tower, ft. per cu. ft.;
¢ = the cycle height, ft. per cycle. If,
in a symmetrically packed tower, the
water passes through a first section at
right angles to the direction of flow
and continues through the tower until
it passes a second parallel section
which cuts the packing so that the
sectional elements of the eut packing
are in perfect alignment with similar
elements cut by the first section, the
water has passed through the height
of one cycle.

The streamlined Ovate® packing of
the Redwood Manufacturers Co. (U.S.
Patent 2,207,272) is shown in Kig. 9.
The air flows over the surface with
transverse flow. The eycle height of
this packing is 7.50 in., or 0.625 ft.
The effective perimeter is 7.85 in.;
only this perimeter is considered ac-
tive. The narrow, flat width at the
trailing end is considered inactive
for cooling design, since this trailing
end is blanketed. However, the total
perimeter is considered in the com-
putation of the eyele modulus. Thus,
the value of a is 11.42 sq. ft. per cu. ft.
and the value of a; is 11.78 sq. ft. per
cu. ft. When the value of I is less than
0.370 gal. per min. per sq. ft. of eycle
surface, I should be multiplied by a
factor, « (alpha), to compensate for
unwetted surface:

a = 0.30 + 1.901

Fig. 10—Values for use in Eq. (77) for computation of K when linear velocity exceeds 300 ft. per min.

(76).

Fig. 10 is used for ovate packing
when the linear velocity exceeds 300
ft. per min. The formula for K is as
follows:

K = b,(12.8U./Vx)™(30)/B, (77),
where U, = the average linear velocity
of the air over the cooling surface,
ft. per min.; ¥, = humid volume of
air entering the tower; m = an ex-
ponent, a funetion of the cycle modu-
lus; b, = a coefficient, a function of
the cycle modulus.

Fig. 11 is for the computation of
K for ovate packing when the linear
velocity of the air is less than 300 ft.
per min. The values of K resulting
from the use of Fig. 11 are influenced
by an apparent free convection effect,
which is represented upon the chart
by the curve for g. Ten times the
value of ¢ is the apparent free con-
vection value.

The formula for K is as follows:

K = [10g — b. (128 U./V r)*/10]

(30/B.) (78),
where ¢ = a function of the eycle
modulus, one tenth of the apparent
free convection value of K; n = an
exponent, a function of the eyele mod-
ulus; b, = a coeflicient, a function of
the cycle modulus.

The exponent m of Fig. 10 for
forced convection is 0.63 for a cycle
modulus of zero. This value is in
agreement with the value of the ex-
ponent used for drying -caleula-
tions.® For a cycle modulus of zero,
the values of 10g and » from Fig. 11
show agreement with the results of
Carrier. The data of Figs. 10 and 11
are for the Ovate packing with
streamlined shape. Data for the pack-
ings of absorption equipment have
been given in which 0.8 is the value
of the exponent.***™ The values from
Fig. 10 indicate values of the ex-
ponent which approximate 0.5; this
exponent is in accordance with recent
work on packed towers.” The values
of K for ovate filling may be used

for transverse flow conditions with
rectangular packing sections and eycle
heights up to 16 in.

The reciprocal of %’ for ovate fill-
ing plotted against the reciprocal of
the mass velocity of the air to the
exponent m = 0.5 gives a line which
is practically straight and which
passes through the origin.”™ The indi-
cations are that the liquid film re-
sistance is negligible and that the gas
film is controlling. Dwyer and
Dodge® indicate that the diffusion

. coefficients should be nearly inde-

pendent uf temperature.

Since the values of the exponent m
for convection and diffusion show
agreement with the values of the ex-
ponent for ovate filling, it is sug-
gested that designs involving trans-
verse flow may be made using the
data for ovate packing with the eycle
moduli determined from Iq. (75).
The effect of the water drops is slight,
and the neglect of the drop-surface
effect introduces a conservative ele-
ment into the design. When packings
have blanketed surfaces,” the value
of 10g for the eyele modulus in ques-
tion may be used for the portion of
the surface which is exposed to the
reduced air flow. The actual blanketed
surface area may be considered as a
reduced area acting with the full
conductance of the fully efficient
surfaces.

In a spray tower, at constant
barometer, the conductance of the
area exposed by the spray does not
vary with the air rate;' the prin-
ciple variation in K is due to change
in the liquid rate. Therefore, in com-
paring the actions of a spray tower
at various air rates, the spray con-
ductance varies as the zero power of
the mass velocity of the air. Thus, a
change in the air rate in a spray tower
affects the driving force, but the con-
stancy of the conducetance tends to
stabilize the tower aection.

Fig. 11—For use in Eq.

(78), these values are used when linear velocity of air is less than 300 ft. per min.
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When water is sprayed into air,
some of the very fine drops are com-
pletely vaporized,"* and therefore
contribute nothing to the cooling of
the circulated liquid from which they
are sprayed. The relationship of the
Lewis modulus does not often hold
in spray installations; the heat con-
tent of the air is inereased and the
cooling potentials are reduced. Fur-
thermore, the liquid within the drops
is not subjected to mechanical stir-
ring; heat must pass from the heart
of the drop to the film by means
of convection and conduction. The
coeflicients of mass transfer and heat
transfer appear to decrease as the
temperatures of the liquid and the
gas are increased.

In some of the literature,”™** the
logarithmie mean driving force differ-
ence is used in the computation of
the coefficient of mass transfer. At
the higher inlet water temperatures,
the log mean driving force potential
is too great, and the calculated co-
efficient is less than the coefficient
which would be calculated from a
true mean value. Therefore, when the
log mean potential is used without
adjustment to the true mean, the
coefficient that corresponds to the
method of computation should be
used.

From Eq. (74) it may be shown
that

k' = 1.61k (B — pw) (79).
K is the product of k and the latent
heat. If the average value of the
latent heat is taken at 1,050 B.t.u.
per lb.,

k= K (B — p.)/652 (80a);
or, since (B—p.) approximates B,

k¥ = KB/652 (80Db).

The step solution of Table IV is
for a barometric pressure of 24.0 in.
Thus, for the problem of Table IV,
the following solution by means of
the sigma function driving force
difference shows the agreement of
the method with the vapor pressure
driving force method.

From Eq. (80b), with a value of B
equal to 24.0 in., K’ equals 0.0368K.
Then,

KDy = 0.0368K (Er — Z)x (81a).
and,
Dy = 0.0368 Cr — ) (81b).

The driving forces are: (3,—=). =
61.97; (2;—=)1=3.62; (Zr—2) 1.m.=
20.57; T.=176.6; (3—=),=17.99;
R =257; A=0.822; (5—)x=
10.00. The value of D, from Eq.
(81b) is therefore 0.368 in. Hg. This
value is in excellent agreement with
the value of 0.373 in. Hg which was
computed by the step integration
process.
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Since &’ is practically independent
of variation in the barometric pres-
sure, and since the sigma function
driving forece is a reliable approxima-
tion for design, Eq. (60c) is indi-
cated as an efficient means of calcu-
lation for use in design caleculations
and calculations for the comparison
of operation under various conditions.

CONCLUSIONS

1. The adjusted logarithmiec mean
driving force difference may be used
to compute the mean effective driving
potential. The method gives reason-
able accuracy of solution, and the
long and tedious process of step in-
tegration is replaced by a short-cut
method.

2. The relationship expressed by
the Lewis equation makes possible the
establishment of a driving force sys-
tem which is in terms of enthalpy dif-
ferences.. The adjusted logarithmic
mean driving force method applies to
the solution by enthalpies.

3. K is inversely proportional to
the log mean pressure of the inert gas,
air; it is approximately inversely
proportional to the barometric pres-
sure.

4. I/ is practically independent of
the partial pressure of the inert gas,
and 1is, therefore, practically inde-
pendent of variations in the baromet-
ric pressure.

5. The cycle modulus is used as a
basis for the determination of K at
various liquid rates; a decreased
ceyele modulus is indicative of thinner
water sheets.

6. K and K’ vary approximately as
the 0.5 power of the mass velocity of
the air for transverse flow of the
air over the packing.

7. K (for packed surface) is nearly
independent of temperature. For

spray surface, the conductance ap-
pears to decrease with increase in
temperature.

8. The driving force based upon
the sigma function difference is in-
dicated as a reliable factor for prac-
tical design. For practical calcula-
tions, ¥’ is independent of variation
in the barometric pressure; k' varies
with the mass velocity of the air.
When the sigma function basis is
used, the transfer unit corresponds
to a change in the sigma function
of the main air stream equal to the
mean effective driving force poten-
tial expressed as a sigma function
difference.
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REVIEW AND SUMMARY

After an introductory review of psy-
chrometric principles, the first of this
series of three articles discussed the
straight-line formula of Goodman for
enthalpy and latent heat, and the energy
equation for cooling tower operation in

terms of the sigma function of Carrier.

In the part which appeared in the May
issue of Chem. & Met., the author pre-
sented what is believed to be a new and
hitherto unpublished graphical method
for use in determining outgoing air con-
ditions with varying temperature of
make-up water. Method of drawing
this “psychrometric polygon” on the fa-
miliar humidity chart was given. Also
in this part was the derivation of equa-
tions with methods of use whereby a
humidity chart for 30-in. barometer con-
ditions could be used at any barometric
pressure.

In the present paper are differential
and integrated equations for counter-
flow forced conveetion cooling towers.
A step-integration of an extreme case
(Table IV) is compared with the author’s
original short-cut method of using an
adjusted logarithmic mean driving force
for the solution of such problems. Also

e JUNE 19j2 e

considered is heat as a driving force.
(In the author's previous series vapor
pressure was used as the driving force;
temperature was converted to vapor
pressure.) Consideration of the driving
forces in terms of the sigma function
indicate that it is superior to the
enthalpy driving force.

Under the general heading of ‘“coeffi-
cient of heat exchange” are the funda-
mental equations of diffusion and dif-
fusivity, coefficients for use with vapor
pressure difference and with concentra-
tion (humidity) difference. Effects of
variations in barometric pressure and
mass velocity of air in packed towers are
considered. Also in this section is the
description of the cycle modulus—an
original concept the use of which enables
the designer to adjust the diffusion co-
efficient for practically any liquid .con-
centration over the surface of the pack-
ing. The extreme problem previously
presented is solved using the sigma
function driving force and adjusted
values of the diffusion coefficient. Curves
for use with the cycle modulus are in-
cluded. Value of the diffusion coefficient
for staggered ' rectangular packings or
for ovate packings may be determined.
—EBditors.
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Southwestern Chemical
Resources and Trends

TO EXECUTIVES AND ENGINEERS OF CHEMICAL ENTERPRISES

With every effort being made to locate new sources of raw materials
and sites for new war-time production, the accompanying presenta-
tions of the natural resources of each of the states of the Southwest,
Arkansas, Louisiana, Oklahoma and Texas., by leading authorities,
should be of timely interest. This region west of the Mississippi Riverv
and north of the Gulf of Mexico is the richest in natural resources of
any in the entire country. Due to this attraction, to the fact that the
area is still comparatively undeveloped industrially, and because it
is generally recognized that production costs are lower than in the
East and Middle West, most of the leading chemical companies have
already moved in, while others are known to be considering decen-
tralization in connection with their post-war planning. In addition to
these discussions of resources the report also includes a survey of

trends in the industrialization of the Southwest.
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Southwestern Chemical

Resources and Trends

SUMMARY AND CONCLUSION

Every few years Chem. & Met. has reported to its
readers the trends in the industrial development of
the South. These reports generally emphasized the
states east of the Mississippi River. However, the
wealth of mineral resources west of the river, and the
tremendous strides in development of that area re-
cently have made it necessary to devote an entire
report to the Southwest.

Some of the conclusions that stand out are as follows:

This section has the greatest wealth of natural re-
sources of any in the United States. With the discovery
of oil came industry, and with the finding of natural
gas and development of other resources came an ac-
‘celeration of the movement. And since the resources
had greatest appeal to the process industries, most
of the activity has been by this group.

The war program is advancing industrialization of
the Southwest at a tremendous rate, bringing chem-
ical organizations to the area who otherwise would not

have come for many years.

Many of the plants are making products for which
there has long been a need. And producers of alumi-
num, magnesium, synthetic rubber and organic chem-
icals are finding it more economical to manufacture
at the source of raw materials. Therefore, the post-war
retrenchments are not likely to be as serious in the
Southwest as in other sections of the country.

IE SOUTHWESTERN STATES (Ar-

kansas, Louisiana, Oklahoma
and Texas) are benefiting by a wave
of industrialization which‘began sev-
eral years ago and is being given
enormous impetus by this second
world war. The movement has been
favored by an abundance of excel-
lent natural resources, especially fuel,
by cheaper transportation and a
milder climate, and by lower taxes
and labor costs than in the East and
Middlewest. Most of this recent ex-
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pansion in the area has been within
the process industries for it is this
group that stands to gain most from
the crude petroleum and natural gas
for both fuel and sources of many
organie chemicals, the sulphur, salt,
bauxite, and a long list of other min-
erals that are the bases of many of
the chemical industries. This section
probably has a greater array of
natural wealth than any other.

In the present emergency, the
Southwest is benefiting from the de-

cenfralization of defense industries.
This policy may be partially ex-
plained by the federal government's
desire to avoid a repetition of the
experience of the first world war,
when concentration of war industries
in the Northeast caused considerable
congestion, and delays in transporta-
tion, but move correctly by the ad-
visability of proecessing the raw ma-
terials at or near their source. Al-
though, as a general policy, the gov-
ernment is now locating war plants
at inland points several hundred
miles from the coast lines, this rule
has to be disregarded in some cases,
such as the plant for producing mag-
nesium from sea water.

General engineering construetion
in the Southwest has been at a greatly
accelerated rate rvecently. In 1941,
$949,502,000 were spent for new
buildings, which ecompares with only
$227,741,000 for 1938, a compar-
atively normal year. As greaf as was
the building construction last year
it was small compared to the rate
during the current year when it has
been 240 percent greater than in the
corresponding five months of 1941.
Much of this new construetion was
for process industry plants. From
the accompanying map it may be
seen that a large percentage of funds
spent last year was for government
financed plants and equipment.

The total war contracts for the
Southwest, according to the National
Industrial Conference Board in the
period from June, 1940, to Jan. 1942,
reached $2,242,000,000 which had
been awarded as follows: Arkansas
$214,000,000, Louisiana $355,000,000,
Oklahoma $348,000,000, and Texas
$1,325,000,000.

Arkansas—This state has a great
abundance of natural resources and
is ripe for industrial development,
but until quite recently it has been
content to extract bauxite, pefroleum,
natural gas and other minerals and
ship them out of the state to be pro-
cessed. However, the present ad-
ministration at Little Rock has seen

. the need for greater industrialization

and has had considerable sucecess in
its efforts to attraet industrial enter-
prises. Arkansas now has an ammo-
nia plant, two kraft pulp and paper
mills, several pefroleum vrefineries,
and shortly will have a tremendous
plant for converting the enormous
deposits of bauxite into alumina, and
another plant for reducing the oxide
to metallic aluminum.
Louisiana—The area around New
Orleans has long been a center of
process industries, and more recently
other centers of manufacturing have
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developed, Baton Rouge, Lake
Charles, Shreveport and Monroe.

New Orleans is a large producer
of alechol, cottonseed oil, refined
cane sugar, heavy chemicals, fertiliz-
ers and other products; and recent-
ly to these have been added others,
such as cement, printing ink, asphalt
emulsion and roofing. The first in-
dustry of any importance in Baton
Rouge was a refinery for processing
the petroleum from the oil fields of
this and other states. It became a
lodestone attracting other plants,
acid, alkali (both electrolytic and
ammonia-soda) tetraethyl lead and
metallic sodium.

Lake Charles is the location of an
ammonia-soda plant using salt and
oyster shells from sources nearby.
Recently a petroleum refinery has
been built to process the oil from the
fields in the neighborhood. Shreve-
port has its natural gas and petro-
leam. Just to the north at Spring-
hill is the largest kraft pulp and
paper mill in the United States. And
at Monroe is another large kraft mill,
an alum plant and other industries.
Other kraft mills are located at Bas-
trop, Hodge and Bogalusa. And
scattered over the state are numer-
ous other process industries plants.

Olklahoma — Although only fwo
generafions removed from the Indian
settlement period, Oklahoma has
made remarkable industrial progress.
Today, it is one of the leading pro-
ducers of petroleum produets, with
approximately 25 refineries and a
large number of natural gasoline
plants. One of its cities, Tulsa, is
known as the “Oil Capital of the
World”. However, Oklahoma has
diversified industries. Among the
most important are: glass contain-
ers, cottonseed oil and insecticides.
There are several chemical indus-
tries, one of the most important is at
Tulsa. The products include sul-
phuric and hydrochloric acids, salt
cake and sulphate of potash. Af
Tallant is located a producer of for-
maldehyde and methyl aleohol from
natural gas. There are only three
other producers of formaldehyde in
the entire country. Copper sulphate
in liquid form for flotation purposes
is made in a plant at Cardin. Sodium
hypochlorite bleach is made by com-
panies at Bristow, Barnsdale and
Oklahoma City. There are two large
paint manufacturers at Tulsa and
several small ones scattered over the
state. TFour plants make asphalt
emulsions.

Texas—Probably no one needs to
be told that the petroleum industry
is responsible for much of the indus-
trial progress made by Texas since
the discovery of Spindletop near
Beaumont in 1901. Directly or in-
directly oil has contributed enorm-
ously to the trend toward industriali-
zation in the state. There are in the
neighborhood of 150 refineries. Sev-
cral of the largest are producing
enormous  volumes of chemiecals.
Others are turning their waste gases
over to neighboring plants where they
are used in producing synthefic or-
ganie chemicals. The utilization of
natural gas as a raw material for the
manufacture of chemiecals has ad-
anced far enough to demonstrate
the potentialities in this line.

Until a few years ago the prin-
cipal industries in addition to petro-
leum were cotton gins and cottonseed
oil mills, cattle, lumber, and sulphur.
In 1936, the importance of East
Texas pine forests were realized as
a source of cellulose. Shortly there-
after a large mill was built on the
Houston Ship Channel to produce
sulphate pulp and paper, and a news-
print mill was erected at Lufkin.
About this time an ammonia-soda
plant was located at Corpus Christi.

In the period between June, 1940 and January 1942, contracts for war plants and facilities for the four
states of the Southwest reached $737,000,000

Sovurce: National Industrial Conference Board
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To this plant has been added an
electrolytic chlorine plant. Very re-
cently have come a host of other

DATA ON CHEMICAL AND ALLIED INDUSTRIES process industries, paint and var-
Source: Census of Manufactures, 1939 nish, soap, glass containers, silicate
Cost of v of soda, ete.
Materials, 5 + .
State and Tndustry o Cantainens e alue of The Southwest is contributing to
ARKANSAS Tk ments Earnom 10 $1,000 Az 81,000 - the war effort. This area, which ac-
RKAN - - ;
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Fapechoard consainecy, B ‘13(:)5 0 25 e B 1939, has been awarded 10.4 per-
etroleum refini ’ o \
b o NG i e o2 : cent of all 'govemment war plants.
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LOUISIANA . construction _of plants to produ'ce
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emi 1 11, 32,507 ' ie 1 . i jericinel
Qo préesci Gad Hiqehad panesth + i e thetic rubber, allfmmum, pieric acid
Cottenseed oil, cake, meal, lnters. 2 72 8,388 and other materials for the armed
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Liquors, rectified or ble: 3 5 21 172 N . 1v .
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'S, N. €. C...

‘;e:'}ammﬁmgm 5,0 ! Oklahoma, $107,000,000; and Texas
etreleum refining 1 ,629 Thic 3
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POWER IN THE SOUTHWEST

Preliminary as of November 1, 191

Generator Capacity in Kilowatts of Plants Operated by
One Type of Prime Mover * Combination of Two or More Types
No.
of No. Total Internal Internal
Division and State | Com-| of Capacity Water Power Steam Power Combustion Total Water | Steam | Comb.
pan- | Plants| Kilowatts Engines Power | Power | Engines
ies
Num- Num- Num-| Ca- |Num-| Ca- Ca- Ca- Ca-
ber Capacity ber Capacity ber pacity ber pacity | pacity | pacity | pacity
United States....... 1,786 3,872 43,491,371| 1,399] 11,949,170| 1,124] 29,777,446 1,132| 846,276 217| 918,489/ 266,683| 504,098 147,708
West South Cent. ... 184 414 2,235,720 32 277,893 99 1,718,568 272| 201,037 11| 38,222 654 25,416 12,152
Arkansas......... 26 51 155,536 5 67,008 17 69,850 29| 18,678 0 0 0| 0 0
Louisiana. ........ 37 63 419,126 0 0 9 373,770 53| 43,606 1 1,750 0 850 900
Oklahoma......... 58] 102 428,920 3 58,800 23 314,698 72| 51,832 4] 3,590 424 516| 2,650
Texas i Pt 63| 198 1,232,138 24 152,085 50, 960,250 1183/ 86,921 6| 32,882 230[ 24,050 8,602
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ARKANSAS’' natural resourses herald

important indusirial developments

L. A. HENRY Director of State' Planning Board, Little Rock

Af{KANSAS has long been a pro-

ducer of bauxite, petroleum and
other raw materials for the chemical
process industries, but strangely the
vast natural resources have been
shipped out of the State to be pro-
cessed. However, this situation is
changing. The State appears to be
in a state of transition. Governor
Homer M. Adkins is actively leading
a campaign to industrialize Arkansas
and already much progress has been
made in this direction.

Pine forests are being converted
into pulp and paper in local mills,
petroleum is made into numerous
products in refineries near the fields,
sands are converted into glass, cot-
tonseed oil is processed, and soon the
tremendous deposits of bauxite will
be converted at nearby plants into
alumina and aluminum. The momen-
tum of this trend should be acceler-
ated as the advantages of low cost
fuels and the vast potential natural
resources of Arkansas become better
known.

Bauxite—The largest bauxite pro-
ducing area in the United States is
in central Arkansas. Here the ore
oceurs in two separate districts—one
in Saline County and the ofher in
Pulaski County. The former is by
far the larger. The mineral has been
mined in the state since the turn of
the century. Much open-cut mining
still continues, but where the over-
burden has become too thick for
open-cut work, drifts and tunnels
have been extended underground fol-
lowed by sinking of shafts.

Arkansas is  now  producing
approximately 1,000,000 long tons of
bauxite ore annually. In 1941, this
state was responsible for 95 percent
of the domestic production. At the
present time a major plant is under
construction which will eonvert the
bauxite to alumina. This plant will
be in a position to supply alumina
not only to the Arkansas reduction
plant, which is also now under con-
struction, but also to other aluminum
plants throughout the nation. While
the entire output of the new metal
plant will go directly into the war
effort, after the war is over this indus-
trial development will provide an
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important supply of aluminum for
local indusfrial applications.

Petroleum—Minerals of greatest
present economie importance in addi-
tion to bauxite are petroleum and
coal. These three accounted for
about 82 percent of the total value
of all minerals produced during 1939.
In the southern part of the state there
are 28 oil and gas producing fields
in six counties; 15 are strictly oil
producing fields and 13 produce both
oil and gas.

Coal—The area of workable coal
lands within the state containing
semi-anthracite and bituminous coal
is estimated at between 300 and 350
sq. miles. Known reserves of coal
are considered adequate for pro-
tracted periods.

Natural Gas—There are tremendous
reserves of natural gas in the state.
In 1939 and 1940 the southern fields

of Big Creek, Dorcheat and MeKa-
mie were discovered. The total de-
veloped reserves of this area at the
present time exceed 850 billion cu.ft.
and are steadily being increased
through the discovery and develop-
ment of new fields. These newly dis-
covered gas reserves offer industry
large supplies for fuel or raw ma-
terial.

The gas is of the sour type, carry-
ing a hydrogen sulphide content
which varies from 300 to 4,500 grains
per 100 cu.ft. It readily yields to a
purification treatment at low cost.
Following the desulphurization proec-
ess the gas is in every respect the
equal of sweet gas.

Sulphur—The large reserves of na-
tural gas of the sour type may soon
be the source of a supply of sulphur
for the production of sulphurie acid
and other chemicals. See page 80 of
this issue for further information.

Rutile and Brookite—Arkansas is
now forging ahead into first place in
the United States as a producer of
these ores, from which titanium oxide
is recovered. A single operation pro-
duced uniformly 4,250 tons over a
period of eight years. (1934-1941).
The available ores are by no means
exhausted, there being ample assured
supplies to sustain long time opera-

Arkansas is the principal source of bauxite in this country, but also has
many other natural resources that are beginning to attract the attention
of the process industries managements
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tions of several plants equal to or
exceeding capacity of the present
operations. These ores lend them-
selves to cheap methods of mining.

Abrasive Materials—Raw abrasive
materials such as tripoli or soft silica,
novaculite, a variety of chert or mas-
sive silica, and chalk for finer abra-
sives and polishes are available in
commercial quantities. In addition
to the above, reserves of bauxite are
available for the manufacture of
aluminum oxide abrasives. At the
present time the demand for alumi-
num metal has limited the amount of
bauxite which is made available for
abrasives manufacture.

Cement Materials—The resources
of cement materials in Arkansas have
never been fully utilized. High-eal-
cium limestones, calcareous marls,
and fossil shale beds constitute an
adequate source of calcium oxide.
Large deposits of clay ean be drawn
upon as a source of Al:0s: and siliea.
Low-grade iron ores are available as
a source of iron oxide. Raw mate-
rials for a variety of special cements
are available. This includes bauxite
for aluminous cement, gypsum for
rapid setting cements, and dolomite
for refractory patching.

Ceramic Materials—A variety of
clay types is now being used by ce-
ramic indusfries in Arkansas. Brick,
tile, sewer pipe, and pottery elays
are the most prominent types. High
grade kaolins. and bentonite are
available for a variety of ceramic
uses. The materials for the manu-
facture of glass and glass produets
are being worked in the northern part
of the state. Silica sand is the out-
standing raw material. Abundant
reserves of manganese for coloring
certain glasses and for decolorizing
optical and lamp glass are available.
This source of manganese is also
available to manufacturers of porce-

Much open-cut mining of bauxite continues in Arkansas.

27,254,000 long tons of ore.

lain enamel and to manufacturers of
colored brick, pottery, and tile.

Fertilizer Materials—The leading
potential raw material for a fertilizer
industry is the phosphate rock depos-
its of northeastern Arkansas. The
possibility of a cheap source of sul-
phurie acid from the sour gas fields
of southern Arkansas brings consider-
able attention to these phosphate de-
posits. for the first time. The con-
sumption of super-phosphate in the
area west of the Mississippi River is
great enough to absorb large quan-
tities of locally produced fertilizer.

Quantities of the agricultural lime
have been produced in northern Ar-
kansas for many years. Supplies of
dolomite to be used as a filler in fer-
tilizer are very extensive. In the
southern part of the state widespread
deposits of both chalk and green sand
marls are available for use in fer-
tilizer manufacture.

Paint Materials—A wealth of raw
materials for paint manufacture are
known in Arkansas. .It is possible
here to mention only such basic raw
materials as cottonseed oil, mineral
pigments (ochers, umbers, siennas,
and terra verte), and a variety of
filler materials including tripoli,
chalk, fuller’s earth, and gypsum.
The deposits of titanium oxide may
eventually provide the basis for a
titanium-white production within the
boundaries of the state.

Cellulose—The paper industry is
already well established although con-
siderable room for expansion is avail-
able. Bulk raw materials in the form
of pulp wood and rice straw are
available as well as are a number of
auxiliary raw materials, such as clay
fillers and brown dyes. .

Plastics Materials—Arkansas is in
a position to foster the growth and
expansion of the plastics industry by
making available its tremendous sup-

The state is producing

In 1941, it was responsible for 95 percent of the

domestic bauxite production

plies of natural gas, oil, coal, and
timber as essential, primary require-
ments. Supplies of cotton are avail-
able for the manufacture of cellulose
acetate plastics. Immense reserves of
lignite, a possible source of raw ma-
terials for the plastics field, are wide-
ly developed in Arkansas. Byprod-
uets from the paper and lumber mills,
such as sawdust and other waste,
must be considered as a possible
source of material. Fillers, dyestuffs,
and similar subsidiary produets re-
quired by the plastics industry are
nlso present.

Manganese—Two distriets in Ar-
kansas are now producing manga-
nese for the steel industry. The larg-
est of these producing areas lies in
Independence County in the vicinity
of Batesville. The ore from this dis-
triet ranges from high-grade oxide
material containing over 70 percent
manganese to low-grade carbonate
ores containing a minimum of 18 per-
cent manganese. Construction of a
beneficiation plant to treat the low-
grade ores is now being planned by
the War Production Board. The re-
serves of low-grade ore are known to
be in the neighborhood of 500,000
tons.

Manganese oxides ores are now be-
ing produced in Southwestern Ar-
kansas in what is locally known as
the “Western District.” No accurate
estimate of the reserves in this area
has ever been made, but in the aggre-
gate the amount of manganese pres-
ent is very large. A portion of the
production from the Western Dis-
triet is now being purchased by the
Metals Reserve Co., and stockpiled
at Gurdon, Ark.

Arkansas manganese production
serves as a source of raw material
for the manufacture of dry batteries,
porcelain  enamel, building brick,
glazed pottery, plastics, welding rods,
chemicals, varnish, and floor tile.
Electrolytic manganese metal is now
produced at Knoxville, Tenn. With
the advent of additional power facili-
ties a similar plant for Arkansas be-
comes a strong possibility.

Mercury—Since its discovery in
1932, the Arkansas cinnabar district
has grown steadily. The most im-
portant deposits are located in a
strip nearly 35 mi. long in Pike and
Clark Counties in Southwestern Ar-
kansas. Produetion of mercury in
1941 was approximately 2,000 flasks
or over 150,000 1b. Stimulated by
favorable market conditions produec-
tion of mereury in this state is ex-
pected to expand to record highs in
1942. Mercury, one of the few metals
which is produced in metal form in



the state, is used in the manufacture
of mercury fulminate, for silvering
mirrors and for making drugs, paints,
and chemicals.

Zine—Deposits of zine ore have
been found over a wide area in the
northern part of the state. The prin-
cipal minerals are sphalerite or zine
sulphide, and smithsonite or zine car-
bonate. Calamine, or zine silicate,
is present in lesser amounts.  Un-
like the Missouri and Oklahoma dis-
tricts where lead and zine are of
equal importance, the zine ores pre-
dominate over the lead ores in north-
ern Arkansas. Swmelters are now in
operation in the vieinity of Iort
Smith in northwestern Arkansas
which produce slab zine. In addition
to its metallurgical uses zinc is used
as a pigment in the manufacture of
paint, rubber and oil cloth, and in
rarious chemicals.

Titanium—Extensive deposits of
titanium oxide are now being worked
in Hot Spring County, South-central
Arkansas. The chief titanium min-
erals which oceur in the county are
rutile and brookite. The principal

Production of Arkansas’ Minerals

Mineral 1940 1941

Barite, short tons.. 12,086 31,238
Bauxite, long tons. 487,677 956,617
Cement, bbl..... 772,000 915,000
Coal, short tons. 1,310,262 1,528,585
Gypsum, short tons. . 16,828 20,286
Glass sand, short tons. . 94,970 109,209

Leud, |bFaaasis 110,000 8,000
Manganese, long tons. ... ... 7,077 7,157
Mercury, flasks 76 1b e 1,221 1,966
Petroleum, bbl . . 25,868,350 26,463,150
Tripoli, short tons. 2 1,430 2,083
AT T | sl e S 880,000 380,000
Mineral Reserves in Arkansas, January
1940
Mineral Quantify

Barite e sy 1,004,397 short tons
Bauxite (green ore) . 25,000,000 long tons

oal S 1,510,063 ,844 short tons
Lead (metal). . 6,500 short tons
Lignite..... 44,019,000 short tons
Manganese. ..... 205,498 long tons

Manganiferous ore. ......
Natural gas

105,313 long tons

West Arkansas. ........ 996,213,000 M cu. ft.
South Arkansas. s 266,413,460 M cu. ft.
Petroleum. . .... 320,148,000 long tons
Phosphate rock. . 20,000,000 long tons

Zinc (metal) .ol il 132,300 short tons

use of the former is in the manufuc-
ture of a coating for welding rods.
Stabilization of the arc in electric
welding and the production of a pure
weld metal is achieved by the use of
titanium oxide coating on the welding
rods. In the form of ferrotitanium,
titanium 1s used for purifying steel
and is added to some heat resistant
steels to prevent a combination of
chromium, molybdenum or other al-
loying elements with the carbon.
Power — Interconnected power

transmission systems provide all the
important industrial sections of the
state with ample power. In addition
to the generating capacity now in-
stalled within the state, power is
available through a pool consisting of
11 large private concerns and a score
of municipal plants. Total generat-

~ ing eapacity within the pool is 1,600,-

000 kw. Surplus from the pool
amounts to 235,000 kw. Under con-
struction within the state are steam
generating facilities (gas-fuel) for
nearly 200,000 kw. and hydro-electric
generating facilities for 70,000 kyw.
Congressional approval of water con-
trol projects for construction exist
which include 500,000 kw. of hydro-
electric generating capacily on the
rivers of the state. :

Known reserves of coal deposifts in
Arkansas are approximately three-
fourths of a billion tons. Estimated
reserves of natural gas in the fields
of Southern Arkansas are approxi-
mafely one trillion cubie feet and the
fields are being extended constantly
hy new exploration.

Such a balance for steam and hydro
eeneration exists nowhere else be-
tween the Allegheny and Rocky
Mountains which will afford as low-
cost electricity as in the potential
Arkansas developments.

Climate—The climate of Arkansas
is mild at all seasons. No long ex-
tremes of hot or cold oceur. The
average annual precipitation is 48 in.
well distributed. There is an aver-
age of 105 rainy days and few of
these interfere with flying. Fogs are
rave. The temperature averages 61.4
deg. F. throughout the year. Ex-
tremes of short duration are rarely
above 100 deg. or under 0 deg. Be-
cause of mild winters, fuel costs for
plant heating are low. Air condi-
tioning in summer is not essential.

Transportation — Approximately
5,000 mi. of railroads eriss-eross Ar-
kansas. Among these are five trunk
line systems interconnecting the in-
dustrial middle west, east and eulf
coastal® cities.

Over 9,000 mi. of highway system,
fed by 40,000 mi. of local roads, serve
all sections of the state and connect
with the major transeontinental road
systems in all divections. Of the state
highway system, more than one-third
is paved and the balance gravelled.

Waterways provide means of
freight transportation along the en-
tire eastern boundary and into the
inferior of the state along the Mis-
sissippi, Ouachita and White Rivers.

Commereial airlines operate across
the state with several scheduled stops
at Little Rock. The airlines afford
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Interconnected transmission systems provide all
the important industrial sections of the state with

ample power

The pulp and paper industry is already well
established although considerable raw materials
in the form of wood and rice straw are available

for expansion

good conneetions at Memphis and
Dallas to all important centers. There
are over 30 airports in the state.
Labor—White native labor is pure
Anglo-Saxon stock, loyal, industrious,
and readily trained. Twenty-five per-
cent of the population is black. Over
99 percent of the population is Amer-
ican born. A large voeational frain-
ing program is underway for both
whites and negroes. The skills
learned in defense industry and in
the armed services are certain to
afford the state many times the num-
ber of skilled workmen upon the ces-
sation of the war. Only about 12
percent of those gainfully employed
were engaged in manufacturing en-
terprises, leaving a reservoir of po-
tentially available labor which is
:apable of hroad adaptability.
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LOUISIANA'S attractions to industry
are difficult to duplicate

JAMES A. LEE Managing Editor, Chem. & Met.

OUISIANA is a veritable treasure-
L house of the natural resources,
sulphur, salf, lime, cellulose, petro-
leum, natural gas, ete., that are the
background of the chemical process
industries. To this cornucopia of
resources add the temperate climate,
harmonious labor conditions, excellent
transportation facilities, reasonable
fuel and power, and you have a com-
bination of attractions that are diffi-
cult to duplicate. ;

The list of these natural resources
is a long and impressive one.

Petroleum—The state’'s No. 1 nat-
ural resource is oil. An average
annual produetion of 100,000,000 bbl.
of crude oil gives Louisiana fifth
place in the United States. Oil is
found in many areas in various parts
of the state. In addition to the al-
lowable produection the potential ca-
pacity of the wells is, of course,
much greater. Much drilling in the
coastal parish salt domes and in the
prospective deeper sands, needs to
be done. There is much room left in
both the coastal areas and in north
Louisiana territory for deeper drill-
ing. Developments at present indi-
cate that several interests are about
to .begin such programs.

Not only is the crude oil from the
Louisiana fields refined within the

- state but even greater quantities are
shipped in for refining from Kansas,
Oklahoma, Texas, Arkansas, Cali-
fornia, Mexico and Venezuela. The
value of ‘refined produets turned out
by Louisiana refineries annually was
estimated, not long ago, at approxi-
mately $200,000,000.

Natural Gas—In 1940, there were
produced in Louisiana more than 300
billion cu.ft. of natural gas, three-
fourths of it was used in its original
state, while the remainder was trans-
ferred into gasoline and ecarbon
black. Thirty gasoline plants in 15
oil and gas fields annually extract
more than 100,000,000 gal. of gaso-
line from natural gas. The productive
fields may be grouped into three gen-
eral areas, the Sabine Uplift center-
ing around Shreveport in the north-
western part of the state, the Mon-
roe-Richland-Epps gas area in the
northeast, and the Gulf Coastal salt
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dome area along the Gulf shore. Pipe
lines distribute the gas to all sections
of the state.

Cellulose—More than one-third of
the state is forest land. There are
16,211,000 acres of farm woodland
and industrially owned tracts. For-
est produets annually amount to $50,-
000,000 while the finished products
are valued at twice that amount.
Pulp and paper consume some of the
timber. Largest mills are at Monroe,
Bogalusa, Bastrop, Springhill and
Hodge. :

Among the other materials from
which cellulose products are being
made should be mentioned bagasse
and rice straw. The sugar cane sup-
plies a large tonnage of bagasse
which is converted into wall board,
and Louisiana is the largest rice grow-
ing state in the nation.

Salt—This is one of Louisiana’s
most valuable natural resources.
There is no means by which to de-
termine the reserves of salt under-
lying the surface, most of which is
beneath .the parishes of Iberia and
St. Mary in South Louisiana and
Winn in North Louisiana. However,
after a production totalling millions
of tons, the surface of these remark-
able deposits have hardly been
seratched. It is safe to say that the
supply will out-date the lives of this
and quite a few generations to come.
The formation containing salt that
in ifs unmined, natural state is 99
percent pure is usually in the form
of a large dome, one or two miles
in diameter and thousands of feet
deep. There are at least 25 other
points besides those mentioned above
where salt is to be found in com-
mercial quantities.

Sulphur—Production ‘of this min-
eral in 1940 totaled 512935 long
tons. It all came from operations
at Grande Ecaille, Plaquemines Par-
ish. TLouisiana is the second largest
producing state with nearly 19 per-
cent of the total domestic output,
standing second only to Texas.

Power—Electric power is available:
throughout the state. In 1939 there
were produced 1,885,223 kw., all of
which originated from fuel-operated
plants since there are no hydroelec-
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tric plants. In addition to the ex-
pansion of some of these plants
which now: is going forward, an ade-
quate supply of power is assured
by the network of transmission lines
with interstate connections.

Sweet Potatoes and Peanuts—
Among crops produced on a commer-
cial seale and adaptable to industrial
use are sweet potatoes and peanuts.
6,935,000 bushels of the former and
18,800,000 1b. of the latter are raised
annually.

Lime—One of the most important |
mineral deposits of the state is the
deposit of limestone at Winnfield, in
Winn Parish, in the north central
section of the state. This deposit
has for years been the source of a
large part of the state’s requirements
of limestone. It is served by three
railroads. The existing quarrying
plant has a capacity of 24,000 tons
per month. The stone has a caleium
carbonate content of 98.3 percent and
silica of 0.6 percent.

The extensive shell reefs of South
Louisiana yielding 97 percent cal-
cimm carbonate afford a source of
lime as yet little developed. In one
recent year 701,555 cu.yd. of oyster
shells, much of which was converted
into lime, and 194,052 cu.yd. of clam
shells were recovered. These depos-
its are located in Iberia, Vermillion,
St. Mary, and Terrebonne Parishes.
One deposit has been proved fo a
depth of over 20 ft. and is estimated
to econtain over 50,000,000 cu.yd. The
Pointe au Fer reef, lying in St. Mary
and Terrebonne Parishes is by far
the largest deposit of this material
yet found, and is estimated to con-
tain approximately 100,000,000 cu.yd.
of shells.

Gypsum—In Caleasieu Parish in
the western part of the state, beds of
gypsum have been estimated to be
from 100 to 540 ft. thick. And re-
liable information indicates gypsum
is also available in commercial quan-
tities at Winnfield in Winn Parish.

Lignite—The northwestern part of
the state contains extensive deposits
of lignite or brown coal, but the
abundance of bituminous and anthra-
cite coal available from other fields,
as well as gas and oil within the state,
have not yet made the exploration
of these lignite fields commercially
practicable. Lignite in seams vary-
ing in thickness from 2 to 8 ft. exists
in Caddo, Webster; De Soto, Cata-
houla, Sabine, Rapids, Bossier, Bien-
ville, Winn, Lincoln, Ouachita, Avo-
yelles, Caldwell, East Carrol, Iberia,
Jackson, Natchitoches, Red River
and Claiborne Parishes.

Cottonseed—Since 1880, from a

& METALLURGICAL ENGINEERING



small beginning, the erushing of cot-
tonseed has developed into a very
important industry. The crush for
a typical year amounts to 232,682
tons with a value of $10,823,000, a
little more than one-half is cake and

the state, making travel quite con-
venient and providing the means by
which every product and raw mate-
rial may be shipped. Great strides in
this direction have been made by
Louisiana within the past few years.
meal, 106,545 tons, with a value of She has more than kept pace with
$3,819,000, hulls 63,000 tons with a the nation in this respect.
value of $516,000, and linters 49,498 Water transportation has long
bales with a value of $950,000. been splendid. Blessed by an inland
Sugar Cane—This crop flourishes waterways system, the extent of
in the fertile delta lands in the which is unequalled in any state in
“Sugar Bowl” of the southeastern the country, erossed by the Intra-
section. Louisiana has the distine- coastal Canal, and situated on the
tion of being by far the largest pro- Gulf of Mexico, with the mouth of
ducer among the states, Florida con- the great Mississippi River within its
tributing a much smaller amount. boundary, it is no wonder that the
Highest production of sugar cane in state’s water transportation system
history was the 1938 crop of 6,237,- is one of her most valuable posses-
000 tons, valued at more than $16,- sions.  Steamships from every quar-
000,000. The cane supplies material ter of the globe enter Louisiana’s
for the 77 raw sugar mills of the ports, and barges and steamboat ser-
state, molasses for the aleohol plants vice reach nearly every section of the
and bagasse for the wall board state through the courses of the
industry. myriad of navigable rivers and bay-
Transportation — Facilities are ous.
available for every type of transpor- Twelve important railroad systems
tation. Rail, bus, water and air offer fast and efficient service through
traffic lanes reach every section of which every section of the country

can be reached. They traverse the
state. These railroads, like steam-
boats and steamships, have played
an important part in the development
of Louisiana.

Thirty-five motor freight lines and
the same number of passenger bus
lines operate over the extensive sys-
tem of highways and bridges which
comprise 40,000 miles, of which there
are 2,350 miles of econcrete, 1,600
miles of asphalt and 14,000 miles of
gravel.

Labor—Conditions in the state,
both from the standpoint of the man-
ufacturers and the industrial work-
ers, are extremely satisfactory. There
have been very few labor disputes.
Ninety-five percent of the population
is native born, 28 percent of the na-
tive born being negroes. The supply
is adequate.

Soybean—Only ten years ago soy-
bean production was practieally
negligible.  Buf today there are
raised on an average of 1,500,000
bushels of soybeans annually—the
fifth largest production in the United
States.

Louisiana offers the process industries salt, sulphur, lime, petroleum, natural gas, and a
variety of other resources. New Orleans has long been a center of production of alcohol,
cane sugar, cotton seed oil and other products
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OKLAHOMA offers exceptional

inducements to process indusiries

ROBERT H. DOTT, A. L. BURWELL, ]J. O. BEACH Geological Survey,

Norman, Oklahoma

EW STATES can offer the chemical

process industries a greater va-
riety of basic mineral raw materials,
or a greater quantity of cheap fuel,
than Oklahoma. Water supplies are
adequate, at least in certain areas;
transportation is ample; and suffi-
cient labor for most operations should
be available, although some technical
skill would have to be imported for
some types of industries.

Oklahoma’s position in respect to
its ability to supply industry with
basic raw materials can be compre-
hended clearly by measuring the rela-
tive importance of the geologic raw
materials as determined by a con-
sideration of the various factors in-
volved. Such a study has been made
for many of the more important in-
dustrial chemicals and the raw ma-
terials classified in order of their rela-
tive frequency in use. (Keller, R. N,
and Quirke, T. T., “Mineral Resources
of the Chemical Industries,” FEco-
nomic Geology, Vol. 34, No. 3, May,
1939, pp. 287-296).

If we take this tabulation, and add
information showing the quality and
extent of each material available in
Oklahoma, it is immediately appar-
ent that Oklahoma offers exceeptional
inducements for the chemical manu-
facturer.

Coal—Steaming coal is available in
nearly all of Eastern Oklahoma.
Semi-bituminous coal for smokeless
fuel is mined in the extreme eastern
part of the state. It has been estah-
lished by research at the U. S. Bureau
of Mines and by individual concerns
interested in the matter that proper
blends of Oklahoma coals will yield
satisfactory metallurgical coke. By-
products from such eoking or from

low-temperature carbonization cer-
tainly hold promise. So too, the
preparation from coal of ion-ex-

change material for water treating,
and the like, should be considered.
Sulphur—Although sulphur, as
such, is not found in Oklahoma, it is
available from the adjoining state of
Texas and with moderate transporta-
tion costs. Also, byproduet sulphur
from sour oil and gas may hecome of
importance.
Mineral

Salt—Salt is recovered

from springs and plains on a minor
scale, and production could be in-
creased should demand arise.
Limestone—Extensive deposits of
rock of “high-caleium” eclassification
oceur in several areas. The purity of
lime from these sources is sufficiently
high for most chemiecal requirements.
Burned lime is made in three plants.
In addition to stone for block and
crushed material, there are a number
of impure limestones which contain
the proper proportions to serve as
high-grade wool-rocks, and one plant
is in operation, using local stone. The
state has two cement plants, one with
a carbon dioxide byproduet unit.
Sulphide Ores—The Miami Distriet
of northeastern Oklahoma is recog-
nized at present as the leading source
of lead and zine sulphide ores. There
are several other regions in the state
from which reports have come indi-
cating additional supplies.
Brines—There have been two at-
tempts made to utilize the oil-field
brines of the state in chemieal manu-
facturing, namely—Texaco Salt Co.
at Tulsa, and Texas Carbon Co. at

capital have been expended on dis-
posing of the brines which are pro-
duced with the petroleum oil than in
conversion to industrial uses.

Iron Ores—Moderate quantities of
iron ores are present as limonite,
hematite, and titaniferous magnetite.
There are relatively small scale opera-
tions in limonite deposits of Arbuckle
Mountains to supply requirements of
cement plants for special cements,
and some ore has heen shipped to
foundries in the state. Some con-
sideration is being given to their use
in blast-furnace operations in Texas
and elsewhere.

Petroleum—Although large quan-
tities of refined products are being
made within the state from petrolenm,
60 percent of the state’s production
is pipe-lined to outside refiners. From
the erude oil within the state ave
made gasolines of several grades,
burning oils, fuel oils, gas oils, lube
oil, and paraffin wax, as well as spe-
cial solvents for the paint, lacquer,
and insecticide trade.

From easinghead gas—the gas pro-
duced from oil wells, with petroleum
—is extracted the dissolved high-
gravity gasoline, as a condensate. By-
produets include such fractions as
butane, pentane, propane, ete., which
are sold as such, but which should be
utilized by conversion through, chlori-
nation, oxydation, ete., into various
derivatives.

Natural Gas—Although natural gas
(methane) is considered primarily
as a fuel and a very desirable one, one
company in Oklahoma is now a major

Savre, but far greater effort and factor in the production of acetalde-
MINERAL PRODUCTION OF OKLAHOMA, 1937-38*
1937 1938
Products Quantity Value Quantity Value

Asphalt:(native) o ih S AT EE s tons (O} (0 O] ()
Carbon; blackei LTS s me 1b. (0] Q] O] (O]
Cementy iy s doinn il sy bbl. m O) (O] ")
(8] 7Y Yo gt Nane ol 2 e Sy tons 3.991.700 $410,675 1,504,900 $216,370
Clay:

Products iRl S i e i R S e S ey 583,334 i, S 572,289

Rawiive. () (O] (O ")
(@Y Bt s o iy S e S e B g s 1,600,295 3,841,000 1,244,732 2,947,000
Gypsum:(crunde) fiin it ot dai s, tons 159,639 266,001 141,341 231,910
Lead 29,840 3.521,120 21,004 1,932,368
Lime (1) (&) () ()
Natural gas s o8 miolnesit M. cu. ft. 296,260,000 32,039,000 263,164,000 27,391,000
Natural gasoline.................. gal, 492,290,000 20,272,000 468,499,000 14,373,000
Ores (crude), ete.:

7AY L R St s aad s v ST SR 6,644,400 © 4,249,000 (%)

ZincHlead it s e s e 3,787,600 (*) 3,072,400 (*)
Petroleum ¥ St R O D . 228,839,000 283,500,000 174,994,000 209,500,000
Pumice 22 shms e et e ey S m ) 0] )
Salt S e el e N M (O] (1) O}
Sand and gravel i le o i i s es 034,499 414,495 823,814 354,486
Stonel T 1,098,790 1,149,624 (91,101,320 (%)1,338,858
Sulphuric acid(?). . () (1.2) . 2 (1. 2)
b ¢ {00 bt S SV A - (O] O] (O] ")
AL B R T L AR e S AR 135,696 17,640,480 112,924 10,840,704
Misdellaneous(®)d t i Rl RS ST SO R 43338,213 5 i e R 3,636,013

Total value, eliminating duplications.  ........... 83687444 ,222 0T SL TRy $272,860,078

*Source, 1939-40. Report of Okla. Geological Survey.

(1) Value included in ** Miscellaneous."”
(?) Value not included in total for state.

(") Not valued as ore, value of recoverable metal included under the metals.

(") From zine smelting.

Sulphuric acid also manufactured in state from Gulf Coast sulphur.
(%) Includes minerals indicated by (*) and () above.

(*) Exclusive of dimension stone, value fer which is included under ' Miscellaneous.”
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hyde, formaldehyde, acetone, acetals,
and methanol, all by eatalytic oxida-
tion of natural gas.

Potassium  Minerals — Potassium
minerals are not produced in Okla-
homa but eastern New Mexico is the
largest producer in the United States.
An Oklahoma chemical company is

now converting such material into

potassium sulphate for the trade, and
making muriatic acid as a byproduet.

Gypsum—~Gypsum, including ala-
baster variety, is present at the sur-
face over a considerable area in west-
ern Oklahoma. Present operations
include quarrying of raw rock gyp-
sum to supply the needs of cement
plants in the Southwest; one manu-
facturing plant making several gyp-
sum products, such as plaster, wall
board, ete., and a ecaleining plant.

Lead Ores—Oklahoma lead ores
are chiefly the sulphide mineral
galena; considerable quantities are
mined in the state, but at present
little or no chemical use is being made
of these ores loecally.

Sand—Various grades of sand are
widely distributed over the state, but
the higher silica, glass sand grades
are found in three main areas:
Arbuckle Mountains, southern row of
counties east of Ardmore, and small
areas in northeastern Oklahoma.
Three operators are engaged in
quarrying glass sand in the Arbuckle
Mountains to supply a large portion
of the requirements of the Oklahoma
and north Texas glass industry. How-
ever, these sands are not used in
chemical industries at present.

Phosphate Rock—There is probably
a sufficient quantity of phosphate
rock for local use only, hut there is no
ufilization at present.

Magnesium  Minerals—There are
abundant, thick deposits of high-grade
dolomites in Arbuckle and Wichita
Mountains, but no industrial use at
present, except as used with limestone
for erushed stone, and one small op-
eration for agricultural use.

Zine Ores—7Zine sulphide is mined
in large quantities. Three smelters
are operating in the state, producing
slab zine with eadmium and sulphurie
acid as byproducts. Small amounts
are used for galvanizing.

Barium BMinerals—Some prospect-
ing and minor mining of barium
sulphate is reported, but no process-
ing of this material is going on in the
state.

Titanium Ores—Considerable quan-
tity of titaniferous magnetite is pres-
ent in the Wichita Mountain area,
containing up to 16 percent fitaninm
oxide. Possibly some black sands in
that area contain 1'0(10\'01':11)10'ihnr'niln.
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Mineral wool filters for removing inpurities out of sulphur dioxide gas in
sulphuric acid plant of Ozark Chemical Co.

But no industrial processing is done.
FUELS AND POWER

Fuels can be had in abundance
from three sources: coal, petroleum,
and natural gas. An estimated 55 bil-
lions of tons of minable coal underlie
Eastern Oklahoma; estimated proven
petrolenm reserves of 1,035,820,000
bbl. ave located in 42 of the state’s
77 counties; and natural gas is pro-
duced in these same and half a dozen
other eounties. New industrial plants
could be located in almost any see-
tion of the state within easy reach of
fuel supplies.

Coal—"T'wo ranks of coal are repre-
sented, bituminous and semi-bitumi-
nous. Low-volatile coals are mined in
the eastern area, chiefly in Haskell,
Latimer, and Le Flore Counties. The
prineipal production of high-volatile
coal comes from the MeAlester,
Henryetta, and northeastern distriets.

There is some variation in sulphur
and ash content—coal from the east-
ern, MecAlester, and Henryetta dis-
tricts being somewhat lower in both,
than are coals from the southwestern
(Coal County) and northeastern dis-
tricts.

There is probably ample labor and
facilities available to step up produe-
tion without any great shifting of
labor and equipment from other
areas. Average value of coal pro-
duced in Oklahoma was $2.36 per
ton in 1938, and $2.11 in 1939. (Min-

-~
i
.

erals Yearbook, U. S. Bureau of
Mines).

Petroleum—Production of petro-
leum during the past ten years has
ranged between 153,000,000 and 228,-
000,000 bbl. per year.

Natural Gas—Oklahoma has exten-
sive reserves of natural gas, and dur-
ing the past several years lias been
producing at the rate of about 270
billion cu. ft. per yr. Largest avail-
able supplies at this time are prob-
ably in Caddo and Grady Counties,
but adequate supplies for industrial
use can be obtained in almost any de-
sired location, either from loeal pro-
duetion or through the extensive
eathering and distribution systems of
distributing eompanies. Natural gas
for industrial use can he purchased at
low rate.

Electriec Power—Commitments for
defense-training establishments, orda-
nance and other war industry plants,
and a proposed pooling of power
from Oklahoma and Arkansas, to
supply an aluminum reduection plant
in the latter state, has decreased the
power reserve, but it has been stated
by persons in position to know, that a
considerable reserve of firm power is
still available.

The state is served by several pub-
lic utility companies, a 60,000 kw.
hydro-electric plant in northeast
Oklahoma, and several communities
have municipally-owned generating
plants, The public utility lines are
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interconnected with each other, and
with the hydro-electric plant, so that

. electric power is available in all parts
of the state.

In discussing the availability of
power for industrial use one should
not overlook the possibility, in cer-
tain industries at least, of ultilizing
off-peak power, which is always avail-
able in large quantity and at low
cost. Consideration also should be
given to the fact that Oklahoma prob-
ably is'in no different position than
other- sections of the country in re-
gard to power -shortage. If new plant
construction in the nation demands
construction of new generating ca-
pacity, Oklahoma’s abundant and

Oklahoma Petroleum Refineries

Number of refineries May, 1941, .... 25
Daily capacity erude oil (bbl)....... 210,280
‘Daily cracking capacity (bbl)....... 96,300
Number gasoline plants April, 1941, . 105
Rated capacity daily (bbl.)......... 1,912,050

conveniently located fuel supplies can
provide all necessary electric energy
in close proximity to new industrial
plants, without further disrupting
the transportation system of other
sections of the country.

TRANSPORTATION

Oklahoma is served by four major
trunk-line railroads, with connections
to all parts of the United States.
These are: Missouri-Kansas-Texas;
Chicago, Roek Island and Pacific;
Atchison, Topeka and Santa Fe; and
St. Louis-San Franeisco. These, to-
gether with a smaller group of con-
necting lines : Kansas, Oklahoma, and
Gulf; Midland Valley; and Oklaho-
ma City, Ada, and Atoka; as well as
a branch of the Missouri Pacifie, and
a few short, loeal lines; reach into
every county, and practically every
county seat town.

The state has built and maintains
an excellent system of highways. Ex-
cept in the more remote, mountainous
area, secondary roads give access to
any locality in the state.

POSSIBILITIES

An investigation of each item—its
frequency of use—its relative im-
portance in the chemical processes—
its relative cost—its cost where trans-
portation is a factor—will indicate
the advantageous position of chemical
industries located in Oklahoma. Not
on one or two items alone, but on a
large percentage of the 15 most
prominent items, Oklahoma is in a
favorable position. This is worth con-
sidering because the interdependence
of chemical industries among them-
selves . is recognized. This inter-
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dependence would indicate the ad-
visability of centralization where the
greatest number of the more essen-
tial raw materials and fuel are avail-
able, as in Oklahoma.

To all persons interested in chem-
ical industry, Oklahoma cordially in-

vites your consideration. It offers
possibilities and inducements in far
greater measure than is generally
realized. The Oklahoma Geological
Survey, at Norman, will furnish on
request available information to
anyone interested. .

Basic Geologic Raw Materials for Industrial Chemicals, Availability in Oklahoma

Availability
Frequency ~
Material Index * Oklahoma Sources Sources in Region

Water &una i 99 Surface and underground supplies

adequate in some areas.
Coal N s o eaiseiesd 91 55 billion tons reserve. Bitum-

inous and semi-bituminous. Shaft,

slope and strip mining; 1 to 2

million tons annually.
Sulphur........ SO0 88 None: izt et Rttt s e Texas and Louisiana Gulf Coast.
Mineral salt........... 75 NaCl. in salt springs and salt Kansas, Texas, Louisiana.

plains. Subsurface salt beds. Little

or no development.
Limestone........ Gt 63 Great abundance above 959

Sulphide ores....v.....

Aluminum minerals. . ..
Trontores st ia e

Phosphate rock........

Copper Ores.......... .

Magnesium minerals. . .

Mercury ores..........

Zing ores. . i shas’s

Antimony minerals.....

Barium minerals...... 3

Manganese ores.......

Titanium ores..... sty

32

24

23

16

11

(=X

CaCOs. Abundance 98 and 99 + %
CaCQOs.  Several quarries, many
quarry sites,

Leading producer of ZnS, impor-
tant PbS production. Reserves of
present-grade cres somewhat lim-
ited. Ores from other states
brought in for smelting.

0il field brines in all oil-producing
areas.

Produced in 42 counties.  Annual
production 200 million barrels;
third in nation.

Essentially same areas as petrol-
eum, plus two important dry gas
areas. Fourth in national pro-
duction. Third in production of
natural gasoline.

None known .. 5o il v eisee

Great abundance, easily obtain-
able, Considerable production.
With zine in northeastern part of
state. Tri-State area. Reserves
somewhat limited.

Various grades, including high-
grade glass sand in abundance.
Considerable production in Ar-
buckle Mountains.

No high-alumina materials known.
Limonite in Arbuckle Mountains,
titaniferous magnetite and low-
grade hematite in Wichita Moun-
tains.

Low-grade deposits in several
areas. Small supply of high-grade
nodules. No production.

Small, very low-grade deposits.
No production.

Great abundance of high-grade
dolomite. Moderate concentra-
tions in some oil-field brines.
None definitely known..........

At present leading producer in
nation. Tri-State area. Reserves
somewhat limited. Some ore from
other states smelted in Oklahoma
because of abundant fuel.

NODS KDOWD &5 05 o s s ol srantstas

High-grade barium sulphate in two
areas. Quantity not known. Some
prospecting in progress.
Carbonate and oxide ores in Ar-
buckle Mountains; oxide ores in
Quachita Mountains,  Quantity
not large. Small amount mined.
Titaniferous magnetite ores in
Wichita Mountains. Magnetite-
ilmenite sands in streams of that
area.

All surrounding states. *

Large reserves in surrounding
states, with trunk pipe lines.

Potash mines in eastern New
Mexico.
Kansas and Texas.

Bauxite in Arkansas.
Limonite in Bast Texas.

Northern Arkansas.

Produced in southwest Arkan-
sas, adjacent to southeast cor-
ner of Oklahoma. Produced in
Texas.

Known in western Arkansas,
adjacent to eastern Oklahoma
line.

Arkansas and Missouri.

Rutile in Arkansas.

* Frequency index number is the number of times the particular mineral is used as
raw material in the production of 150 important industrial chemicals, as found by Keller

and Quirke.

various raw materials for making industrial chemicals.
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In general these numbers are an index of the relative importance of the
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TEXAS is abundantly endowed with

cheap fuel and variety of minerals

ROBERT L. DABNEY Director of Research Department, Houston Pipe Line Co.

ASTATE with an area of 265,895
sq.mi., or the combined size of
New York, New Jersey, Delaware,
Pennsylvania, Connecticut, Massa-
chusetts, Rhode Island, Vermont, New
Hampshire and Indiana, necessarily
offers a great variety of topography
and climate. Texas has these and,
in addition, is abundantly endowed
. with mineral wealth. It now tops
every other state in the Union in min-
eral production. It is producing ap-
proximately 15 percent of the total
annual mineral value of the entire
country. Petroleum contributes the
ulk of this great production, never-
theless, it has a highly diversified
mineral industry. Thirty classifica-
tions of minerals are produced on a
commereial basis. The increase in
the mineral production of Texas has
been the most spectacular phase of
the Texas economy since the begin-
ning of the century. The enormous
supplies of natural gas, petroleum
and coal give the state the most eco-
nomical fuel to be found anywhere.
It has been said that Texas is at the
cross-roads of North American geol-
ogy.

Petroleum—Texas is estimated to
have 53 percent of the known petro-
leum reserves of the country. And it
is interesting fo note that year after
year authorities have made upward
revisions of the state’s underground
reservoirs. The following tabulation
gives the record of increase of pro-
duction in the state.

Year Produetion (bbl.)
1800 E s N e Gt 54
1900 B S e RSy 836,039
1910 & e e B sy i 8,899,000
1920 38 St S e e ... 96,868,000
1980 e e 290,45 7:.000
1940 e s ke A 493,000,000

Sixty-eight percent of this erude
petroleum is refined in the state.

It is as a fuel that petroleum holds
its greatest potentiality for the state’s
industrial future. Adaptable to use
in steam and Diesel and other internal
combustion engines, it is an all-round
* fuel that ranks second only to natural
gas in convenience and adaptability
to purpose. However, erude petro-
leum is the source of numerous prod-
ucts such as gasoline, medicinal oils,
lubricants, eandle wax, detergents,
and recently has become the basis
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of an important synthetic organic
chemiecal industry in the state.

Natural Gas—In 1939 (the last
year for which a complete report is
available) Texas produced 1,330,000,-
000,000 cu.ft. of natural gas, which
was 40 percent of the production of
the country. It was the opening of
the great Texas gas fields and exten-
sion of long distance, high-pressure
lines that brought about the transi-
tion of natural gas from a localized
to a nationwide utility. Pipelines ra-
diating from the gas fields carry the
fuel at high rates of speed making it
available to industry all over the
state. Natural gas has been called
the ideal fuel. Already it has been
instrumental in bringing numerous
industries to the state.

The prineipal industrial production
into which gas enters as a raw mate-
rial is the production of carbon black.
The so-called “wet” gas of some fields

is utilized for extraction of natural
gasoline. In recent years there has
been rapid progress in the manufac-
ture of liquefied gas from natural gas.
At present gas is coming into demand
as a raw material for many synthetic
organic chemiecals such as butadiene
for rubber production.

Coal and Lignite—There is in ad-
dition to oil and gas, a great fuel
and power resource in deposits of
coal and lignite. However, relative-
ly little of these materials are mined
in the state at the present time. These
resources may be considered a dor-
mant but potentially great industrial
asset,

Sulphur—Approximately 1,300,000
tons of sulphur are produced annu-
ally in Texas. It comes primarily
from three or four counties which
are in a radius of 65 miles of Hous-
ton. It is now producing about three-
quarters of the United States produe-
tion of sulphur. Sulphur has tre-
mendous potentiality as an influence
in the future development of Texas
because of its key position in echem-
ical industries. In some form or
other sulphur enters into a large per-
centage of chemical products.

Cellulose—In 1936, the importance
of East Texas pine forests were real-
ized as a source of cellulose. It was
during this period that a large mill - -

Texas tops every other state in the nation in mineral production

sl
|
ligez)

!
T
|
16| “Lubbpck
4 |
D
2 allase; 8
6
414 A
1434/3%
S.Als -
uston
4 5
'S n i 5 7
5
\- Barife l/
2- Gypsum 5 ey
3- Lime ChHs
4- Llimesfone
5 Sulphur 2
6 Salf
7 Sodium compounds (natural)
ENGINEERING ¢ JUNE 1942 o 6—101



was established on the Houston Ship
Channel to manufacture sulphate
pulp and paper, and shortly there-
after the much discussed Herty proc-
ess for making newsprint from south-
ern pine was finally realized by the
construction of a mill in East Texas.
Two years later the first mill for
making coated paper was built to
utilize a portion of the sulphate pulp
made on the Houston ship channel.

The Texas Gulf Coast each year
produces large quantities of rice.
Over 260,000 acres are planted to
rice near Houston. After the har-
vest there is available annually 340,-
000 tons of rice straw within a radius
of 65 miles of Houston. This straw
is now either burned or fed to cattle
as roughage. It is possible to bale
the straw and ship into the Houston
area at a nominal figure.

Lime—The oyster shell deposits
immediately tributary to Galveston,
Texas City, Houston, and points
along the Houston Ship Channel are
those in Galveston Bay. From accur-
ate data available it is safe to say
that there is a minimum of 150,000,-
000 eu.yd. of shell in Red Fish Reef
alone, and that altogether in Galves-
ton Bay there is at least 250,000,000
cu.yd. of shell that can be utilized
for many purposes.

The shell deposits that are imme-
diately tributary to Orange, Port
Arthur and Beaumont, are those in
the Caleasien River, Calcasien Lake
and Sabine Lake. The deposits in
the last of these, which lies in Louis-
iana, arve velatively small, not over
2,000,000 eu.yd. being available in
the entire lake. Shells can be towed
from Galveston Bay through the In-
tracoastal Canal, provided large quan-
tities are involved, as the tow is
rather a long one and is an expensive
proposition.

In Matagorda Bay immediately
tributary to Port La Vaca, Palacious
and Matagorda and Port O’Connor,
it is estimated that there is at least
150,000,000 cu.yd. of shell. In San
Antonio Bay and Aransas Bay,
immediately tributary to Seadrift and
Rockport, there is available 100,000,-
000 cu.yd. of shell. Corpus Christi
Bay is an exception in regard to shell
deposits as compared to other bays
on the Texas Gulf Coast. It is esti-
mated that there is not over 10,000,
000 cu.yd. Nueces Bay has between
6,000,000 and 8,000,00 cubic yards of
shell. So it can be readily seen from
the above figures that the amount of
shell available from various deposits
along the Texas Gulf Coastal area is
sufficient for a great many years re-
gardless of increased consumption.
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Clays—DBleaching clay has for sev-
eral years been a large industry in
Texas. Numerous deposits oceur in
a geological formation, outeropping
at various points in an arch roughly
paralleling the Gulf Coast shore line
150 miles inland. The first develop-
ment of these clays was south of San
Antonio, however, as better deposits
were found, and as those deposits be-
ing worked became depleted, the in-
dustry has moved eastward. At the
present fime the largest producers of
fuller’s earth in Texas are located in
the vicinity or just north of Houston.
Several virgin deposits are known to
exist in two of the most easterly
counties. These deposits have been
explored, surveyed and tested to as-
certain their quality, ability to acti-
vation and amounts in place. Two
of these deposits in particular con-
tain in the neighborhood of 2,000,000
tons each. These deposits are well
located as to railroads, water sources,
and markets.

Dolomite—Large deposits of dolo-
mitie limestone are found in Blanco,
Gillispie, Llano, Mason, Burnet, Me-
Culloch, San Saba, Lampasas, and
Williamson Counties. These deposits
have two railroads serving them—the
Santa Fe and the Southern Pacific.

The material is a medium grain
crystalline dolomitic marble with sec-
ondary dolomite infiltration. The
deposits range in thickness to several
hundred feet, with very little overbur-
den. The exposed faces are often ten
to twenty miles long. Some of this
material has in the past been mined
and used as marble.

Analyses of several samples of this
material follow:

Salt—Salt is certainly a large con-
tributing factor to Texas industrial
development.  There = are limitless
quantities of salt in-the state. The
best known deposits are the salt
domes of the Gulf Coast region. They
are intrusions from unknown depths
that almost reach the surface in some
instances. There are over 100 salt
domes known to exist in Texas. This
salt can either be mined by sinking
a shaft infto the salf mass, or by
drilling wells into it and circulating
water through the salt and producing
the brine.

Vegetable Oils—The vegetable oils
which Texas can and is producing
are now receiving much inferest
throughout the nation. The stepped-
up demand, coupled with the falling
off of our imports has created a
shortage of both edible and non-
edible vegetable oils. The restric-
tions on the growing of cotton had
already produced an apparent short-
age of cottonseed oil, which left us
with an insufficient supply on hand
at the outset of hostilities. The re-
duced planting of cotton has inci-
dentally produced a shortage of cot-
ton linters, so important in the manu-
facture of nitro-cellulose or guncot-
ton.

To offset the shortage of vegetable
oil, the farmers have been asked to
plant large acreages of peanuts for
crushing purposes. The majority of
the farmers are inherently cotton
farmers; they have the tools to pro-
duce, gin, and bale the cotton. They
vill plant peanuts as the government
has asked them; but will they have
the tools to harvest and thrash them?
It is the opinion of many in Texas

1 2 3 : 5 6

Sillcasssss: 5.00 3.00 3.33 4.30 3.32 0.62
Alumina 2.54 — 5.43 8.48 12.88 N
Oxide of iro1 1.96 1.80 3.18 .33 2D Trace
Lime .... 30.32 28.98 29.38 27.03 28.62 33.00
Magnesia F ot Sl ..15.14 20.40 14.32 14.99 10.81 18.56
Carbonic Acid.. .. ...0. 40.47 43.70 42.00 T 41.70 40.00 46.66
Loss on Ignition....... 4.49 2.46 3.00 3.60 258 .50

99.92 100.34 100.64 100.43 93.66 99.58

Iron Ore—Ilron ores are known to

exist in many counties of the state,

but for present commercial purposes,
two centers are of outstanding in-
terest; the northeastern region and
the central area in Llano and Burnet
Counties. The former eonsists of
some 20 counties 150 to 200 mi. north
of Houston.

The traets considered most prom-
ising are in Cass, Marion, and Mor-
ris Counties. These counties are
served by the International-Great
Northern (Missouri Pacific) Railroad,
and from Cherokee County via South-
ern Pacific. The Llano-Burney arvea
is located about 230 miles north and
west of Houston.

that the increased planting of cotton
would be a more satisfactory solu-
tion to the oil shortage that is before
the nation.

IFlaxseed—Numerous experiments
have and ave being carried on to de-
termine which erops will best pro-
duce oils in the Texas eclimate. As

. far back as the fall of 1937 in the

Taft Area, flaxseed were imported
and planted on various fest ftracts.
The results were so satisfactory that
the planting spread year by year
until at present it is generally being
planted throughont the Southwest
Coastal section.

The cotton seed crushers who had
in no little way sponsored the intro-
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duetion of flax, were quick to see its
possibilities, and several mills have
been eonverted in order to ernsh flax-

seed as well as cotton seed. Flax in
Texas™ has assumed a position as a
cash-winter crop and will help alle-

viate the acute shorfage of drying
oils in the paint and varnish indns-
try.

Jandelilla plant Wax like bees-wax
Castor bean

Fluorspar

Insecticide, oil and fiber

Glass, steel making and source of fluorine
Forest products Paper, wall board and paints

Resources Used to Make Resources
Anhydrite Salt cake (under research) Helium
Arsenopyrite Arsenic for insecticides Todine 3
Asbestos Insulation Iron ore
Asphalt rock Floor tile and paving Kaolin
Barite Barium metal and drilling mud Lead
Basalt Insulation as rock wool Lignite
Bentonite Drilling mud and filler Limestone
Bromine Medicine, tetra-ethyl lead and others Manganese ore
Caliche Insulation as rock wool Mica

Mineral waters

Cattle Fertilizer, casein, hides and glue Molybdenite
Celestite Fire works, signal flares and drilling mud Natural gas
Chromites Chromium for plating

Cinnabar Mercury, calomel, etc. Naval stores
Citrus fruits Citric acid and oils Oyster shell
Clay China, pottery, bricks, enamel and alum Peanuts
Coal Fuel and coal products Petroleum
Corn Starch, oil and furfural Potash
Cotton linters Rayon, explosives and plastics Rice
Dolomite Glass, enameling and magnesium Rice Straw
Feldspar Glass, glazing and enameling Salt

Fish Meal, hides and oil Salt cake
Flax Meal and oil Sand

Sea water
Silver ore

Ifuller’s earth  Bleaching and as a filler Sulphur
Gilsonite Mastic tile, etc. Sweet potatoes
Graphite Dry lubricant and paint Tale
Greensand Water treatments Water power
Gypsum Plaster of Paris and plaster board Zine

TEXAS CAN SUPPLY PROCESS INDUSTRIES WITH THESE RAW MATERIALS

Used to Make

Diluting oxygen and air ships
Medicine and chemical synthesis
Iron, pigments and drilling mud
Ceramics, paints and alum
Acid resisting linings and paints
Fuel oil and bleaching medium
Lime, dry ice and as a flux
Steel alloys
Electrical insulation and as a parting pow-

der
Todine, bromine, salt cake, etc.

Steel alloys
FFuel, carbon
chemicals

Paint and plastics

Lime and dry ice

Plastics, oil, ete.

Plastics, asphalt, rubber, fuels and oils
Fertilizers and source of potassium
Starch, alcohol, furfural and oil

Paper and paper board products
Chlorine, hydrogen and caustic soda
Paper making, etc.

Glass, sodium silicate, abrasives, ceramics
Bromine, iodine and magnesium i
Silver and silver salts

Sulphuric acid, sulphur dioxide, etc.
Starch, syrup and stock food

Face powder, and treating rubber
Industrial power

Zine plated steel and chemlcal synthesis

black, hydrogen, synthetic

Chemical engineering developmentis
that may mean new indusiries for Texas

E. P. SCHOCH and ASSOCIATES Bureau of Industrial Chemistry, University

of Texas, Austin

N 1914, the Bureau of Industrial

Chemistry was established. Since
1937, its funds have been increased,
and it now functions primarily as a
research institution.

The three subjects being studied
are those which were deemed to he
most urgently in need of research.
They are:

(1) New manufacturing processes
for transforming natural gas at the
wells into needed industrial produets.

(2) New processes for changing the
spinning properties of Texas cottons
so as to make them more generally
usable.

(3) Developing new Texas non-
metallic minerals for fine ceramic
wares.

In a larger way, these three divi-
sions eoncern themselves with the fol-
lowing subjeets respectively:

CHEMICAL & METALLURGICAL

ENGINEERING e

(1) Natural gas and petroleum;

(2) Products from the farm and
ranch;

(3) Manufactures from non-metal-
lie minerals.
It is believed that fundamentally
new processes must be developed in
order that the new industries to be
established in Texas may add to the
industrial life of the whole nation,
—while the moving of industries
from elsewhere to Texas or the estab-
lishing ‘of competing industries might
help Texas only at the cost of other
regions.

NATURAL GAS PROBLEM

Texas furnishes nearly all the car-
hon black of the world—and for this
purpose it burns daily about one
billion en.ft., with an average yield of
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1.45 1b. per 1,000 cu. ft. feet. The
price paid for much of this gas is
about one-third cents per 1,000 eu.ft.
Henee, this gas for carbon black may
be said to be practically wasted. Other
gas which 1s wasted outright raises
the total daily gas waste to about one
and one-half billion cu.ft.

Sinee 1929, there has been in prog-
ress in this bureau an investigation
of the effect of eleetric discharges
upon dry natural gas (methane)—
and this project was made the ex-
clusive work of this division since
1937. It is found that at atmospherie
pressure acetylene is obtained from
natural gas with quantities of electric

~ energy equal fo or somewhat less than

that required for making the cor-
responding amount of ecaleinm ecar-
bide. The operation can produce an
end-gas varying in acetylene content
from 5 percent to 20 percent. It also
produces about one-fourth as much
carbon black.

At present, this division is busy
with the testing of a pilot plant op-
crating the process. It is also work-
ing on the production of pure acety-
lene and the produection of butadiene
direct from the end-gas obtained.

An idea of the possible significance
to Texas which this process may have
can be obtained from the following:
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If the gas now used for making car-
boun black is used in this process it
will furnish enough acetylene to make
twice the amount of rubber used in
the United States during peace time,
and leave enough residue gas to pro-
duce all the power needed for this
process—and in addition produce
25 percent more carbon black than is
now produced, and which is now the
sole product obtained from this gas.
Surely, such an economic result is
worth striving for.

The cotton research program is to
so modify the short staple cottons
produced in Texas as to render them
acceptable to the trade despite their
staple lengths. We have, therefore,
devoted our entire attention to the
chemical modification of the surface
of the cotton fiber, without destroy-
ing its fibrous properties, to the end
of enhancing the property of fric-
tional resistance.

Considerable success has. been ob-
tained with one treatment, and after
cooperative experiments with cotton
mills in various sections of the coun-
try a small pilot plant has been built
for the production of the treated cot-
ton and a complete cotton spinning
and testing laboratory is being in-
stalled to develop the technology
necessary to bring to a full fruition
the newly developed property.

Several other projects being ini-
tiated ave: (1) utilization of the
cedar (Juniperus mexicana) covering
hundreds of square miles of Texas in
dense, readily accessible stands. Cedar
is the source of cedar-wood oil, widely

used in the drug and cosmetics indus-
try, and it is a peculiar property of
this species of Juniperus that the
foliage contains an appreciable
amount of camphor; (2) utilization
of agricultural erops, either directly
or as wastes, for the development of
a fermentation industry. Texas is
producing a tremendous quantity of
fermentable crops, and could produce
a much larger quantity, particularly
of corn, sorghums, sweet potatoes,
and wood waste; (3) development of
a wool scouring industry in a state
producing one-sixth of all the wool
grown in the United States; (4) de-
velopment of an essential oil and
drug industry, utilizing crops either
native to the state or readily culti-
rated, such as rose, gardenia, ephe-
drine, horsemint, wormwood, cassie,
mint, sage, ete.

Research bearing on requirements
of ceramic porcelain industries, din-
nerware, hotel china, sanitary ware,
electrical porcelain, and high-grade
floor and wall files, has been carried
on by the Bureau. First, adequate
deposits of raw materials which such
industries could use were located. The
problem of proper processing of each
deposit has been worked out, e.g., a
feldspar of excellent whiteness and
fusibility has been produced. Clays
and related minerals have been given
control treatments to produce plasti-
city without stickiness, strength with
workability, and whiteness of extreme
purity. In order to confirm results
obtained in the laboratory, china-

ware bodies composed of all Texas -

raw materials were submitted to rep-
resentative manufacturers and made
into ware by the regular factory
processes. The results were highly
sucecessful.

It ean now' be stated that not only
are all of the standard raw materials
traditionally used by these industries
found to be available in Texas, but
also halloysite and white firing mont-
morillonite. The latter is now at-
tracting much scientific attention.
Therefore, any porcelain industry
wishing to locate in the Texas market
area can now have not only the ideal
cheap fuel but the advantage of
superior raw materials close at hand.
At the present time the cost of trans-
portation of these wares from dis-
tant points forms such a large item
of cost to the consumer, that the
principles of national economy call
for porcelain production in the state.

Recent research has brought to
light clays of unusual properties ma-
turing at the same temperature as
that required by the artist’s glaze
colorings. The occurrence of voleanie
ash in this area has imparted these
unusual qualities to certain elays and
offers the artware manufacturer raw
materials not available to most of
the larger manufacturing establish-
ments located elsewhere.

Hence, it may be said that not only
are the usual raw materials for cera-
mic manufacture available in. the
Texas area, but many deposits have
unusual properties which research in
this Bureau is placing at the dispo-
sal of the manufacturer.

At atmospheric pressure, acetylene is obtained from natural gas with electric energy equal to or somewhat less than

that required for making the corresponding amount of calcium carbide.

Pilot plant for the production of pure acety-

lene, and the production of butadiene from the end-gas obtained
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Machinéry, Materials and Products

Asphalt Tile

DEVELOPMENT OF a new type of as-
phalt tile designed to prevent accumu-
lation of static electricity has been
announced by the Building Materials
Division of the Armstrong Cork Co.,
Lancaster, Pa. The new material,
which will be known as Armstrong’s
Conductive Asphalt Tile, provides a
surface condition which results in less
than 0.1 megohm resistance to static
electricity under specific conditions.
No open flames are required during
installation or repair work. The ma-
terial is especially suitable as a resi-
lient flooring in arsenals, shell and
bomb loading plants, powder plants,
and in various other industries in
which static electricity or open flames
would present a safety hazard. Indi-
vidual tile units can be quickly re-
placed if accidentally damaged, and
since the tiles are laid on a fast-set-
ting adhesive, the floor can be put into
service immediately. The material is
non-slip, mnon-dusting, non-sparking,
moisture-resistant, odorless, and will
withstand fast trucking. It is highly
resistant to indentation. The asphalt
tile is supplied in gauges of 3 in.,
in., 1 in. and § in.

Extrusion Press

AN IMPROVED 125-ton extrusion press
which permits simultaneous loading
and extrusion, has been developed by
the Watson-Stillman Co., Roselle, N. J.
The first of these units, illustrated by
an accompanying photograph, will ex-
trude carbon mixtures, but the press
is also suitable for extruding any plas-
tic material. The press has two con-
tainers, mounted on a swinging arm.
The operator starts the automatic ex-
trusion cycle by push-button control,
then devotes attention to loading the
free container. The main ram is 123}
in. in diameter and has a 12-in. stroke.

125-ton extrusion press

Advance speed is 54 in. per minute,
pressing speed is 6.4 in. per minute
at 2,000 lb. per sq.in. and return speed
is 150 in. per min, Power is from 2
Vickers pumps driven by a 5 hp. motor.
The complete unit is 10 ft. high and
requires 4 ft. by 3 ft. floor space.

Insulating Varnish

A RECENTLY developed new insulat-
ing varnish, designated as S-110, has
been announced by the Sterling Var-
nish Co., 116 Ohio River Blvd., Hays-
ville, Pa., for application to electrical
apparatus that must operate at abnor-
mally high temperatures. Tests have
indicated that S-110 will stand operat-
ing temperatures at 250 deg. C. or
higher. When baked at 175-200 deg. C.,
it dries all the way through the deepest
winding and does not resoften when
exposed to high operating tempera-
tures. The dried film is mechanically
strong, adhesive and flexible, and re-
tains these characteristics under ad-
verse heat conditions.

One machine was wound with glass-
covered wire and insulated with glass
and mica, after which it was treated
with two coats of S-110. The machine
was then run to destruction. Upon in-
vestigation, the insulation varnish was
found to be in excellent condition and
the stator showed no signs whatever
of breakdown even though the rotor
bars had loosened, due to the brazing
having melted away at 700-800 deg. C.
The insulation test on the stator was
perfect and when a new rotor was put
into the machine and fresh grease in
the bearings, the motor started wup
without any trouble.

Hard Rubber

A 8sUPERIOR TYPE of hard rubber
made from Ameripol, the synthetic
rubber produced by this concern, is

Hard rubber made from synthetic rubber
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announced by the B. F. Goodrich Co.,
Akron, Ohio. The new synthetic hard
rubber will stand temperatures 100
deg. F. higher than the best hard rub-
ber made from natural crude before it
will soften. It has been pointed out
that the new development will extend
the field of hard rubber, since it over-
comes many of the limitations which
had restricted the service of this type
of rubber under extremely severe con-
ditions. The accompanying illustra-
tion shows molded and extruded types
of hard rubber made from the concern’s
Ameripol synthetic rubber.

Low-Temperature Heaters

A nNew LINE of Series 4 “Lo-Temp”
unit heaters is announced by the Air
Conditioning Division of the Fedders
Mfg. Co., Buffalo, N. Y. The units
are designed to operate on steam pres-
sures up to 150 lb., with emphasis on
low final temperature, and are built
in 12 capacities, ranging from 18,000-
288,000 B.t.u. per hour, based on 2 lb.
steam pressure at the unit and 60 deg.
F. entering air temperature. Heating
elements are designed to expand and
contract freely within the cabinet and
are anchored by telescoping mountings
which maintain alignment and prevent
stresses between elements and cabinets.

Low-temperature unit heater

6—105



Toxic dust respirator

Tubes of 3 to 1 ratio provide stream-
lined air flow over prime and second-
ary surface. Individual saddle fins
allow each tube to give laterally, thus
relieving differential expansion stresses
between adjacent tubes. Fins saddled
over the sides of tubes eliminate ex-
pausion stresses between fin and tube

and between bonding points. One of
the units is illustrated in an accom-

yanying photograph.
panying 2

Blueprint Letterer

A NEW TYPE of machine has been de-
veloped by the Ralph C. Coxhead Corp.,
333 Sixth Ave.,, New York, N. Y., to
speed the lettering of dimensions, bills
of material, and notes on drawings
and blueprints. The machine eliminates
time-consuming hand-lettering of speci-
fications, thereby saving valuable time
for draftsmen. It is claimed that a
hand-lettering joh for specifications on
a single sheet that formerly took 4 to 5
days of a draftsman’s time is now done
by a typist in half a day.

The new machine is an adaptation of
the Vari-Typer, with changeable type
faces and spaces. It uses a type font
instead of letters and symbols on single
type. Changing the type font permits
use of a variety of styles and sizes
of alphabets. The spacing arrangement
is variable to permit use of alphabets
with different width letters. The fea-
ture that makes the machine adaptable

Blueprint lettering machine
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to sheets of great size is a basket-type
carriage with open ends. The carriage
and its supporting track have been
extended to accommodate 20-ft. sheets.
On the basis of a survey of 14 major
companies producing war equipment,
this concern has estimated that the
new machine method of lettering draw-
ings can effect a saving of 75 percent
or more in draftsmen’s time by elimina-
tion of hand-lettering. The machine is
illustrated in an accompanying photo-
graph.

Respirator

A XNEW RESPIRATOR for protection
against toxic dusts has been announced
by the American Optical Co., South-
bridge, Mass. Representing a new de-
sign in toxic dust respirators, this new
American R9100-T protector is light
in weight and gives full vision, as shown
in the accompanying illustration. The
filter has been approved by the U. S.
Bureau of Mines for protection against
the inhalation of toxic or poisonous
dusts such as lead, cadmium, arsenic,
chromium, manganese, selenium, vana-
dium and their compounds. The face-
piece with its leak-sealing cantilever
edges of pliable rubber gives comfort
to the face, while the simple, non-re-
versing exhalation valve provides pro-
tection. The double headband of solid
rubber holds the respirator, which
weighs only 1} oz, in place without
noticeable tension.

Industrial Humidifier

A NBEW INDUSTRIAL humidifier just
announced by the Carrier Corp., Syra-
cuse, N. Y., provides low-cost humidi-
fication, yet is compact, easily installed
and low in power consumption. The
unit can be moved readily to accommo-
date equipment layout changes, and is
suitable for use in single or in mul-
tiple. Available in two capacities, the
two sizes will provide 4,800 or 6,150 cu.
ft. of humidified air per minute, and
evaporate up to 96 1b. of water per
hour. The unit, built in two sections
to facilitate handling and designated
as the Carrier Type 43G, includes fan
and motor, humidifier pack, heating
coil, drip pan, dampers, lint catcher,
and housing.

Condensate Sampler

A cONDENSATE sampler for electrical-
conductivity check-up of steam or other
condensate has been announced by In-
dustrial Instruments, Inc., 156 Culver
Ave., Jersey City, N. J. The device op-
erates in conjunction with a suitable
electrical  instrument calibrated in
direct-reading terms such as percentage
of carry-over of soluble salts. The cell
holder admits the condensate into the
chamber provided with a baffle and a
two-way drain cock. At the bottom of
the chamber is the conductivity cell.
The thermometer indicates the tem-
perature of the condensate, and a sight
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gage shows the presence of oil which
can be drained off by turning the drain
cock to the oil-drainage position, there-
by safeguarding the conductivity cell
against contamination. The cell holder
is available alone for use with any type
of condensate cooler or in combination
with a new type of condensate cooler
now available. The cell holder admits
the condensate through its }-in. solder-
less pressure-connected copper pipe.
An outlet pipe with a two-way control
cock releases the condensate to the
drain pipe. A neoprene baflle within
the sampler chamber insures the proper
circulation of the condensate past the
conductivity cell screwed in at the
bottom of the chamber.

Plastic Insulation

For Tue cold insulation of pipes,
walls, ceilings, tanks and other equip-

ment, to prevent condensation and
sweating, J. W. DMortell Co., Kan-

kakee, I1l., has announced No-Drip, an
improved plastic cork coating which
does not require power spray equip-
ment for its application. It may be ap-
plied with an ordinary. paint brush, a
trowel or a spray. This material is
spread } in. thick over metal, concrete,
brick, plaster, tile, wood, composition
or metal surfaces, and can be painted
any color. It is said to act not only as
an insulation, but as a protective coat-
ing for preventing rust.

Blower Units

PropucTioN or new motor blower
units in a wide range of sizes is
announced by the Niagara Blower Co.,
6 E. 45th St., New York, N. Y. These
are available in 16 models and are pro-
duced in 1, 2 and 3-fan assemblies to
meet resistance up to 4 in. s.p. and in
capacity from 880 to 42,600 cu.ft. per

min. Fan speeds range from 300 to
1,750 r.p.m. The blowers may be

secured with or without casings. They
are belt-driven or direct-connected and
are especially designed for simplified
application to duct systems. Units
are available in two series of fan de-
Series 1100 gives large volumes
of air with quiet operation at low fan
speeds for static pressures up to 1} in.
Series 1200 meets the resistance of
duet systems and special conditioning

Sons
SI1ZNS.

equipment, protecting motors from
overload by a retarded horsepower

curve, for static pressures up to 4 in.

Two-fan, belt driven blower

y
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Equipment Briefs

A NEw MODEL of Mineralight ultra-
violet ray black-light lamp, useful for
identifying tungsten ores and other
minerals which fluoresce under black
light, is announced by Ultra-Violet
Products, Inc., 5205 Santa Monica
Blvd., Los Angeles, Calif. The new
model operates with a cell in a built-in
compartment and features a built-in
regular flashlight in addition to the
black light lamp. A double contact
switch enables the operator to use
cither type of light, thus permitting
him to look for likely indications with
a regular light and to check at once
with the black light. The unit weighs
74 1b,, including 2 six-volt lantern bat-
teries. Small batteries will operate the
lamp for 15-20 hours,  which has an
ultra-violet efficiency high enough to
detect the mineral Scheelite as far
away as 10 ft.

)

IN orRDER TO provide a method of in:
dicating air raids and necessity for
blackouts, the ‘““Reco” motor-driven
coding control has been developed by
the Reynolds Electric Co., 2650 W.
Congress St., Chicago, T1l. As its action
is automatic, the danger of careless-
ness and error with manually operated
sirens and alarms is avoided. The unit
has two signals: one which gives a
series of alarms in 15 cycles of raising
and lowering tones during the period
of two minutes, and the other which
signals a steady “all clear” siren blast
for two minutes. This control is sup-
plied with automatic cut-off and push-
button start, for 110 volts, 60 cycle
current and can be furnished in
weatherproof cabinets.

A NEW APPLICATION for its electrically
conductive rubber and synthetic rubber
compounds, in the form of a new sand-
blast hose, has been announced by the
B. I". Goodrich Co., Akron, Ohio. The
new hose replaces the company’s previ-
ous anti-static sandblast hose which
used an internal wire construction for
dissipating static charges. The new
hose contains no wire, the rubber com-
pound itself carrying away the static
electricity as fast as it forms. The
company has also announced that its
Type 400SS oil hose is now made en-
tirely without natural rubber, its own
synthetic rubber, Ameripol, being used.

Prorovorr Corp., 95 Madison Ave.,
New York, N. Y., has announced the

Hot liquid midget pump

new Lumetron Model 400 portable
photoelectric colorimeter which fea-
tures portability, simplicity of opera-
tion and low price. The meter operates
from any 110-volt outlet and is claimed
to be exceedingly simple to use. Al-
though in the price range of visual
colorimeters, the new model offers the
various advantages of photoelectric in-
struments, such as independence from
the personal equation.

KnxownN as the Verd-A-Ray lamp, a
new incandescent lamp said to reduce
eye strain and fatigue and thus to con-
serve the body’s vitamin A has been
introduced by Save Electric Corp.,
Toledo, Ohio. The new bulb gives off
less of the red and more of the green-
yellow rays, casting a pastel green hue
on white substances and making them
glare-free, according to the manufac-
turer. The effect is said to be about
the same as that of ordinary light or
the so-called “eye-ease” green paper,
The bulb is coated with a ceramic glass-
on-glass filter, is said to consume the
same amount of current as standard
lamps of equal wattage, and is available
in sizes from 40 to 1,500 watts.

To coNservE NICKEL for the war
effort, the American Manganese Steel
Division of the American Brake Shoe
& Foundry Co., Chicago Heights, Ill.,
has made available a new manganese
steel welding rod known as “V-Mang.”
An alloy steel containing 12-14 percent
manganese, molybdenum and other ele-
ments, this electrode will replace
Amsco  Nickel-Manganese steel elec-
trodes, except in a few exceptional
cases. Tests have shown that the new
rod can be applied readily and that it
has ductility and tensile strength equal
to or better than nickel-manganese
steel rod as applied. It can be used to
repair fractures in manganese steel
parts as well as for built-up work,
depositing a uniform bead similar to
that from nickel-manganese electrodes.
It is available bare and coated in
-in, o%-in., F-in. and -in. diameters
and in 18-in. lengths. Standard con-
tainers, waterproof wooden boxes, con-
tain 50 1b. of rods.

Midget Hot Liquid Pump

Tue EAasTterNy Engineering Co., 45
Fox Street, New Haven, Conn., an-
nounces a newly designed midget hot
liquid pump known as the Model EH,
illustrated in an accompanying photo-
graph. The design of the pump makes
it suitable for handling hot liquids up
to 500 deg. F. The unit is of the cen-
trifugal type, weighs 7 1b.,, and is 12
in. long by 4 in. wide by 43 in. high.
The motor is of the 1/20 hp. universal
fan-cooled type for use on 115 volts,
a.c. or d.c. Both motor and pump are
coupled through a 5-in. heat radiat-
ing tube and the shaft is supported by
outboard ball bearings. The pump
will deliver ‘a maximum pressure of
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High capacity metal vacuum pump

21 1b. per sq.in. and a maximum vol-
ume of 74 gal. per min. Materials of
construction include stainless steel,
Monel metal, chromium-plated bronze,
Hastelloy “C” and other alloys.

Booster Pump

A NEW HIGH-CAPACITY metal vacuum
pump, known as the Metal Booster
Pump, Type MB-200, designed for use
with forepumps having low volumetric
efficiency at pressures below 1 mm. of
Hg, has just been announced by Dis-
tillation Products, Inc., Rochester,
N. Y. This 2-stage oil diffusion unit
will boost™ the pumping speed to 200
L. per sec. and will carry the vacuum
from 0.5 mm. to 5x10° mm. of Hg.
The unit has a vertical casing 6x20
in. and is readily connected to large
mechanical pumps by 13 in. standard
pipe fittings, or in the optional model,
as shown in an accompanying illustra-
tion, by a 2-in. i.d., 4 in. od. flange.

Incandescent Luminaire

ApAPTED FOR extreme service loca-
tions, such as steel mills, foundries,
chemical plants or wherever acid fumes,
dust, smoke or excessive moisture is

Incandescent Millite luminaire
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Unit for drying sized coal

present, a new vapor-tight Millite lu-
minaire for incandescent or mercury
lamps has been announced by the West-
inghouse Lighting Division, Edgewater
Park, Cleveland, Ohio. Because of its
weatherproof construction, the unit
can be used for outdoor applications.
Consisting of three parts, a porcelain
enameled steel reflector available in
several sizes, a socket assembly, and a
hinged glass cover, the unit is arranged
for conduit mounting. Reflectors for
300 and 500-watt sizes are made from
19 gage iron sheet, and the 400,750,
and 1,000-watt sizes are from 18 gage.

Vapor-tight sealing is obtained with
a heavy, treated asbestos gasket be-
tween cover and housing. An impact-
resisting glass lens 0.25 in. thick is
designed to withstand sharp tempera-
ture changes and if broken, shatters to
small dull fragments rather than split-
ting into large pieces. The unit is
shown in an accompanying illustration.

Coordinator Device

A NEW COORDINATOR device, called the
“Produc-Trol” and illustrated by the
accompanying photograph, has been de-
veloped by Wassell Organization, West-
port, Conn. Use of this device enables
executives to see all facts concerning
raw materials, parts, assemblies, ma-
chines and man hours. It is especially
useful where multiple-shift production
is maintained. The unit lists parts,
assemblies, sub-assemblies, or individ-
ual operations on a part, at the left of
the board. Movable tapes working from
left to right on pulleys bring all perti-
nent facts into focus. Double rows of
peg holes under the movable tapes and
various colored pegs permit various
arrangements of comparative data and
control required for any operation.

Coordinator device and board

Units can be ordered. in sizes to fit
specific needs. Models are also avail-
able for individual and group incentive
plans.

Coal Dryer

A NEW DRYER for the effective remov-
al of surface moisture from sized coal
has been tried out on actual installa-
tions and is now announced by the
Link-Belt Co., 307 N. Michigan Ave.,
Chicago, I1l. The dryer, to be known
as the Link-Belt “SS” dryer, combines
mechanical dehydration with heat dry-
ing and is available for drying sized
coal of 10 mesh and up. The unit com-
prises a drying chamber with perforat-
ed reciprocating-plate drying surface;
coal inlet and outlet; hot air inlet
from a coal-fired furnace; and an ex-
haust fan for drawing the hot air into
the chamber, over and through the
bed of coal, down through perforations
and reciprocating plates to the ex-
haust stack. Operation of the mov-
ing element is analagous to that of
the shaker screen except that the per-
forations are small and are intended
only for passage of drying air. Inas-
much as the coal passes through the
dryer in a thin bed at slow speed, it is
uniformly dried with low temperature
air and discharged relatively cool.
Comparatively little power is required
for operation of exhaust fan and recip-
rocating plate. The unit is illustrated
by an accompanying figure.

Load-Center Unit Substation

NEW STANDARDIZED load-center unit
substations are now available in sizes
ranging from 100 to 2,000 kva., ac-
cording to the Allis-Chalmers Mfg. Co.,
Milwaukee, Wis. These compact units
can be installed anywhere in industrial
plants or power distribution centers,
saving valuable headroom, floor space
and long secondary runs of heavy cop-
per.

Extremely flexible, the standard unit
substations offer a wide source of in-
coming- and outgoing-line arrange-
ments. The substation consists of a
metal-enclosed incoming-line section, a
throat-connected transformer and a
low-voltage heater section. On the high
voltage side, potheads, disconnect
switches, oil fuse cutouts, metal-clad
switchgear or direct connection through
terminal box can be supplied. On the
low voltage side, stationary or draw-
out air breakers, electrically or manu-
ally operated, are furnished. Trans-
formers can be oil-immersed, dry type
or non-inflammable liquid filled.

Rotary Pump

A NEW VERTICALLY mounted rotary
pump has just been put into produc-
tion at the plant of the Blackmer
Pump Co., in Grand Rapids, Mich. This
unit has a capacity of 150 g.p.m. at a
pressure of 100 lb. per sq.in. and is
powered by a 15 hp. gearhead motor,
300 r.p.m. on the pump shaft. The same
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type of pump and mounting is also fur-
nished in capacities from 5-700 g.p.m.
and in pressures up to 300 lb. per sq.in.
This pump can handle a wide range of
liquids. The pump is self-adjusting for
wear, and there is practically no loss
of volumetric efficiency during the life
of the swinging vanes. When the
buckets are worn out, the unit can soon
be restored to its original efficiency.

Abraser Vacuum Pick-Up

THr TABER Instrument Corp., North
Tonawanda, N. Y., has announced its
improved Abraser Vacuum Pick-Up,
Model HV-42, as accessory to the Taber
Abraser method for measuring resist-
ance to abrasion of surface finishes.
The function of the vacuum pick-up is
to prevent accumulation of abradings
from interfering with the normal wear
action of the Calibrase wheels. The
unit has a nozzle mounted on the suc-
tion end of the housing so as to swing
in and out of position. The nozzle-
holder, can also be adjusted vertically
to the proper height above the speci-
men. The contaminated air is drawn
through the nozzle and connecting
tube into the high-speed centrifugal
pump, then through a special filter
bag, which can be quickly and con-
veniently removed for cleaning. The
motor is the high-speed universal type
designed for operation on any electrical
circuit of 110-120 volts.

 Panel Mounting

THE LITTLEFUSE indicator, or Panel
Mounting No. 1414, which instantly
reports a break in circuit by flashing
on a light only when the circuit is
broken, has been announced by Littel-
fuse Inc., 4757 Ravenswood Ave., Chi-
cago, Ill. When installed at any con-
venient or desirable point in connec-
tion with remote motor control, it
works instantly with a plainly visible
signal to show ‘““on” or “off.” When the
circuit breaker opens the light goes on.
The unit can be had for 24 or 48 volt
filament bulbs with which no resistor
is used. Otherwise it uses a built-in,
200,000 ohm. protective resistor, in
series with a neon lamp. The resistor
prevents the lamp from blowing out
on unexpected high voltages. The lamp
glows on current as low as 100 micro-
amperes. The indicator has a black
Bakelite body and is made for panels
up to ¥; in. thick and 3} in. diameter
mounting hole. Overall length is 2 in.
below panel, ¥ in. above panel. The
rating is 90 to 250 volts.

Panel mounting
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There are no “gpills” at »

turns when TUBE-TURN fittings
are on the job!

= ACHE PHOTO.

Disaster at the turns is an old story—

With spray flying and motors roaring, speed boats hurtle around
the buoy-marked racing turns at break-neck speed! Cutting the
curves too sharp or too fast means an upset—another case of failure
at the turns.

The same danger lies at turns in piping systems. Wherever there
is a change in flow direction, the strain imposed by the flow speed
and pressure increases the probability of leakage and failure un-
less they’re welded and protected with Tube-Turn welding fittings!

Write for helpful Tube-Turn data book and catalog.

Tuse-Turns, INc.,, Louisville, Ky. Branch offices: New York, Chicago, Phila-
delphia, Pittsburgh, Cleveland, Tulsa, Houston, Los Angeles. Distributors in
all principal cities.

In this small area are fifteen places where

Tube-Turn welding fittings and flanges are

on the job—giving full protection against TuBE-T“R“
leakage and other maintenance worries. In b o N

any complete piping system, figure the
hundreds of points where flow direction

changes, and you’ll see why Tube-Turn e ’ l
returns, elbows, tees, reducers, laterals, | 1 Eﬂ] & Jit Q |E.:v & {{
nipples, caps and flanges offer extra protec- ﬂ— _ e ]

tion and trouble-free piping.




Beet Sugar
Production

UGAR BEETS are grown in the dis-

triet between Michigan and Cali-
fornia and produce substantially 25
percent of the sugar (sucrose) nor-
mally consumed in the United States.
Of the eighty-odd American beet proc-
essing factories, that of the Amalga-
mated Sugar Co., at Nyssa, Ore., is one
of the most modern.

For processing, the beets are washed
and “sliced” into long, narrow, thin
v-shaped “cossettes”. These are fed
to a battery of vessels wherein the
sugar and other soluble constituents
are extracted by diffusion in a counter-
current manner. The resulting solu-
tion is ftreated, in first carbonation,
with milk of lime (or sacchrate milk
from the Steffen House) and carbon

dioxide to precipitate impurities. The

precipitate is separated from the puri-
fied solution by thickening and filtra-
tion and the clear solution is further
treated with carbon dioxide to pre-
cipitate residual lime, and again the
precipitate is separated from thé'solu-
tion by filtration. The resulting filtrate
is concentrated in a quintuple effect
evaporator to a point just short of
saturation. The resulting solution is
further concentrated in the “white”
vacuum pan fo produce sucrose crys-
tals, and the resulting “massecuite” is
separated in centrifuges to produce
refined sugar and ‘“green syrup.” The
refined sugar is then dried by passing
through a rotary dryer and is, in the
more modern factories, stored in bulk
to be packaged for shipment as de-
sired. The green syrup is further con-
centrated in vacuum pans to yield
impure sugar crystals which are re-
turned to the system for reworking.
Sugar is recovered from the molasses
by adding pulverized quick lime to a
dilute solution thereof (the Steffen
Process) at temperatures below 20
deg. C. The resulting precipitate, tri-
caleium saccharate, is separated by fil-
tration and the filtrate is heated to
produce a second sugar-containing
precipitate which is separated by thick-
ening and filtration. The two pre-
cipitates are mixed to form saccharate
milk which is used in first carbonation.

CHEMICAL & METALLURGICAL
ENGINEERING
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l Centrifugal beet pump designed 1o fransfer the whole beets from the
unloading yard into the mill. Flume water and beets are lifted over 9 ft.

A
Chem & Met
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SHEET

BEET Water

STORAGE

BEET
= IRASH PUMP Lo e O e

SEPARATION ] Bl ]—[

BEET WASHER

Water

1

3 The cossetles are fed by conveyor to a battery of diffusion vessels where
the sugar is extracted by counter current principle




J'\"’..-.z
7 General view showing evaporators (left), vacuum pans (rear), part of
cosselte conveyor (foreground), and one of the crystallizers (left rear)

8 After the final purification the sugar solution is pumped to the juice bollers and
then to the quintuple-effect evaporators, Concentration is followed by graining

6 Centrifugal juice pumps are of unique design in that they have what
is known as an air or non-condensible gas removing fixture

4 Sulphonation tower, and first and second carbonation tanks are shown.

2 Beels are next washed to remove all dirt and {rash, elevaled to scales, dumped
Sucrose solution is ireated in the first tank with CO. and saccharate milk

into cutters which reduce them ta V-shaped slices known as “cosseites”
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Reports, Reprinis & Supplements
iqr the Chemical Engineer’s Data File

FLOWSHEETS

A Chem. & Met.’s Chemical Engineering Flowsheets,
revised and enlarged third edition. 120 flowsheets of
the process industries.............. SEE AR o $1:2b

Materials of Construction

K Chemical Engineering Materials of Construction.
1940 edition, 16-page report on materials for chemical
process equipment, with 31 x 44-in. wall chart giving
composition and properties of metals........ ey 50¢

CHEM. & MET. REPORTS

3 Plant Lighting. 8-page report reprinted from January
1040 issue. An engineering study of lighting problems of
chemical plants ............ SRR B O A B SR OB S B T 25¢

4 Report on Raw Materials. (32 pages, Feb. 1940.) Mar-
ket and economic factors........ ..o, SR A s i 25¢

6 Opportunities in the Pulp and Paper Industry. (8 pages,
April 1940.) Jobs available, lines of promotion, unsolved
problems .......... S o A ORI iy B (i B el 200

8 Opportunities in Petroleum Refining. (8 pages, June
1940.) Work, salaries and chances of advancement....25¢

9 Mechanical Power Transmission. (8 pages, July 1940.)
Use of various types of available equipment........... 25¢

10 Measurement and Control of pH. (8 pages, Aug. 1940.)
Industrial applications ... . toi vl i G e 25¢

12 Chemical Plant Safety and Fire Protection. (8 pages,
Oct. 1940.) Causes of accidents and means for their avoid-
ance: il ot A B G R B D e OO X O 05, DA o aeiataraos 25¢

13 Chemicals in the National Iconomy. (16 pages, Nov.
1940.) How American chemical industry is serving the
National Defense il i il nnaciioiiiiaia: e 25¢

14 Maintenance in Chemical Process Industries. (8 pages,
Dec. 1940.) Symposium on a subject of increasing interest
and importance ......... SR L O s T e E e enneabe

27 Chemical Manpower for National Defense. (8 pages,
Jan. 1941.) Personnel problems........ccveveenvseee The20¢

28 TFacts and Figures of American Chemical Industry. (40
pages, Feb. 1941.) A public accounting of the nation’s most
important industry i D B e o S O D e T

29 Energy Supply for Process Industries. (8 pages, March
1941.) Economic generation of power and more effective
use of el s i i L T R LR e LSt 25¢

30 Chemical Industries’ Role in Midwestern Economy. (8
pages, April, 1941.) Raw material and labor resources,
transportation and power facilities........ gty ket 2B ¢

31 Design and Construction of Process Plants. (48 pages,
May 1941.) Solutions to problems of plant expansion in
times of national emergency..........ccvevesosns s D0¢,

32 Water Treatment for Process Industries. (8 pages,
June 1941.) Recent developments in economical and more
rapidEmethod s e e s e caaatote s &

33 Southern Chemical Progress. (8 pages, July 1941.) Re-
port on growth and the effects of the national emergency.25¢

34 Process Steam and Power. (8 pages, Aug. 1941.) Ad-
vances in economical steam and power generation...... 25¢

35 Progress and Trends in Western Process Industries.
(16 pages, Sept. 1941.) Recent changes in the process indus-
tries of the 11 Western states......... A EISH STy o258

36 Opportunities in the Synthetic Organic Chemical Indus-
try. (8 pages, Oct. 1941.) Introduces the industry to all
chemical engineers—practicing or prospective...... et 25¢

37 XKeep '‘Em Turning. (40 pages, Nov. 1941.) To helpn
chemical engineers to meet equipment bottlenecks, and raw
material and manpcwer shortages..... Aeileiats sfate S n i 05¢

53 Wartime Protection of Industrial Plants. (8 pages, Jan.
1942.) Combating sabotage, incendiarism and air raids..25¢

54 Chemicals Go to War. (40 pages, Feb. 1942,) Basic
information on the important role chemicals play in Amer-
feals wartime s ecoNOmMY s iui o i T San sisiaie 50¢

55 IRlectronic Devices For Process Control—I. (8 pages,
March, 1942.) Types and principles of electronic devices
used in process industry control......... ... oo 25¢

56 Itlectronic Devices for Process Control—Il. (8 pages,
April, 1942.) Applications of tubes and cells used for control
and . other PULDOSeS . e s o iy ol s Sl Cot 25¢

57 Diffusional Operations in Chemical Engineering (48
pages May 1942) Reports on such unit operations as drying,
leaching, dissolving, absorbtion, extraction, crystallization,
etel S e g e e S L 50¢

58 Southwestern Chemical Trends and Progress (16 pages
June 1942) New developments in the Process Industries in

the SouthwWeSt e e, e eve s A T G 25¢
-

Miscellaneous

15 Public Relations for Process Industries. (16 pages, Oct.

T b b e e o S e TS T T T e S D TSP e i 25¢

16 Preference Ratings Are UP TO YOU. By William B.
Spooner, Jr.¥ (8- pages, |\OctiH1041.)00iil s st s i, ..10¢

FREE. As long as the limited supply on hand lasts, copies
of the reprints listed below will be sent gratis if requested
with an order for any of the above reports or flowsheets.

19 Explosions That Weren’t Planned. By Ernst Berl. (8
pages, April 1940.)

20 What You Can Do for National Defense. By Major
M. E. Barker. (2 pages, July 1940.)

22 Humidity Damage to Buildings and Means for its Pre-
vention. By C. R. Downs and J. W. Spiselman. (4 pages,
Sept. 1940.)

24 Magnesium: Its Production and Use. By Herbert A.
Franke. (4 pages, March 1941.)

o

ORDER BY NUMBER—Save Time

Address Department E

Chemical & Metallurgical

Engineering
330 West 42d St. New York, N. Y.
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- HELPFUL HINTS ON
CHOOSING VALVES
FOR BETTER

PIPING SERVICE

“My boss wasn’t kidding when he
satd he didi’t bave time fto teach
me. Yet, with the plant going night
and day, I'm being called on more
and more to use my own judgment
in handling maintenance. That's
big responsibility for new men—
with piping so important. But I'm
catching on—uwith the belp of these
Crane Piping Pointer Bulletins.”

7” o Mli[ TRM

TO HELP KEEP PIPING
ON THE s08

—BUT NO
DOPE 13 000D
pE A LINE! m“ﬂ:‘;":‘;

/)

ODAY, Crane Shop Bulletins

are doing a timely twofold
job in many plants. (1) Their
many practical hints on better
piping practice aid in training
and supervising maintenance
crews. (2) They help step-up the
operating efficiency of pipe lines,
and assure maximum service
from present equipment.

ook ouT
VALVESL I

15

p § hangers OF suppor
go;oor intervals is tonsi‘: d
octice _for mos) 0

Piping Pointer Bulletins are
offered free to your plant—for
your employee training school,
for posting in shops, for distri-
bution to your men. Just ask
your Crane Representative; he
will be glad to supply them.

CRANE CO., GENERAL OFFICES:
836 SOUTH MICHIGAN AVENUE, CHICAGO

VALVES « FITTINGS » P/PE
s HEATIN PUMPS
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RAYMOND

Double Whizzer Type
ROLLER MILL

DIVERSIFIED GRINDING . . .

Typical Roller Mill

Applications
Pigments Chemicals
Resins Plastics
Fullers Iron Oxides

Earth
Cocoa
Carbon Cake
Mixtures
e Talc
ays Caustic
Bentonite Lime

Miscellaneous Non-metallic
Minerals

There are many other materials which
can be ground economically with the
Raymond Whizzer-Type Roller Mill . . .
If you have any special problems, let
Raymond engineers recommend the right
equipment for your purpose.

116—6

When pulverizing different products or making various grades
of the same product, this versatile grinding mill permits quick
changes in degree of classification . . . and when once set for
a given fineness, it will maintain a constant uniformity of
finished material.

A typical installation, producing insecticides and other chemi-
cals, illustrates the flexibility of this system. The mill is pro-
vided with a separate fan for inducing CO: gas into the system
when grinding sulphur. This fan is kept inoperative when
handling bauxite and other materials. Desired fineness for
each product can be obtained simply by changing the speed of
the whizzer by the variable control unit.

The mill may be equipped with a throwout attachment for
rejecting impurities automatically, thus refining the product
where high purity is required. Materials with some surface
moisture may be dried and pulverized in one operation by
introducing heated air into the mill.

Write for Catalog #51

RAYMOND PULVERIZER DIVISION
COMBUSTION ENGINEERING COMPANY, INC.

1311 North Branch St., CHICAGO
Sales Offices in Principal Cities
Canada: Combustion Engineering Corp., Ltd., Montreal

e JUNE 1942 « CHEMICAL & METALLURGICAL ENGINEERING




