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ABSTRACT

Seven areas in Oklahoma are described in which commer-
cial development of gypsum or anhydrite appears practical. Con-
sideration is given to accessibility, transportation, fuel, and
electric power sources.

A brief outline shows the current uses for gypsum and an-
hydrite, together with a review of the literature pertaining to pos-
sible uses for these materials in a manner other than presently
employed in Oklahoma.

Results of laboratory experiments in the laboratory of the
Oklahoma Geological Survey are shown which suggest a field for
further investigation into industrial applications and uses for the
tremendous reserves in Oklahoma of these naturally occurring
calcium sulfates.

GYPSUM AND ANHYDRITE
in
OKLAHOMA

by
Albert L. Burwell

The gypsum deposits of Oklahoma are part of the Redbeds
which are the surface rocks of the greater part of the western
half of the State. The commercial deposits occur in two distinct
geologic formations, designated as the Blaine and the Cloud
Chief. The nature of the two formations will not be discussed
at this time. Much of our present knowledge on these materials
is based on Oklahoma Geological Survey, Bulletin 11, The Gyp-
sum and Salt of Oklahoma, by L. C. Snider published in 1913
and now out of print. It is realized that some of the conclusions
set out in this bulletin were drawn from erroneous information
and care should be exercised in using the material.

The gypsum deposits of Oklahoma may be grouped for con-
venience into three regions: (1) the first line of gypsum hills
along the Cimarron River, (2) the second line of gypsum hills
running approximately 30 to 50 miles west of the first line, and
(3) the Southwestern region, which is in the extreme southwest-
ern part of the State.

The first line of hills are part of the Blaine formation, and
there are three gypsum members of the formation throughout most
of the range. The members are designated as the Ferguson, the
Medicine Lodge, and the Shimer and are separated by beds of red
and green shale. The outcrop is a pronounced eastward and
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northeastward-facing escarpment with soft red shale below. The
cutcrop enters the State from Kansas on the Salt Fork of the
Arkansas River and follows down that stream for a few miles,
swings back along the north bank of the Cimarron River, crosses
the river near the Kansas line, and extends down the south side,
gradually gecting farther away from the stream until the gypsum
hills die out in northern Canadian County.

The second line of hills is part of the Cloud Chief forma-
tion. The gypsum ledges appear in southern Woodward County
and extend southward. Exposures occur in Dewey, eastern Ellis
and Roger Mills, and in Washita, Caddo and Comanche counties.
The ledges of this second line of hills are not continuous as they
are in the first line. As a matter of fact, good exposures of com-
mercial thickness and extent are rare. In the southernmost ex-
posures they might be classed merely as outliers. Over most of

the range the width of the gypsum belt is from five to thirty miles.

The Southwestern region gypsums occur in a manner simi-
lar to those of the first line of hills. Most of the commercial
possibilities of the region are probably in the gypsums of the
Blaine formation although there are good exposures in the Cloud
Chief. Ledges of the Blaine formation extend from western Cad-
do County, westward across southern Washita and northern Kiowa
counties, into south-central Beckham County, thence southward
across Greer, Harmon, and Jackson counties to the Texas line.

A search for commercial quarry sites will involve several
factors. Obviously, the list will include the thickness of the
beds, the physical condition of the gypsum, the purity, the over-
burden, the dip and position relative to the surrounding terrain.
It should include the availability of transportation, rail and high-
way, and of fuel and power.

In the following pages are set out descriptions of several
areas wherein it would appear that ample quantities of gypsum
are available and other conditions are favorable for commercial
development.

AREA 1

This area is made up of a strip along the Cimarron River
and Buffalo Creek, for a distance of approximately twenty miles,
containing ample reserves of gypsum in workable ledges. The
gypsum here is in the Blaine formation and much of it is coarse-
ly crystalline selenite form. The eastern end of the strip is on
the north side of the Cimarron River at a point near Fair Valley
and extends to a little beyond Edith, thence westward across the
river and up Buffalo Creek for perhaps five miles.

Gypsum of the Blaine formation exposed on the north side
of the Cimarron River in the region from east of Fair Valley to a
few miles east of Saratoga offers many possibilities. The bluffs
are back from the river two to five miles. Several creeks enter
the river at near right angles and each has cut a canyon or gully
back into the gypsum upland. The canyon may be up to five
miles in length and most are not over one half mile in width.
This portion of the area lies in Woods County. Across the river
near Edith, Buffalo Creek has cut a canyon in the gypsum about
twelve miles in length and not exceeding one mile in width. This
portion of the area is in Harper County.

The clearer exposures seem to show consistently three ledg
es of gypsum of which the lowest is the thickest, while the mid-
dle and upper ledges are of approximately equal thickness. The
lower and middle ledges are separated by only a few feet of shale
whereas the middle and upper are separated by an interval of
some fifteen feet. A measured section in the W!5 of section 24,
Township 29 N.; Range 17 W. found the upper (Shimer) ledge
eroded, yet still eight feet thick. It is underlain in succession
by twelve feet of shale, eight feet of middle (Medicine Lodge)
ledge, seven feet of shale, and eighteen feet of the lower (Fer-
guson) ledge.

A branch of the A. T. & S. F. Railroad, operating west from
Waynoka to Buffalo follows the Cimarron River on the north side
from near Fair Valley to Edith where it crosses the river and fol-
lows Buffalo Creek to Buffalo. The railroad is relatively close
to the gypsum ledges for twenty miles or more. The branch line
joins the main line of the railroad at Waynoka, giving adequate
service northeast and westward.

A high-pressure natural gas line of the Cities Service Gas
Co. from the Panhandle gas fields passes near Buffalo and Alva
on its way eastward. The distance from the ledges to the gas
line is not great at any point. U. S. Highway 64 runs east and
west just a short distance north of the gypsum ledges, the dis-
tance being just sufficient to clear the canyons which would re-
quire bridging. A paved spur runs south from the main highway
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to Freedom. A demand for electric power in this area would pro-
bably necessitate extension of power lines.

The reserves of gypsum in this area are large, - the ton-
nage is tremendous.

AREA 2

The second area’is a portion of Woodward County where the
A. T. & S. F. Railroad runs adjacent to Sand Creek and crosses
the Cimarron River. This area lies mainly in Townships 23 and
24 N., Range 17 W. A measured section made on Sand Creek at
a point five miles northeast of Quinlan has been reported:

Red clay with local deposits of gypsum 75 feet
Massive white gypsum (Shimer) 22 feet

Red clay 7 feet

Massive white gypsum (Medicine Lodge) 30 feet
Red clay down to creek bed 120 feet

It appears that the Ferguson member is absent in this area, as it
is in several others.

Electric power is available by extension of lines from Way-
noka. Natural gas service in the area is by Zenith Gas System,
Incorporated. Oklahoma Highway 15 runs east and west through
the area, just south of the railroad. There is sufficient gypsum
in this area to take care of the needs of a large operation. A fea
ture of the Medicine Lodge member in this area not found to the
north is the appearance of anhydrite in the middle of the member.

AREA 3

The third area lies in Townships 18, 19, and 20 N., Range
12 W. which is in the south-central part of Major County and the
northern part of Blaine County. At the northern end of the area
the hills are rounded and inconspicuous but southward they are
prominent and the canyons are steep sided. The gypsums in this
area are fine-grained and dense, typical of "rock gypsum”, where-
as the gypsums in Areas 1 and 2 are the coarsely crystalline
selenite form, a form that weathers more readily and produces a
different topography.

In section 6, Township 20 N., Range 12 W., the Ferguson
member is about 6 feet thick, and the Medicine Lodge at least 10
feet. The Shimer member is missing. Farther south in the SEY4
scection 9, Township 19 N., Range 12 W., a measured section has
been reported:

Gypsum (Medicine Lodge), top removed 4 feet

Anhydrite (Medicine Lodge) 3 feet
Gypsum (Medicine Lodge) 8.5 feet
Sandy shale and selenite bands 16.5 feet
Ferguson gypsum 6.5 feet
Greenish dolomitic sandstone 0.5 foot

About one mile farther southeast in section 16 the Medicine
Lodge is at least 15 feet thick, the anhydrite portion being about
3 feet. The Shimer is 11 feet thick with the top removed. Far-
ther to the southeast in section 26, the Ferguson is 8 to 10 feet
thick. At this location the anhydrite portion of the Medicine
Lodge member is 3 feet thick above which there is 10 feet of
pure, fine-grained white gypsum.

The United States Gypsum Company has a plant at Southard
in section 10, Township 18 N., Range 12 W., where the Shimer
member is massive and fine-grained and 17 feet thick in places.
In other places, however, the Shimer has been eroded away and
the surface rock may be the anhydrite portion of the Medicine
Lodge. To the north, in section 35, Township 19 N., Range 12
W., the S. A. Walton quarry furnishes gypsum, mainly for portland
cement manufacture. To the south, west of the village of Fer-
guson, a measured section on the South Canyon of Salt Creek has
been reported:

Massive white gypsum (Shimer) 15 feet
Soft, gray dolomitic sandstone 1 foot
Red gypsiferous clay 27 feet

Massive white gypsum (Medicine Lodge) 17 feet
(Anhydrite portion, 9 inches)

Red clay with selenite bands 25 feet
Pinkish mottled gypsum (Ferguson) 4 feet
Red clay, banded with thin selenite 86 feet

Transportation in this area is supplied in the northern part
by the A. T. & S. F. Railroad and in the southern part by the
Frisco lines. State Highway 51 crosses the area from east to
west. Electric power is supplied by the Oklahoma Gas and Elec-
tric Co. Natural gas is available from the Consolidated Gas
Utilities Corporation whose high-pressure lines cross the area
from southwest to northeast.
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AREA 4

The fourth area might be called the Watonga area. It lies
mostly in Townships 16 and 17 N, Range 11 W., and in Town-
ship 17 N., Range 12 W. A measured section in the SEY section
18, Township 17 N., Range 11 W., has been reported:

Shimer member, top eroded 14 feet
Red and green shale 32 feet
Medicine Lodge member, gypsum 9 feet

anhydrite 2 feet

gypsum 6 feet
Red and green shale, with thin gypsum 32 feet
Ferguson gypsum 5 feet
Red shale 70 feet

About four miles southeast of this location, a section along the
railroad shows 8 feet of Shimer, 12 feet of Medicine Lodge, and
3 feet of Ferguson. Continuing southeastward the gypsum beds
gradually become thinner.

Railroad transportation in this area is by the Rock Island
lines. The main highways are U. S. 270 and Oklahoma Highway
3. Electric service is by the Oklahoma Gas and Electric Co.
The Consolidated Gas Utilities Corporation furnish natural gas.

Universal Atlas Cement Co. operate a gypsum quarry in this area.

AREA 5

The fifth area is called the Weatherford area and lies
mainly in Township 12 N., and Ranges 14 and 15 W. The hills
that extend northwest from Weatherford to the west of Deer Creek
and its tributaries contain ledges of gypsum up to 50 feet in
thickness. Equally important beds are south and southwest of
Weathecford. The gypsum varies in quality but the prevailing
type is a fine-grained selenitic rock of white, pink, or red color.

Transportation is supplied by U. S. Highway 66 and by the
Chicago, Rock Island and Pacific Railroad. Nartural gas is avail
able from the Consolidated Gas Utilities Corporation. Electric
service is by the Public Service Co. The gypsum is in the Cloud
Chief formation.

AREA 6

The sixth area lies south of Carter along the north bank of
the North Fork of the Red River. The bluff where the M. K. &T.
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Railroad crosses the river offers excellent exposures. A meas-
ured section near this point has been reported:

Rough, weathered sandy dolomite capping 3 feet

the hills

Red and green gypsiferous shale 24 feet
Massive white gypsum 23 feet
Red and green shale 6 feet
Massive white gypsum 18 feet
Red and green shale 15 feet
Massive white gypsum, occasional thin

ledges sandstone 25 feet
Red and green shale 24 feet
Shale and gypsum bands 35 feet

This area is in proximity to one of Oklahoma’s major natural gas
fields. Service is supplied from lines of the Oklahoma Natural
Gas Co. to the north and the lines of Consolidated Gas Utilities
Corporation to the southwest. Oklahoma Highway 34 crosses the
area from north to south, parallel much of the way with the Katy
Railroad. Public Service Co. lines furnish electric power in this
area. The gypsum is in the Blaine formation.

AREA 7

The seventh area is in the extreme southwestern part of
the state. A report on the mineral resources of southwestern
Jackson County was completed during September 1954 by M. E,
McKinley and John H. Warren, geologists on the staff of the
Oklahoma Geological Survey. This report has not been published
but is on file at the offices of the Survey in Norman and open to
inspection. Part of this report deals with the gypsum deposits
near Eldorado, showing the location, the composition, and the
estimated reserves. A plant was formerly operated at Eldorado
by the United States Gypsum Co. who disposed of the property to
the City of Eldorado who, in turn, have leased space to one or
more industries.

This area is served by the Frisco Railroad and by Oklahoma
Highway 44. Public Service Co. lines furnish electric p(':)W?l' and
Spearman Gas Co. distributes natural gas. The gypsum is in the
Blaine formation.
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OTHER AREAS

There are a number of other localities where the occurrence
of gypsum should warranc investigation. The district south of
Erick is one and the district west of Mangum is another. Older
reports indicate that the Keechi Hills in Caddo County contain
deposits of considerable magnitude. It has been suggested that
there may be possibilities near Camargo in Dewey County. Suf-
ficient information is not available on this locatjon.

No attempt has been made to include gypsite uccurrences
in this review. The amount of gypsite is known to be great but
the clay content is generally high, limiting its use to indusery
where the clay is not objectionable

NATURAL CALCIUM SULFATE

Calcium sulfate occurs naturally as gypsum, a hydrated

compound whose composition conforms to the formula CaS0,.2H,0,

and anhydrite, which as the name implies is free from water,

Gypsum is the name of a type rather than of a single min-
eral. Gypsum is found jn several forms or varieties. One vari-
ety is known as selenite, a transparent, cleavable, normally
colorless mineral. A second is satin spar, a fibrous form with a
silky luster. A third is called alabaster, a massive fine-grained
variety which is normally white and translucent. A fourth and
commercially the most important is compact, granular, and coas-
Ser grained than the alabaster. The fifth is gypsite, an earthy,
soft, impure material which is found in a noncoherent to slighddy
consolidated condition.

Gypsum is widely distributed throughout the world. It has
served the human race in one way or another for thousands of
years. Currently, the principal use is in the preparation of
cementitious materials such as ""plaster-of-paris’’ and wall plas-
ter, materials which go into the manufacture of wall-board, stucco,
structural blocks and forms. The raw rock is ground and is added
to portland cement to control the setting. It is also applied to the
soil to condition it for agriculcural purposes and is then known as
land-plaster”. Selected pure white rock is ground for "“terra-
alba'’ which is largely used as a filler in Paper and in paint.

In Greac Britain and on the continent of Europe, gypsum and
anhydrite are the raw material from which sulfur dioxide, sulfuric
acid, ammonium and magnesium sulfate are made. Economic con-
ditions being different than in Europe, industry in the United
States has not utilized these processes although conditions may
change at any time.
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CONVERSION OF CALCIUM SULFATE
INTO
PRODUCTS OF GREATER COMMERCIAL VALUE

Extraction of sulfur from calcium sulfate by any of the known
methods may not be economically feasible in the United States
under present conditions. As long as elemental sulfur deposits
are available for production by the Frasch process, new and less
cxpensive means of utilizing the sulfur content of calcium sul-
fate must be found. The hunt for such means will continue as
long as there are differences between production and consumption
of sulfur and as long as transportation costs to points of con-
sumption enter into industrial calculations. The situation in the
sulfur market as of that date was set forth in the January 1952
issue of Chemical Engineering, pages 165 to 176, inclusive. The
several sources from which sulfur and sulfur gases can be ob-
tained are discussed together with the economics of such pro-
duction. Among the sources from which sulfur may be recovered
are sulfide ores such as pyrite and sphalerite, and also *'sour’’
natural gas which contains hydrogen sulfide. Production and
cost figures on the recovery from *'sour’’ gas are given in the
February 25, 1952 issue of the Oil & Gas Journal. Later infor-
mation on the subject may be obtained from publications listed
in the table of references.

The conversion of calcium sulfate, naturally occurring as
gypsum or as anhydrite or byproduct material from industry, into
other sulfur-containing products is being carried out in Great
Britain and on the European continent. Two methods are current-
ly in use, one involving the base exchange which takes place
when calcium sulfate is agitated in a solution of ammonium car-
bonate to yield insoluble calcium carbonate and soluble ammonium
sulfate, and the other involves the substitution of calcium sul-
tate for calcium carbonate in the manufacture of portland cement
whereby the flue gases escaping from the kiln coatain sulfur
dioxide. These methods are not presently used in this country
for economic reasons.

After consideration of such information as was available,
the Oklahoma Geological Survey decided to undertake certain in-
vestigations into the possibilities with special reference to Okla
homa natural mineral resources and their utilization. This work
has been divided into two parts. The first deals with conversion
of calcium sulfate to ammonium sulfate and the second deals with
thermal reduction of calcium sulfate. A discussion of each part
tollows.

10

CONVERSION OF CALCIUM SULFATE
TO AMMONIUM SULFATE

Ammonium sulfate is produced in the United States almost
exclusively by absorption of ammonia gas in a solution of sul-
furic acid, the ammonia being either synthetic or byproduct. In
Great Britain and in Europe a substantial portion of the ammonium
sulfate is produced by reacting ammonia and carbon dioxide with
an aqueous suspension of calcium sulfate, which material may be
natural or byproduct and either gypsum or anhydrite in compo-
sition. The reaction may be expressed by the formula:

2NH 34+ CO;+H,0 + CaS0 4+ CaCOj; (insoluble) + (NH ;) ,SO 4 (soluble)

The equation indicates a simple chemical change but when
applied to commercial production the most complex chemical en-
gineering difficulties are encountered. Large quantities of slur-
ries have to be handled in the primary reaction itself, involving
problems of stirring and -prevention of settling, and during eva-
poration of the solution, after filtering, care must be taken to a-
void discoloration. Another matter of concern is the crystal form
of the product, which requires careful control of several factors.
Since the reaction is reversible it is necessary that incoming
liquor strong in ammonium carbonate shall not be immediately
diluted with liquor containing very little ammonium carbonate.
Therefore, elaborate equipment and a valve system is required.
Further, reversibility of the reaction requires immediate removal
of the calcium carbonate. The process, though old, has only re-
cently been made commercially feasible.

The firsc attempt to apply this method to the production of
ammonium sulfate followed the granting of French Patent 427,065
in 1910 and Addition 16,763 in 1912. German Patent 281,174 was
issued in 1913 followed by 300,724 in 1916, 336,767 in 1919, and
383,004 in 19211 Belgian Patent 446,274 was issued in 1943,12
and British Patent 607,231 in 1948.2 All these patents have one
thing in common; that is, the reaction is carried out in aqueous
media. 3:4,5.6,7,8,11,12

Neumann3 calculated the theoretical equilibrium factors
and compared them with those found in actual wrials. He used
from 5 to 10 percent excess ammonium carbonate at several dif-
ferent concentrations on gypsum, hemihydrate, and anhydrite but
never attained the theoretically possible yield of 99.95 percent.
He obtained yield of 85 percent with gypsum, 92 percent with
hemihydrate, and 90 percent with anhydrite. He attributed the
low yield to the formation of the double salt CaSO4.(NlI4)2SO4.
He states that temperature exerts a negligible effect on the
equilibrium. However, Teletov® and others investigated the ef-
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fect of temperature and also of particle size and found it took 90
minutes to attain equilibrium at 20° C. but only 40 minutes at 50°
C. but that grinding the calcium sulfate to below 40-70 mesh gave
no advantage.

By 1932 the production of ammonium sulfate from gypsum in
Europe had reached the stage where it was possible to make an
economic survey of the several processes utilizing calcium sul-
fate and comparing them with the sulfuric acid absorption meth-
0d.’® The results show that in the Ukraine, ammonium sulfate
from gypsum cost 12 to 20 percenct less to manufacture and the
capital investment required is 25 percent less than for the sulfur-
ic acid absorption. In the United States the reverse of these fig-
ures were said to hold true, due without doubt to difference in
cost of sulfuric acid, which stemmed from the availability of low-
cost Frasch-mined sulfur from the Gulf Coast.

The techniques employed at the several European plants
producing ammonium sulfate differ considerably. In some cases
the reaction is conducted under pressure. 2:5:5 In one process
the conversion is conducted in a saturated ammonium sulfate
solution. ' In another a tower is used and in others counter-cur-
tent flow.**® In general it appears that all operators endeavor
to produce a pure crystalline ammonium sulfate. However, it is
to be noted that in 1941 Claude ' is credited with an improved
process whereby '*CaCO ; and (NH,),SO, are precipitated simul-
taneously in the ratio of 400 kilos (NH,),SO, per ton’’ of the
mixture and the product is “‘suitable for fertilizer’’. Claude sug-
gests ways to enrich the sludge. He makes the statement that
even with the calcium carbonate present as indicated there is not
enough to compensate for the decalcifying action of the ammonium
sulfate.

In all the literature and patents cited the reaction between
calcium sulfate and ammonium carbonate is carried out in water,
and water must later be removed from the product.

Experimental — Beginning in April 1951 experiments were
undertaken in the laboratory of the Oklahoma Geological Survey
and by September of that year it was discovered that it is possi-
ble to react calcium sulfate with ammonium carbonate, bicarbon-
ate, or carbamate in the absence of added water. It was discov-
ered, also, that gypsum, CaSO,.2H ,0, caa be reacted with gas-
eous ammonia and carbon dioxide in the absence of added water.
Through the use of these discoveries many of the difficulties in-
herent in the previously known methods were eliminated. The
product, whether the starting material is an ammonium carbonate
or the two essential gases, is a dry and intimate mixture of ammo-
nium sulfate and calcium carbonate. No attempt will be made
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here to describe the several modifications of the process, but an
example will illustrate the general idea.

If dry calcium sulfate be mixed with dry ammonium carbon-
ate in equi-molecular proportions and the mixture confined in a
closed vessel at room temperature there will be no perceptible
change even after several weeks of intimate contact, but if the
temperature be raised above the dissociation temperature of the
ammonium carbonate a reaction takes place. The dissociation
temperatures of the several ammonium carbonates and carbamates
lie in the range between 38° and 60° C., whereas the dissociation
temperature of ammonium sulfate is 100° C. With this knowledge,
equi-molecular proportions of gypsum and ammonium bicarbonate
were mixed and placed in a vessel on which a slight back- pres-
sure could be maintained. The temperature was raised to 85° C.
and held for 5 hours. The lid was removed and the contents ex-
posed to the atmosphere at 85° C. until free moisture was ex-
pelled. Unreacted ammonium carbonate would also be expelled
under these conditions. Analysis of the product indicated the
composition as follows:

42.1% CaCO_: 53.1% (NH ) SO : 4.8% CaSO .2Ii O
3 42 a4 4 2

which represents a conversion of approximately 95 percent of the
gypsum. It seems evident that moisture in the amount of two
molecular proportions of water would be necessary if anhydrite
were substituted for gypsum.

The product, being an intimate mixture of ammonium sul-
fate and calcium carbonate in dry powdered form, should offer
possibilities as a new addition to the present list of nitrogenous
fertilizer materials especially because of the control of soil
acidity which accompanies the absorption of ammonia from am-
monium sulfate by growing plants. Obviously, ammonium sulface
may be extracted and separated from the calcium carbonate if it
is desired.

REDUCTION AND THERMAL DECOMPOSITION
OF CALCIUM SULFATE

The basic factors involved in the decomposition of calcium
sulfate have been known for years. Mendeleeff, in his *"Princi-
ples of Chemistry’’ published prior to 1890, states that calcium
sulfate may be converted to calcium sulfide by heating with char-
coal. Thermal decomposition of calcium sulfate at high tempera-
tures (about 1400° C.) is well known. Replacement of the sulfate
radicle by the silica radicle is the basis for the production of
portland cement from calcium sulfate and shale with recovery of
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sulfur dioxide as a byproduct at plants in Great Britain and on
the European continent. Numerous persons in this and in foreign
countries have investigated the possibilities of utilizing the sul-
fur content or the calcium conteat of calcium sulfate in one man-
ner or another. ™15 Some of the patents issued in this coun-
try are hereinafter reviewed briefly,

Baranoff and Hildt ' describe a process using carbon to re-
duce calcium sulfate to yield mixed calcium sulfide and calcium
carbonate from which hydrogen sulfide may be liberated by treat-
ment with water. They react the hydrogen sulfide with more car-
bon dioxide to yield oxysulfide, which, in turn, is reacted with a
further quantity of calcium sulfate to yield sulfur dioxide and
elemental sulfur. It is stipulated that the reduction by carbon is
carried out at ‘‘red heat”” or below in order to inhibit as much as
possible the formation of carbon monoxide. The patent makes use
of several well-known reactions involving sulfates, sulfides, oxy-
sulfides, and sulfur dioxide.

Bolle ™ proposes to reduce sulfates with ‘reducing gases”’
after mixing with certain metallic oxides which serve as cata-
lysts. He states that steam will serve in place of the catalysts
but does not include it in his claims, which pertain to the manu-
facture of alkali and alkaline-earth sulfides.

Roth and Brenek *® describe a process for the *‘transfor-
mation of gypsum’’. Silica is used to replace the sulfate radicle.
The products are calcium silicate and sulfur dioxide, obtained
through the presence of steam and a temperature above 1100° C.

Hasselback ' offers another replacement-by-silica process
in which a mixture of gypsum, clay, and carbon is heated after
casting in shapes or forms, and designed to prevent formation of
sulfides.

Fleck ™ received a patent on a process for the manufacture
of sulfur dioxide and quicklime. He states *'we have now found
that quicklime and sulfur dioxide can readily be obtained from
calcium sulfate without the admixture of carbon and without the
production of calcium sulfide, by directly heating the material
with a reducing gas flame at temperatures between 1050° and
1300° C. Thus, gypsum or anhydrite may be fed into a rotary
kiln in the interior of which a reducing-gas flame is maintained
by admitting an insufficient amount of air for its complete com-
bustion.’’ His claims cover the production of quicklime and sul-
fur dioxide from calcium sulfate or mixtures of calcium sulfate
and calcium carbonate in a reducing flame at 1150° to 1250° C.

Merriam 2! proposes to produce elemental sulfur from sulfur
dioxide by using only such quantity of reducing agents as is
necessary to effect the reduction. He states that hydrogen sul-
fide may be produced by similar means. In either case the re-
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duction is on ‘gas mixtures containing sulfur dioxide and oxi-
dizing gases'’,

Zirngibl 2 discloses a process the purpose of which is to
produce alkali or alkaline-earth sulfides from the corresponding
sulfate by reduction in the presence of a catalytic agent by re-
ducing gases. The catalyst may be one of several oxides or
oxide mixtures. The mixture of sulfate and catalyst is briquetted
and subjected to reduction for upwards of two hours.

In another patent Zirngibl © reduces kieserite, a magnesium
sulfate, to magnesia and hydrogen sulfide. The reducing agent
is hydrogen which is *'kept in circulation, at least ten times the
theoretically-necessary quantity’’ at a temperature of 700° C. for
two hours in the presence of a catalyst which may be iron, cop-
per, molybdenum, or tungsten. The product is claimed to be ‘‘a
pure magnesium oxide, hydrogen sulfide, or pure sulfur in a sin-
gle stage process’’. Just how he obtains a pure magnesia after
adding a metallic oxide is not explained.

DeJahn?® developed a process for decomposing calcium
sulfate to yield calcium oxide and sulfur dioxide. The ratio of
gypsum to carbon is closely controlled, limiting the carbon per
mol of calcium sulfate to 0.55 to 0.7.

Zirngibl % also holds a patent for the production of portland
cement and sulfur dioxide from calcium sulface, using a rotary
kiln. He proposes that several reaction zones be maintained in
which different temperatures and different atmospheres may be
controlled.

Horn?® proposes a process that is designed to yield calcium
oxide substantially free from sulfur “‘without close control of the
temperature or the use of special inert atmospheres...."”” The
process involves heating *‘a finely divided mixture of calcium
sulfate and elemental sulfur or a sulfide readily decomposable by
heat.....to a temperature of about 2100° F. in the presence of an
excess of air.....”".

Advantage has been taken of the known reaction between
hydrogen sulfide and sulfur dioxide to produce elemental sulfur.
Vith hydrogen sulfide as starting material, a portion is burned to
sulfur dioxide which is then mixed with more hydrogen sulfide.
The two are reacted under proper conditions to yield elemental
sulfur.

H $+30-H 0+S0 SO_+2H S-2H 0+3S
2 2 2 2 2 2

Experimental. The problem of decomposing calcium sul-
fate into calcium oxide or other calcium compounds of satisfac-
tory purity and acceptable physical properties from a commercial
standpoint, presently or in the future, will necessarily be coupled
to the recovery of the sulfur content of the calcium sulfate be-
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cause of health, nuisance, or economic reasons. If the byproduct,
containing the sulfur, is a mixture of sulfur compounds and other
matter it must be susceptible to separation into components com-
mercially valuable or readily disposable. The problem appears
to have been solved in the manufacture of pordand cement from
calcium sulfate and argillaceous shale. The cement can be con-
trolled to the desired sulfur residual and the byproduct gases can
be processed to recover sulfur dioxide which may be converted
to sulfuric acid. However, in the matter of producing a commer-
cially acceptable quicklime or hydrated lime from calcium sulfate
there are many unsolved problems. It is obvious that without re-
covery and marketing of sulfur or sulfurproducts, lime from cal-
cium sulfate can not compete with lime produced from limestone.
The fact that there are enormous deposits of gypsum and anhy-
drite (calcium sulfate) in Oklahoma and also ample supplies and
reserves of fuel including petroleum, natural gas, and coal makes
further investigation desirable on means of producing both lime
and sulfur or sulfur derivatives from these naturally occurring
materials.

Beginning in June 1951, experiments were started with the
idea of reducing the sulfur in calcium sulfate to a gaseous form
with a lower state of oxidation through the use of natural gas or
of products derived from natural gas.

The firsc laboratory experiment was conducted using the
following equipment: A reaction, condensing, and absorption
train connected to a natural gas supply made up of a combustion-
tube electric furnace with a Sillimanite tube of 1 inch diamerter
in which Sillimanite boats of proper size could be placed, and
the tube coupled to a air-cooled condenser made of glass, fol-
lowed by a water-cooled condenser, and then to a 500 ml. ab-
sorption flask, with an outlet to a flue. Glass traps were used
with the air-cooled and water-cooled condensers to collect any
condensate.

A boat was filled with granular gypsum and the absorption
flask supplied with a solution of lead acetate made slightly acid
with acetic acid. The system was checked for air-tightness, and
natural gas passed until all air had been replaced. Then, and
only then, heat was applied in the furnace and the temperature
raised until products of decomposition made their appearance. A
temperature of approximately 900° C. was maintained for a short
time, the heat supply turned off, and natural gas flow continued
until the system was again at room temperature. Examination
disclosed that the boat and contents were heavily coated with
carbon-black, the gypsum was altered and the resulting mass
contained calcium sulfide, and that some hydrogen sulfide had
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been collected by the absorber as shown by accumulation of lead -
sulfide.

A second experimental run was made exactly as in the first
except that a bubble-flask containing warm water was introduced
into the train ahead of the Sillimanite tube. This supplied some
moisture to the natural gas. As a result less carbon was formed
and more hydrogen sulfide passed to the absorber.

Further experimental runs were made in which the water in
the bubble-flask was maintained at a boil or near the boiling
point. This introduced a large excess of moisture and the results
were considerably different. The gypsum was converted to cal-
cium oxide relatively free from sulfide and free from carbon if
sufficient time was given at the reaction temperature of 900° C.
Considerable water and a small amount of elemental sulfur was
condensed. The gaseous products were carbon dioxide, excess
natural gas, and hydrogen sulfide.

The results of the experiments indicate clearly thar the
sulfur content of calcium sulfate may be extracted by processing
the calcium sulfate with hydrocarbon gas, such as natural gas,
with water vapor under controlled temperature, time of contact,
rate of flow, proper proportions, and the right materials of con-
struction.

Further work has been done on this method under the di-
rection of the University of Oklahoma Research Institute through
their contractural powers and with private financing. The ob-
jective of this has been and any future work no doubt will be to
produce a quicklime or a calcium compound other than a sulfur
derivative that will contain no impurity not already present in the
original calcium sulfate and also to produce a recoverable sulfur
or sulfur derivative in a form, concentration, and purity thac will
enable its use industrially. Just as in the processes involving
the replacement of sulfur by silica where the economic feasibi-
lity of the method is due to the values of both solid and gaseous
products, so comparable economic factors must be weighed in
searching for other methods. On this basis the conversion of
calcium sulfate by reducing with a mixture of natural gas and
water vapor must yield a high-purity quicklime, hydrated lime, or
equally acceptable calcium compound relatively free from sulfur
compounds and free from metallic compounds such as would be
present when metallic catalysts are employed. Further the sul-
fur should be in one form only so that its recovery and conversion
to other forms may be accomplished readily and cheaply. It has
been our objective to obtain a high-concentration hydrogen sul-
fide with as little free sulfur as possible. It is our expectation
that the reaction of natural gas and water vapor on calcium sul-
fate when used in correct proportions, and with control of the rem~
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perature, rate of flow, time of contact, and with suitable mate-
rials of construction will yield the desired products at a cost

competitive with similar products from other sources and by other
methods.

SUMMARY

The existence of gypsum and anhydrite in Oklahoma in ex-
tremely large amounts and of high purity is known. Many occur-
rences are easily accessible, have adequate transportation facil-
ities, low-cost fuel in close proximity, and can have electric
power quickly where it is not already available.

Expansion in current uses of gypsum and gypsum products
in Oklahoma depends entitely on expansion of markets for these
materials. The experimental work outlined in this report sug-
gests new commercial possibilities. Further work, especially on
research and development pertaining to the engineering problems
involved, will be necessary before these processes can be ex-
pected to be used commercially. In an area so largely agricul-
tural the development of another nitrogenous fertilizer material
for use in the area seems attractive, especially since the pro-
duct overcomes one of the objections to the use of ammonium
salts, thac is, the residual acidity. The methods designed to
vield lime and sulfur gas must be proven competitive with Frasch-
mined elemental sulfur, a situation that depends upon the con-
tinued location of new sulfur-containing salt domes.

It is the purpose of this publication to call attention to
Oklahoma's reserves of gypsum and anhydrite, and to encourage
their further development and use. In order to protect the interest
of the State all rights of the inventor (author) have been assigned
to the University of Oklahoma Research Institute, which has
legal right to accept patents and to negotiate with persons or
companies desiring to develop and commercialize the processes.
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