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AP-42 Section £.14
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Table {. Compusition Requiremenis for Caleinn Ch

specification

Atribute Type L Trpe 2
GOy, min g 7.0 U140
total alkalt metal ebloride, as NaCl nas % 2.0 5.0
tatal mugnesiom, as MgCly, nux % 4.5 D
uther impurities, exehaling water, 1uax o 1.0 1.0
soreen tost data:
sieve 80, A(ATo0R) R0 (K808)
10

Gh pussing 100 S0

() brine making in refrigeration plants; (2) control of snow and ice ou highways,
streots, und sidewatks; (3) dust control on seeondary ronds, unpaved streets, and bigh-
way shoulders; {4) freezeproofing of conl and ores, hoth in shipping and stockpiling;
(5) brine for filling inflated tires to inerease traction and draw-bar pull on tractors and
carthmoving cquipment; and (6) use in eoncrete mixes to give quicker it sct,
higher early strength, and greater ultimate strength (see Cement).  (Construction
work on conerete placed during the winter may be accclerated by adding calcium chlo-
ride to the conerete.)
The increase in sales in recent years is largely attributed to the expanding highway

huilding program.
“Caleium Chlvride” treated in £07 st ed., under “Culeium Compounds,” Vet 2, pp. 739-T6L, by
G H. Winber, Caleium Chloride Associution,

9. AL Awpix

Pittsburgh Plate Glass Company

CALCIUM CYANAMIDI, CaCNy Sce Cyunamides.

CALCIUM CYANIDE, Ca{CN).  See Cyanides and eyanogen conpounds.
CALCILUM FLUORIDE, Caly.  Sec Fluorine compounds, inorganic.

CALCIUAM HYDRIDE, Cally, See Hydrides.

CALCIUM IIYDROXIDE, Cu(Oi),.  Sce Lime and limestone.

CALCIUM HYPOCHLORITE, Ca(ClO).  See Chlorine oxides and oxyucids.
CALCIUM OXIDE, Ca0.  See Lime and limestone.

CALCLUM PEROXIDE, CaO..  See Peroxides and peroxy compounds, inarganic.
CALCLUM PHOSPHATES.  Sce Tertilizers; Phosphoric acids and phogpliates.
CALCIUM SILICATES.  See Silica and inorganie silicates.

CALCLUM SULFATE. Calciwm sulfate, CaSQy, is of interest and importance he-
enuse of the interrelationship of the anhydrous salt with its two hydrates, the di-
hydrate, CaS04 2150, and the Lemihydrate, CaSOW051H:0, The princtpal com-
mereial forms wre gypgwe, the naturally oceurring diydvate; plaster of Paris, the
hemibydrate, formed by caleining gypswm; and awdyydride, CuS0y, occwrring as a min-
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eral and prepared in both insoluble and soluble forms by dehydration of gypsun.
Although caleium sullate is usually considered 1o he a simple compound, this s far
from being the case.  Fhis substance is probably the subjeet of more confused and dis-
cordant statements, misinterpretation, and persistent ek of exact information
than any other compound i the entegovy of inorganic materiats. The nultiplicity
of known and pestulated forms, besides those just mentioned, and: the range of their
nsefulness have engagred the interests and intensive study of many of the best scientists
and teehuologists for newrly two-hundved years, and yet the most recent writers ree-
ognize that uncertainties still exist.

Because of the confusion in the literature ouly 2 brief histovical yeview is given
here, and o complele bibliography is not attempted.  The references cited are the
more significant ones in covering the various phases of the subject and those that tn-
cude the more extended bibliographies.

Historical Review. Lu two important papers presented to the Royal Academy of
Seience on February 27, 1765, and March 19, 1766, Lavoisier determined the saline
nature of the minerad gypsam and deseribed the setting of plaster of Parisas due to the
interlocking of crystals of the dihydrate formed by the reaction of the caleined {dehy-
drated) salt with water.  Inthe period from 1883 to 1887, Le Chatelier published his
important researches on hvdraulic mortas, which established the existence of two
hydrates and explained the debydration of the dihyvdrate and the identity ol plaster
of Paris as the hemihyvdrate, as these facts ure understood ai present.  Van't Hoff
and so-wurkers published severat papers (1900-1903) on vapor-pressure cquilibria and
{pansition 1emperaiures, introducing digerepasncies that were pointed out by Davis
in 1907 in the first important paper on the subjoet in the Finghsh language. Duvis
published valuable data on dehydration and rehydration, vapor pressures, sulubilitics,
setting times, erystul forms, ete. G lasenapp in 1008 published the results of extensive
mierescopical researeh infended to “end the confusion in the classification of gypsum
produets,”’ a goal worthy of the very excellent paper.  In 1917 Wilder (1) published
a comprehensive survey of all the earlier work on the geology, chemistry, and tochngl-
oy of gypsum and included an exhaustive ibliography.

Tmportant publications by various Govermoent depurtments include those of
Cameron and Bell, Stone and others (2), and Newman (3).  An important discussion
of erystal forms is that by Ramsdell and Partridge (1), whe agree with Linck and Jung
(3) in coneluding that sotuble anhydrite is identicul in erystal structure with the hemi-
hvdrate, ancd that the latter Joses and gains water of hydeation without change in
eryital structure, in the manner of a zeolite,

Caleium sulfate is said by Kelley, Southard, and Anderson (6) Lo be capable of
existence in at Jeast nine dilferent forms—two forms of the dihydrate, Cas04.211,0;
{hree forms of the hemilivdrate, CaS04.0. 31RO, and Tour forms of the anhydrous salt,
(‘1[504.

it is iu regavd to the thermodynanmic and erystallographic propertics observed in
studies of the three well-established forms-—the two hydrates and the anbivdrons salb—
that most of the confusion and uncertainties exist.  However, the severnd known vall-
clies and the varving and clusive behavior of the three hasic fovins olfer sufiicient
ehallenge {0 the practical worker and the industrial technologist.  Accordingly, in
e remuinder of this discussion, cmphasis will be plaeed on the more inportant forms
of Lhis compowd, the processes involved in their produgtion, and their vses in widae
range of application in agricellure, at, science, and ndustry.
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Forms, Occurrence, and Properties

Gypsum. This naierial, property detined, is the natnreal mineral Yorim of caleinm
sulfate dihvdrate, CaS04 2110—sp g1, 2.31-2.:33; Mohs hardness, 1.5-20 1 ix
widely and abundantly distributed in nature and oceurs inoan inferesting viriely of
forms, conditions, associntions, and colors,  In pure form, gypsum is snow=wiile. !

i stratified Tavers, doubtless of marine origit,  Eitlier beeause of varying eon-
ditions af the time of precipitation or through recrystallization, the mineral oceurs in
various conditions from hard, solid rock to fragmentary anel wranular forms, i sane
deposits e rock oceurs ineasily frinble masses of coursely ervstalline beds, which are
appropriately eallod Hangar vock.”” Many deposits vield the massive mineral through
{ie body of which oceur erystals of selenite (see below), these deposits heing deseribed
as schenitic gypsutn, Most deposits of gypsum ovcur ¢lozely associated with either
vesting a question ol the

n into the other after dep-

strata or random ocenrrences of the miueral anhydrite, sug
geolugical origin and the possible trawsfurmation of one fon
osition.

Cypsum s widely distributed over the carth and is commercially available in
quantity 1 maost ISt etions.T “\Tore than one-third of the stafes in the U.S.

Thave abundant vesourees, as reported in the 3/ fnerals Yearboak (7).

Cypsum dissolves in water to the maximum solubility of approximately 2.1 g/liter
at aboub 40°C and has the Jower solubility of approximatefy L8 at 0°C aud 1.9 in the
vange of 70-90°C.  'The concentration varies ereatically with traces of electrolytes and
variations in pH and, preferably, should be determined experimentally for all systenis
other thaun pure water solutions.

Alabaster. "This is a massive, densely erystalline, softly textured form of prac-
tically pure gypsum. Tt is usually tramslucent and frequently tinted with beautifully
variegated eolors due, probably, i some cases, to optical effects in the erystalline mass

and, in other eases, to traces of forcign materinls. Several denosits in Colorado supply
practicaily all of the alabaster used in the U8, These deposits furnizh the mineral in
white and a variely of attractive color tints and hlends.  The minerad iz taken from
the mites with gare in moderate to large lumps.

Alabaster, being relatively soft yel dense and fine-textured, is casily worked by the
carving knife and the saw, and may be readily shuped by abrasive papers and polished
1o a fine smooth finish.  Much of the shaping and finishing of alabuaster is done while
the stone is kept wet.  Alabaster has been known and used for many centuries for the
carving of eruses, urng, and other small vesscls, and for the making of Images, statw-
ary, and other art objects,  Aany ancient gtructures have been embellished by eol-
utnns, porticoes, aud other decorative finishes of alabaster.

Selenite. 1t is o pure form of gypsum evystallized in the monoelinie system in the
form of shoets or plates that show a perfest and casy cleasuge parzllel to the plane of
crvstallization.  Sheets or slubs of selenite oceur i sizes up to geveral feet inowidtdeand
length, and these sheets, with characieristic oblique corners, break dowse in parattelo-
srins of simitar proportions. Selenite erystals up to several inehws in thickiess arc
completely transparent.  Thin sheets of sefenite polarize ight and are nsed in labo-
rafory equipment for this purpose.  Sclenite does not have the clastie veturn of mica
and, when once distorted, remaing so.

- Satin Spar.  This is wwther form of pure crvstulline gypsum el s known as
rypstun var, satin spar {not to be confused with ealeite var. satin spar, CaCOq). The
erystals are monoehinic and i the form of parallel threads. A mass of satin spat,
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therefore, resembles somewhnt the commeoen fornis of asbestos and, in many cases, the
threads ean be picked or raveled out of the mags.  In the more densely formed growths,
satin spar is translucent and lends fiself readily to fabrication and polishing into
trinkets and smail art objects.  Satin spar is formed in seams, sutares, and [aulis in
or pear gypsin deposits by the precipitation firom, or the evaporation of, ground waler
carrying the mineral in selution. 1t is, accordingly, sometimes cualled sceondary
gypstm.  IFormtions of satin spar ure frequenthy observed in abandoned mines and
in the joints of masonry through which gypsiferous wuter reaches the open air.

Anhydrite. The natural mineral form of anhydrous ealeiwin sulfate is known as
anhydrite; 16 has a sp gr of approximately 2.8-2.0, and o Mohs hardness of 3-3.5.
It is usnally densely massive and frequently shows light tints of color as blue, pink,
ele,  Anhydrite has the same solubility in waler as gypsum but does not react rapidly
to form hydrates. It is, accordingly, less valuable as a raw malterial when this prop-
orty is desived, It can be used as o sulfaie source for ammonium sulfate (see Vol. 2,
pp. 320-330).

Gypsite.  This iz an earthy deposit ad or near the surfuce of the ground and con-
sists of finely crystalline gypsum nixed with loams, clays, sands, and humus; it
ranges from 60 to wore than Y055 gypsum.  These deposits arve formed by the move-
ment of ground water carryving gvpsum in solution and the deposit of the mineral by
gvaporation at the surface, or as windblown “loess” from disintegrating rock deposits,
Surface beds or quarries of gypsite, chiefly in the southwestern states, have been
worked in the production of pluster, structural tiles, ete, in the building industry but,
in general, are al present of Hbtle commercial importance,

Gypsum Sands. Tinormous deposits of practically pure gyvpswin in the form of
fine, white sands oscur at various points in Arizona, New Mexico, and Texas.  These
sands, covering many thousands of acres in some deposiis, appear as drifts and dunes
and are doubtless the result of evaporation of gypsum-bearing water rising to the sur-
face of the carth through seepage springs or by uniform movement over wide areas of
Iand.  This is a natural result of the normal arid condition of the atmesphere in these
reglons,  Practically without exception these deposits are contaminated with sodium
sulfate to such an extent that they are valucless for struetural or hydraulic purposes.

CHEMICAL CHTARACTERISTICS

Calcium sullade 1 any known form dissolves in water more or less readily.  The
atcium and sulfate iong behave as would he expeéted with respeet to the lons of
other compounds. DBeyond the normal behavior of these ions, calecium sulfate is
relatively iners toward other materials. It is practically ingoluble in most organie
liguids and solvents and does not cauge or stimulate organic reactions.  lowever, the
active anhydrous form extracts water instantaneously from organic compounds or
systems and may in this way affect reactions that are influerced by the removal of
water.

When caleinm sullate is heated at temperatures in the range of 900-1200°C,
decomposition takes place with the formation of calcium oxide (lime), Ca0, and the
loss of sulfur trioxide, SOy (6).

Commercial Forms

I'ractically all the commercial forms of euleinm sulfaie are obiained from the
carth in the form o gypsum.

e S . — s et o o b i
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In the chomical industries covtain proeesses vield ealeiun sullate as a by-produet
or waste, a3 in the treaiment of the caleium phosphates with stlfurie acid (sce Phos-
phoric acids).  This hy-preduct, sometimes calied “by-produst gypsum,” is normally
in the form of @ sludge or suspension of the dihydrate; there have been only minor
operations in the utilization of this material. The free aeld must he neutralized, and
the soluble efllorescent salts musty be removed before use.

In the ceranic industries large amounts of plaster of Paris molds are used for
forming the ware.  When worn, broken, or otherwise ohsolete, these molds are dis-
carded as an industrial waste,  ITowever, the composition is practically pure dihydrate
and, in eortain localities in Ohio, Penmsgylvania. and West Virginia, these molds have
been used in considerable tonnage as an ingredient in the manulacture of portland
cement.

GYPRUM

The mineral oceurs nornaally i horizoutal steata or veins varving from o fow
inches to many feet in thickness,  Open-pit or strip mining is cmployed for deposits
near the surface; both slope and shaft mines are common for deeper deposits. The
Amportance of the mineral gypsum as a souree of almost ail commercial forms of eal-
cium sulfate 1s shown by the fact that i 1962 there were approximately 68 gypsum
plants in the U.8., distributed through 22 states and operating 16 underground mines,
54 open quarries, and a number of mine—quarry combinations.  The industry estab-
lished o record of production i the year 1850 due to large demands from the building
industey.  The industry produeed and imported 153,390,000 short tons of gypsum
in 1062 (7). Mining in the US. amounted to 9,969,000 tons as compared with the
vecord set in 1959 of 10,900,000 tons,  The principal producing states are Avizons,
California, Colorado, Towa, Michigan, Nevada, New Mexico, New York, Ohio, Okla-
homa, Texas, and Virgimia,  Importation, almoest entirely from Canada, in 1962
amounted to 3,421,000 tons.  Crude gypsum mined in 1962 was valued at $3.65/ton
at the mine as eompared with $1.83 in 1945, Of the total 9,969,000 tons mined in the
U.8., about 85%, was processed by the producing companies; thus it did not enter the
open market,  Table 1 shows production and values of erude gypswin and the major

Table 1. Gypsum Statlsties, U8,

Muduction—values 1940 1961 62
aclive establishments? 06 a8 102
crude

mined, ton 1,825 4,300 tu, 069

valae, S 35, 600) LG 36,310

imports for consumption, ton a,a301 4,967 5,421
raleined

praduced, ton 3,501 8,240 8,814

value, 8 120,984 118,145 127,430
produets gold, $ 361,100 358,811 392,300
gypsum and gypsam products:

fimpofts for consumption, % 10,426 10,306 11,912

exporls, $ 1,203 1,299 1,302

< Al figures in thousands; short tons or dollars.
" Each mine, enleining plant, or eambination niine and plant is counted as one establishment.
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Table 2. Worid Production of Gypsum®

Continertl, 1960 1961 HG2
North America 16,445 b, 135 16,754
Soutly America 442 542 584
Furope 24,15 26,135 26,720
Asin 3,446 3,843 "t4,201
Africa 933 a82 034
Australia and

New Caledonin Gal 681 653
Patal world production, estd 46,560 48,320 44,905

——

a Produclion figures in thousands of short tons.

products produced from this mivernd (7); the world production figures arc given i
Table 2(7).

Uses. Gypsum, as sheh, has only a few major uses but these wee important. In
the manufneture of portland cement gypsum is & neeessiry ingredient and s used o
lengthen the time of setting of various cements and mortars to allow for depositing
and placing in forms. The “paw’? gypsum is moved to the cement plants, usually in
open cars, in the form of rock crushed to about 1.5 in. and finer,  Automatic muchines
charge the crushed gypstm into the flow of cooled efinker in the amount of 3-59, as
the mixture goes to the grinding mills (see Cement).

Tn some Toreign countries {as Germany), gy psuu hus been uzed as a souree of lime,

Cat), in the manulacture of portland cement.  This involves the complete decomposi--

tion of the gvypsum at the temperature of the cement kiln and then veeovery of sulfur
trioxide, 8Oy, as a by-product.

An important large-scale use of gypsum is in the treatment of soils, particularky
those used for lezumineus crops and in the culture of peanuts.  For this use the gyp-
sum (or oceasionally anhydrite) is finely ground and is known as “land plaster.”
Benjanin Franklin is eredited with the introduction into the U.8. of this application
as the result of his obsurvations 1n France. Finely ground gypst, when nuxed with
manures, acts to stabilize the volatile and dissolved nifrogenous compounds, thus
preventing their loss by volatilization and leaching. A major use inn arid climaies s
neutralization of “black alkali” soil by reaction with the alkali carbonates that cause
this condition.

As a stable, nonfoxie, tasteless, odorless, nonhabrasive, practically chemically
inert powder, known as terra alba, gypsum iz used in paints, phavimaceuticals, paper
filling, inzecticide dusts, veast munulacture, water treatment, and many ather in-
dustries.  In brewing, it may be added to the water to tower the pitof the mash.

Some Recent Degelopments T the Use of Gippsin, Low-grade nickel ove is sub-
jeeted Lo sulfide smelting by Hhe addition of coal and gypamn in o continnous rever-
heratory furnace opeeated o 00°C, The ore i@ evashed to 1O stz (8).

Claleium sulfate and coke are heated in an electric furnace o give eadelum earbide,
carbon dioxide, earbon monoxide, mnd sulfur. "The proportion of anhydrite to coke is
L4 0.6 (9).

- gulfuric acid is prepared by heating gypsum at 1200°C {0 produce sulfur trioxide.
The required temperatire can be Towered Lo 1000°C by the addition of quurtz and the
velogity inereased by the addition of sodium chtoride and moist aie. A yield of 99%
S0) is reported (10).

R
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Ammoium sulfate is produced [rom ealetum sulfuie by reacting it with ammouia,
carbon dioxide, and water.  Caleium earbonate is produced as a by-product {11).

Gypsum is added to opal or transparent soda-lime or soda—potash-lime glasses
as a eoloring ngent. "U'he combined sulfur is reduced by elemental silicon or aluminum
to produee colors varying from ivory to amber (12),

Porous polytetrafluoroethylene (Teflon) is made by mixing an aqueous dispersion
of the polymer with plaster of Pavis, pouring the mixture into o mold, and heating it
until the polymer fuses.  The plaster of Paris is then dissolved out, leaving u porous
molded produet (13).

PLASTER OF PARIS

In Amcrican industrial practice the deliydration of gypsum is earried out by two
proecesses: (1) The powdered mineral is heated in kettles; or (2) gypsum, erushed to
walnut—pea size, is heated in rotary kilns,

Kettles. These are vertical eyvlinders having heavy stecl bottoms that are convex
upward with, usually, four horizontal flues to allow the combustion gases to pass
through the body of the charge; the kettles are fired with either coal, fuel oil, or gas,
A vertienl shaft carries strong agitating arms; those «v the bottom drag heavy chains
that sweep the heated bottom of the kettle.  The capacity of the kettles varies from
10to 25 tons.

The powdered gypsum is fed to the kettle by a serew conveyor; delydration be-
ging as soon as the material strikes the hot bottom of the kettle.  The complete kettle
charge is added within ten to fifteen wminutes, and the mass is gradually heated, while
being agitated, to the vange 120-130°C.  Ileating is continued, and the temperature
remains constant; the charge “boils” vigorously until approximately 1.5 moles of
water are expelled.  The heat consumed during this period 1s used to bring about the
dehydration of the gypswn to the form of the hemihydrate. As this phase nears
completion the charge in the ketile, which has been literally floating on an atmosphere
of steam, settles, the turbulent boiling ceases, and the {emperature rises rapidiy. In
practice, the charge is “dumped” at a temperature of about 160°C, and the product,
known as calcined gypsum or plaster of Paris, 1s passed through a cooling pit and con-
veyed to storage bins by elevators and conveyors in which a necessary cooling takes
place.  Inthe trade this product is frequently called “first-settle” stuceo.

1L, instead of dumping the charge after the first-settle, heating is continued, the
temperature rises hicher to about 190°C, at which temperalore a second boiling begins
and continues at constant temperature until the last 0.5 mole of water is expelled.
During this shorter boiling period the charge 1s again hfted in the kettle by the escap-
ing stenm nndd, at the end ol the phase, shows a second sinking in the kettle,  Tenting
3 continued and the temperature rises rapidly to aboub 220°C, ab which point the
charge, known as “second-settle’” stucco, is dumped and handled as in the ease of
plaster of Paris.

By 1961 there were fully automatic gypsum caleining kettles in operation con-
trolled entirely by electronic computers {(14),

Owinigt to locad overhealing in the kettle, a portion of the charge undergoes com-
plete dehydmation so that caleined gypsum always containg more or less soluble an-
hydrite, whereas the so-called seeond-scttle stuceo (which is no longer produced
in any considerable tonnage) consists primanily of soluble anhydvite. 'The seluble
anhydrite present in ealeined gypsum gradually absorbs meisture from the air to form
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{he stable hemihvdrate.  As mentioned, little sccond-settle stuceo is now produced
as the absorption of moisture, which took place in the many commercinl products
during storage, caused undesirable lengthening in the time of setting and thus caused
considerable annoyance and loss in the industry.  Castings and structural preducts
formed from freshly prepared seccond-settle or soluble anhydrite showed greater den-
sity and structural strength but, alter ageing and the accompanying absorplion of water,
it, hecame practically identieal in composition and behavior (6 the hemihydrate and
thus Jed to misunderstandings while ofiering no advantages over the latter product.
This condition led to the practical abandonment of production of the sccond-scttle
product during the period 1020-1950.

Rotary Kilns., These are similar Lo those used in the production of portland
coment.  In these kilns the control of temperature is more difficult than in kettles,
aned the product contains variable proportions of soluble anhydnte.  An important
part of this process is the cooling of the product by exposure to atmospheric air; this
serves both to lower the temperature of the material and to allow the saluble anhy-drite
10 ahsorh water, bringing the produet to the condition of the stable hemihydrate.

Some ealeined gypsum products are “aridized” (ehemically preaged) by a treat-
ment designed to yield @ uniform-setting product of high structural value for the build-
ing industry. Chemical preageing s done by adding a small amount (0.01-0.05%)
of a deliqueseent salt, such as caleivm chloride, during or after calcination.

The phase changes taking place in the dehivdration of gypsum in the keftle proc-
ess are shown in Figures 1 and 2, Figure 1 shows the data obtained by Le Chatelier
on the laboratory scale,  Figure 2 shows a portion of an actual kettle thermometer
chart, which records the temperature changes during the production of two ketile
charges, A and 13, producing sccond-settle or soluble aunhyedrite, and two charges,
Coand D, of ordinary eateined gypsum or plaster of Parvis.

During 1962 the value of caleined gypsum at the mill averaged $L4.43/short ton,
an increase of 88,44 over the value i 1945.

Uses. The innumerable uses of plasier of Paris all depend upon the selting and
hardening of the mass when caleium sulfate hemibydrate 18 mixed and agitated with
sufficient water 1o form a plastic mix of suilable consistency. The mix is poured,
presaed, or troweled into molds or other forming deviecs to give the shapes and forms
desired, )

An enormous tonnage of plaster of the highest quality is vsed in the ceramic in-
dustry for the forming of dishes, sanitary ware, terra cotta, ete.  In one application
the plaster molds, of the split type, are formed around original patierns; the ceramic
mixtuwre in the form of a thin “slip” is poured into the hollow mold into the space
formed by the pattern. The plaster mold then acts as o bloiter to suck the excess
waler from the ceramic mix.  When the mold is oponed {hie eceramie body may he
removed and handled under its own strength.  Various other types of molds or dies
are uscd, the mold serving to give shape, surface detail, and dimension to ihe finished
ceramic article.

In the field ol architeetural decoration, “molding plaster” is used in the forma-
Hion of decorative friczes, cornices, columms, and other decorative features in interior
finishies.  Quantities of molding plaster are also used in certain smaller articles as
furniture, clock frames, and the like.

In the deatal trade, plasters are used in the making of impressions for dentures,
inlayvs, and for the casting of metal fillings, bridges, cte.  This work requires high
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Fig. 1, Time-temperature relation for dehydration of gypsum on a laboratory seale.

precision, and the dental plaster specialtios ave prepaved so us to give this trade the high-
est possible degroe of acenracy in dimensions, expansion on sctiing, setting tines,
etc. The two major forms in this field are known as “stone,” for models and forming
dies, and “investments,” for easting precious metal dentures (sce Dental muterinls).
“Investment”’ plasters are admixtures of ealcined gypsum and refractories, made to
resist baking temperatures up to 13001 Another type, orthopedic plaster, is used
in the medieal and surgical ficlds for the setting of broken boues and holding parts of
the body in place for periods of time.

Art molding iucludes the making of n great variety of art objects and novelties
formed by the casting of gold, silver, and other nonferrous metals in plaster of Paris

Fig. 2. Recording-thermometer chart on gypsum calcining kettle. A and B, production of
second-setile stucco or comnarcind soluble anhydrite; C and I“J,Ip:'odur:tion of first-scttle stueea

or comunercial plaster of Paris.
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investiment mokds. Txtremely staall objeets, sueh aga model of a small beetle, may be
peproduced with fidelity to the finest striations by the “lost wiy” methods using plaster
of Paris inveatment molds.

As an outgrowth from and development of dental and art molding, a very con-
siderable industry consists in the forming of nonferrous metal objects and mechanical
parts by use of plaster of Paris investment molds.  AMany amall objeets of aluminum
and ather low-melting metads and alloys ave cast in this way.

The largest single use of plaster of Parizis in the making of various wall plasters,
wallboard, Jath, steuctural tile, and bloek for the buikling industry. Wall plasters
consist of varions mixtures o sand, wood fiber, animal hair, and retarder for coutrolling
the set. Sand and, in general, any foreign material greathy aceclerates the selting of
plaster of Paris, so that o retarder consisting of a gluelike eolioidal material is used o
Jdelay the sefting to allow time for application.

Parlition tile, floor tile, and roof tile consist chicfly of plaster and a suitable
fihrous material, as shredded exeelsior, that serves as a hinder. These blocksand tiles
re non-load-bearing structural umts and are vatuable beeause of their light weight and
it high fireproofing property. Gypsum wallboards arc made by forming & mixture
of plaster with wood dust, foamed plastic, or other light. filler hetween two sheets of
stretural paper. While wet the board is ironed to uniform thickness, allowed to set
as it moves on a long conveyor, and then cut to desived lengths, and dried. Gypsum
wallhoard has gained wide application in residential and other smaller constructions.
A form of gypsum wallboard is cut o suitable dimensions and used as lath where wall
plasters are applied. The “dry wall” or taped-joint system uses & similar gypsum
wallboard with an improved surface. Ju this construction the wallboards are nailed
to studs, and the joints are taped. The taped joints and nail heads are surfaced with
a topping or bedding compound that produces a simooth wall ready to paint, theveby
climinating the plaster coat entirely.

OTAER FORME OF TiTL HEMIHYDRATE

Tarly investigators established that the dihydrate is converted into the hemihy-
drate in contaet with water and certamn aqueous solutions at various temperatures and
vipor pressures.  Thus, gypsum heated in water and under pressure at ihie tempera-
tre of 107°C was found to be converted into well-formed ervstals of the hemihydrate.
‘Yhe same transformation takes place at temperatures ahove T7°C in a saturated solu-
tion of common salt; at 40-30°C in nitrie acid of specific gravity of 1.4; and in other
strong salt solutions at various temperatures and pressures. These transformations
vequire 12-24 hr for completion. "This has led to an industrial application of this prin-
viple for the production of a form of the hemihvdrate known as “glpha gypsum”
as deseribed by Offuts and Lambe (19). In thiz process, lumps and fragments of gyp-
st rock of 1=2 i, in size are heated inanautoclave in an atmosphere of steam at about
120°C (16). The gypsum i delydrated and converted uniformly to the form of
rather large, dense, and nonporous crvstals of the hemihydrate. These solid or non-
porous ervatals, when ground 1o powder and mixed with water to form a paste or nlaster
of wormal consistency, pass through the stages of supersaturation and reerystallization
{6 form the interlocking evystal mass that is characteristic of the setting of plaster of
Iaris 1o the form of dilivdeate. "The nonporous particles of $his alpha gypsum do not
vequire water to fill a porous strueture as in ihe case of the usual pavticles of plaster
of Parig and thus o normal consistency 1s oblained by the addition of considerably
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smaller proportions of water.  Thus in the produetion of castings and other struetural
farms, a finished casting s obtained of greater density and, thercfore, of greater strue-
tural strength and durability,  Castings made from this form of the hemihadrate
are of {ine texture and excellent linish.  Preparations of this product, under the trade
name of Mydrocal, are characterized by the strong and dense property of the structural
forms. This preduct is widely nsed in the fields of casting where strength, hardness,
exactness of dinensions, ete, arerequired. Py erushing strengths up to 12,000 psi are
readily obtained on the sef material. The many possible modifications of this product
hiave brought its application to fields where ordinary plasters were formerly uszcd, and
it has replaced wood and other types of pattern and dic raw materials hecause of its
extreme strength and ready utility.

INSOLUBLE ANHMYDRITE

This form is also known as dead-burned gypsum. Pure gypsum, when fully de-
hydrated at temperatures above 1200°F, has the same erystal structure as the mineral
anhydrite.  When finely milled, it forms the base of the so-called Keene’s cement.
It is also one of the brightest low-cost paper fillers available, and is widely used in this
ficld. . Also, like finely ground raw gvpsum, or terra alba, it las widespread use
wherever low-cost, nonabrasive, inert, white, nontoxie filling or loading propertics
are indicated.

SOLUNBLE ANIHYDRITE

When any of the forms of the dilydreate, CaS0, 2HLO, are heated, the water of
erystallization is released in two stages to form first the hemihydrate, Ca80,.0.5H.0,
and finally the anhydrous salt, Ca80,;. Contrary to many statements in the older
literature, 1t was shown by Hammond and Withrow (17) that even Iarge granules or
lumps of the mineral retain their original form aned shape and much of their physieal
strength after ecomplete dehydration,  'This appears to mean that the eryvstal lattice
itsel{ is maintained, and that the water of crvstallization may be driven off and re-
ecombined in whole, 1 part, in portions, or stnces at a time without affecting the
erystalline structure.  The work of these writers also shows that any of the forms of
gypsum deseribed above, when completely dehydrated at temperatures below, say,
300°C, not enly retain their original forms and shapes, but also show the extremely
low vapor pressure of 0.005 mm and a corresponding high avidity for the absorption of
water, The anhydrous form, obtained from whatever source. corresponds to what
van’t Tloff appropriately called “soluble anhydrite.”  The affinity for water makes this
form of the anhydrous salt, whether granular or powdered, serve as an etlicient drying
agent, indicating the ability to absorh moisture rapidly and progressively from the
surrounding atwesphere,  When plaeed in a humid atmosphere the anhydrous salt
rapidly absorbs water vapor to the amount of §, 10, 12, or even 11%, of its weight, de-
pending on the temperature and refative humidity. However, a sample that has been
allowed to absorb, say, 109 by weight of water vapor, when placed in a elosed vessel
containing an excess of the anhyvdrous form, quickly lozes water vapor down to the
prreentage of approximately 6.6%%, which corresponds to the formation of the hemi-
hydrate and, therealter, remains stable indefinitely,  When a sample of this active
or soluble anhydrite, cither granular or powdered, is exposed to ordinary air of any
absolute humidity, it rapidly absorbs water vapar. I the sample i removed from the
humid atmoesphere ab any stage hefore absorbing 6.67; by weight and placed in a con-
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{ainer or desiceator with an excess of the anhydrous formn, the water content of the
sample will vemain constant indefinitely,  That s, the active or soluble anhydrite
will absorh water vapor to any pereentage value up to 6.6%, by weight to form stable
moleenles of the hemihvdrate to the fimit of the asnount of water available. This
means nierely that the erystal lattice is open for the absorpiion of water as 1t becomes
availabie and that the hemihydrate and the anhydrous form may Ecmain gtable in the
presence of each other. )

Welley, Southard, and Anderson state (6), ““Thus there is both x-ray and analytical
evidence that the hemihydrate erystal lattice will nceommodate greater ot smaller
amounts of waler than required by the formula without serious alteration. This form
will he called atpha-—Ca80,.0.5MH,0, in the subsequent discussion.””  This appears
{0 mean only that the crystal structure of the hemiliydrate and the active anhydrite
are identica) and that in a given sample some of the moleenles of the anhydrous form
my abserb water vapor to form molccules of the hemihydrate,  If the available water
yapor is limited the remaining molecules of the anhydrite will remain as such and
continue to show the strong tendency to absorh water i, or as it becomes available.
Powoll and ethers have done additional work on this subject (18). There appears,
therefore, to be no conclusive ground for the postulation of an alpha-hemihydrate,
ar of 2 betu-hemihydrate that happens to hold exactly the theoretical pereentage of
waler in a sample.  The complete dehydration of the dihydrate yields a hody con-
tnining approximately 38%; pore space by volume; thercfore, starting with a sample
of {he active anhydrite in granular or powdered form, the amount of water vapox ab-
corled above the percentage of 6.6% vepresents merely physieally adsorbed or hygro-
scapic moisture taken into the body of the porous granule or particle.

‘Thus, there are elearly recognized, therefore, only the hemihydrate and an active
and readily goluble form of the anhydrons salt obtained at low temperatures. On fur-
ther healing at higher temperature and for vavious lengths of time, the active an-
hvdrite is gradually fransformed into an inactive and mueh less readily suhuble form
aned this innctive artificial form of the anhydrite corresponds in erystal structure and
Behavior to the mineral anhydrite.  Neither the length of tine nor the temperature
reguired for the complete conversion can be stated. Yeb, notwithstanding tie work ol
Clasenapp on this poins, numerous efforts and proposals have been made 1o assign a
definite transition temperature.  Also, various proposals have been made of a-, 8-, ¥,
ete, anhvdrites, but it is highly probable that all of thescare merely stages representing
partial transformation or mixtures.

Uses. Soluble anbydrite is used as a desiceant of high cfficiency and unmsual
versatility (19-21) (see Dryving agents).  Under the trade name of Drierite it is
widely used in the laboratory and industry in the drying of solids, organic licquids, and
wises,  When gypsum, in cither powdered or granular form, is heated uniformly in an
sren-type heater at lemperatures up to about 200°C, complete dehydration takes
place.  The granular solid retains its form and shape and mueh of its physical strength.
"Ihe reaction involved in the absorption of water vapor as a drying ageut is us follows,

CaS0, + 14 MO = CaS0,. 34 11,0 -+ 2700 cal
and represents the absorption of G.65% by weight of the ankydrens sal.  Since the
renction is reversible indefinitely, the drving agent may be used and regenerated
through nany eyeles of operation.  The drying efficiency, determined by the vapor
pressure of ihe systons CaS0-CaS0,.0.511,0, is approximately 0.005 mm ab 25—
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30.5°C and eorresponds 1o o residual molsture content ol 0.605 mg of water vapor/liter
or 0.31 1b of water/1,000,000 1t? or a dew poiut of approximately —80°C. Since
caleinm sulfate is practically ingoluble i, and inert toward, all ordinary organic Liqoids
and solveuts, the drying agent serves for the complete and rapid diying in cither the
liguid or vapor phase of organic liquids and compounds.

Drierite is manufactured in the form of fine and e¢oarse powders and in granular
sizes of d=mesh, Ge-mesh, S-mesh, 10-20 mesh, and 20-10 mesh to meet particular needs
and specifications.  Several hundred tons are used per year.  As a Iaboratory desic-
cant this form of caleinm sulfate is usged in desiceators, drying tubes, and columns for
the drying of air, all the common gases, and all the organie oquids and sulvents.

The refrigerants used in houschold and commereial vefrigeration, such as methyl
chloride, sultur dioxide, the Freon compounds, ete, must be extremely dry to prevent
ice formuation ab the expansion valve; Dricvite is widely used in this industry both in
the construction of new units and in the sorvicing or repairing of old units.  Many
millions of refrigeration units have been treated in this way.

In the splicing of telephone cables, which requires an extremely dry condition,
Drierite was the oviginal solid desiccant used and venains the most efficient desie-
cant kuown for this purpose. It has been used in millions of units by the telephone
companies of the U.3., Canada, South American countries, ltaly, and other forcign
countries. The U.5. Signal Corps has used it in cable splices since the oviginal appii-
cation, about 19:35.

An important application of soluble anhydrite as a desiceant i3 in the protection
of delicate optical and electrical instruments.  Thus the modern electron microscope,
the most delieate and accurate potentiometers, and seorves of other delicate instru-
ments, such as periscopes, gun sighis, radio proximity fuscs, radar, measuring instru-
nents, and the like are protected from moisture by soluble anhydrite.

Preparations of serums and other hiological produets for use in medicine are dried
by evaporation of water under o vacuum in the presence of & drying agent.  Drierite
has heen widely used for this purpose since about 1935 and this process makes possibice
the presevvation and storage of the most sensitive serums and similar pharmaceutical
produets.

Granular soluble anhydrite 1s uged i1 hreathers on tanks to protect oils and other
Liquids, which are damaged by contact with moist aie. Plaeed in o suitable holder
within fire extinguishers containing carbon tetrachloride, it keeps the liguid dry and
thus prevents corroston.  The large-scale drying of air and industrial gases, as an
inportant phase of manufacturing and processing in many industries, can be effected
by large, two-tower, regenerative drying units using soluble arhydrite.

By the use of cobalt chloride as a color-changing ingredient, a product known as
Indieating Drierite has gained wide aceeptance for use in transparent drytng tubes and
columns. On absorption of moisture the columa of desiceant ehanges m color [rom
blue to a rosc red, giving a clear visual indication of the progress of the drying ac-
tion along the eolumn and the ultimate exbaustion of the unit.

By impregnating granutar soluble anhydrite with a small pereentage of caleium
chloride and then completely dehydrating the product, the water-absorhing capacity
is materially mercased.  The caleium chlovide, by its tendency to develop an aque-
ous solution, supplies liquid water to the eadeium sulfate and thus promotes the hy-
dration from the stage ol the enuhydrate to the dihydrate.  This form of the drying
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agent used In towers or colunins for the drving of all the gases except ammonia has a
capacity of 20-25%, by wt per regencrative eyvele.

Al of the forms of this drving agent mayv be regenerated by heating wniformly
in the range 375-425°F or to conplete dehydration. By regeneration, a given charge
may be used many hundreds of times or uniil fouled or contaminated by foreign
materials, -

In addition to its high drving eflicieney soluble anhyvdrite is neutral, stable, con-
stant in volume, inert (except toward water), insoluble in organic ligquids, nondis-
integrating, nenwetting. nonpeizonous, noncorrosive, repeatedly regencrative, and
low in cost.  Beeause of these favorable physical and chemical properties, this agent
may be used for a wider range of drying application than any other drying ugent
known.
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