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I • X U l г U U U U t i
Gypsum plaster and gypsum plaster products belong tt) 

those building materials which attract an ever growing 
attention and the utilization of which in the building in
dustry ia steadily growing*

Gypsum plaster exhibits from the point of view of pré
fabrication a number of highly advantageous properties - it 
sets rapidly, has a good workability, facilitates the attain
ment of smooth surfaces, accurate dimensions, can be made 
lightweight, etc. The rapid setting of the gypsum plaster ma
kes possible, in comparison with cement, a better utilization 
of the moulds, since already 10 to 20 minutes after mixing 
the gypsum plaster with water, the products can be removed 
from the mould and dried. The finished products exhibit fa
vourable sound insulating properties, they can be employed 
in the field of fire prevention. Additionally, prefabricated 
gypsum plaster elements are characterized by microclimate 
regulation capabilities; during the period of a higher rela
tive humidity in the atmosphere they absorb moisture, in ca
se cf a decrease in humidity they, on the other hand, relea
se moisture.

Witn Tigard to the properties of gypsum plaeter - 
non-flammability, soundness, low density, low tharmal con
ductivity - it can be appraised 03 a building material that 
is close to the ideal material for the construction of di
verse unloaded building elements for interior purposes.

The application of gypsum can look back on a very lorg 
history. In the antiquity were manufactured gypsum mortars 
(Egypt, Assyria, Phoenicia, Palestine). Herodotos (approx.
430 B.C.) states that in Ethiopia the bodies cf the deceased 
have been encapsulated i »laster. The knowledge of
gypsum plaster has come :e to Home.

Already in the fourth century B.C. Theoprastos descri
bed the gypsum rock mineral and also in some detail the mo
re significant properties of gypsum plaster. At the aame 
time Litoatratoa described gypaum plaster masks. Around the 
year iOO A.D. Vitruvius and Pliniua described stuccowork.
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pronounced utilization of gypsum plaster around the year 
1000 A-D.(Anstett) and in the middle of the 11th century 
we can observe in Germany the manufacture of gypsum plaster 
floors. But the actual development of the production and 
utilization of gypsum plaster dates back to the beginning 
of the 19th century (Gay-Lussac, Payen, etc.) and gradually 
are then also appearing theoretical papers dealing with tne 
clarification of processes that are involved both in the 
production and setting of gypsum plaster (Uichaelis, Schott, 
Le Chatelier, van't Hoff, Le Ghaasevent, and others).

The gypsum plaster industry recorded an especially sig 
nificant development in tne period after the Second World 
War, mainly through the introduction of the manufacture of 
gypsum plaster products for the building industry which, 
as the main user of the products, plays the most signifi
cant role.

Also the physical and chemical research work recorded 
during this period extraordinary successes thanks to modern 
instruments which m&ks possible the determination of the 
inner structure of the material.
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Gyp.sn-i ?ock - CaSO^^I^O - io the natural fora of cal
cium sulphate. The generally in nature concurrently appearing 
anhydrite is its waterlooos fora (CaSÔ ,). Both materials 
are genetically very close to one another and are often also 
similar in outer appearance. In a simple manner they can, 
as a rule, be differentiated according to their different 
hardness, gypsum rock can be scratched with the nail, but 
anhydrite can not. Anhydrite is generally finely crystalline, 
gypsum rock finely to coarsely crystalline. In the core 
fine-grained basic maaa of the gypsum reck occur sometimes 
large scattered gypsum rock phenocrysts, mostly of a secon
dary origin. As long as gypsum rock crystalizes in argilla
ceous sediments, more rarely also in sandy sediments, there 
can occur also considerably largo gypoum rock crystals end 
their phenocrysts. With regard to the closeness of the che
mical composition of gypsum rock and anhydrite, also the 
conditions of their formation arc vary clooe. If thcyxfamrm 
cnnAnmn waters,from which the deposifo of the two minerals 
as evaporite rocks ire formed, do not contain sodium chio- 
rido, crystalizes at a temperature above 42 °C.,
below this temperature gypsum rock is precipitated. In com
plex solutions, which includo sea water, enhydrito cry tota
lizes already at temperatures above 34 °C, and from the moot 
concentrated salt brines anhydrite io liberated rogardlcso 
cf temperature. If from sea water crystallizes already ha
lite (NaCl), then only anhydrite can ba formed. Tho border 
between the regions of anhydrito and gypsum rock separation 
is thus temperature and concentration dependent.

In accordance with tho appearance of gypsum rock or an
hydrite it is not, however, possible to assess in a simple 
manner the phyoico-chemical conditions of sedimentation, 
since the two minerals are under certain conditions unstable 
and are converted into ne another. The primary sediment ia 
generally anhydrite. Numerous anhydrite deposits or at least 
parts thereof have in the vicinity of the surface been ao- 
ocndarily changed into gypsum rock. Anhydrite ia namely



converted by hydration into gypsum rock with a simultaneous

le deformations both of the mineral itself and the strata 
in its vicinity. 3y secondary hydration can sometimes be con
verted to gypsum rock even entire mighty anhydrite strata, 
but often hydration afflicts only their marginal parts.

Gypsum rock- formed through the effect of permeating 
waters sets up on the fringes of the anhydrite lena its 
gypsum rock border; an example of this is given in Pig. 1.

P lg .l . Gypsum rook deposit nsor SplAokl EovA T*a (CSSE) 
weathered reekf ^bosssssooki 3 -  gypaoa rook ;

4 -  anhydritof

A contrary process is the change of gypsum rock into 
anhydrite. This occurs during the contact of gyp9um rock with 
concentrated salt brine in the centre of the basin or through 
the action of pressure. Thus e.g. the pressure of a 450 m 
thick rock cover is according to certain authors sufficient 
for the conversion of gypsum rock into anhydrite.

Both gypsum rock and anhydrite are thus formed above 
all through evaporation of sea water or the water of salt 
lakes. Generally it can be stated that under elevated tempe
ratures - e.g. in a hot arid climate - prevailingly anhydri
te is deposited, whereas under lower temperatures - especially

«ninm« hv iO — SO %vhich often leads to considerab• ~ " '  * —



- 7 -

in the mild climate - gypsum rock is deposited.
Through the evaporation of a 100 m thick layer of nor

mal sea water is formed a calcium sulphate layer with a thick
ness of approximately 7 cm.

Calcium sulphate appears in nature also in less cur
rent forms. The highly fine-grained transparent form is ala
baster; its fibrous form - selenite - fills various cracks 
and interstx'atal joints or forms, similarly to anhydrite, 
whole strata. Earthy gypsum rock formed by the evaporation 
of waters contaminated with argillaceous materials - e.g. 
under lake conditions - is called gypsite.

Beside the above natural forms of gypsum rock and anhyd
rite there occur huge quantities of gypsum rock as by-pro
ducts in the manufacture of phosphoric acid and in other 
chemical processes (neutralization of sulphate waters, citric 
acid production, conversion of ammonium sulphate, etc.).
A considerable part of th se by-products is not being utili
zed at the present time, with regard to the present conta
mination. Even though the removal of the latter is techni
cally feasible, it has proved itself in many cases as too 
costly and gives thus no chance tr compete with the very 
cheap natural gypsum rock.

Jypsum rock and anhydrite appear in large quantities 
all over the world. There exist in fact few regions where no 
commercially interesting deposits are available. The raw ma
terial has a very low price; at the present time the price 
of 1 ton^e.g. in Great Britain without transport costa from 
the mine is 3.? - 4.0 L. With regard to the both technically 
and thermally not highly exacting production, also the price 
of gypsum plaster and gypsum products is relatively low whicn 
contributes to the popularity of those products in the 
building industry.

Even though the field of occurence of the deposits is 
great and the world reserves are large, the main factor which 
decides about the viability of the potential i. vestment 
(i.e. mining, production and processing of gypsum plaster) 
is the distance from the potential markets and the ease of 
transportation. The UG Bureau of Mines estimates that the 
world reserves have reached in 1977 approximately 2 billion
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tons. This figure apparently takes into account only the re
serves that are being utilized at present. Significant ex
ceptions are Japan and Skandinnvin; this fact, on the other 
hand, made Japan a leading country in the utilization of 
by-product calcium sulphate in order to avoid high imports 
with the associated transportation costs.

Worth mentioning are large gypsum rock localities in 
the centre of the European part of the USSR (the region of 
Tula and Gorki), in the North in the Archangelsk Region, 
in the region of the central and southern Volga, in the North 
Cauaasua, in the Ural, the Far East (Irkutsk and Krasnoyarsk 
Region), in the Ukraine, in Uzbekistan and Turkmenia.

The main European localities include deposits in Poland, 
the German Democratic Republic, the Federal Republic of 
Germany, France, Italy, Creat Britain, Austria, Greece,
Spain and Cyprus.

On the American Continent, the main gypsum rock winning 
and processing countries include the argentine, Brazil, Ca
nada, the USAf the Dominican Republic, Mexico, Peru.

In Africa it is above all Southern Africa and in the 
remaining parts of the world above all Australia, India,
Iran, Japan and Pakistan.
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J. CabO^-H^O system
Gypsum binders are obtained by dewatering gypsum rock 

at various temperatures. Dependent on temperature and the 
external conditions of hydration time, various modifications 
of both hydrated and anhydrous calcium sulphate are formed 
which mutually differ in the form and magnitude of the crys
tals, density, optical as well as other properties.

On heating, under various conditions the following com
pounds may be formed;

CG-CaSO^ . 1/2 h2o
p-CaS04 . 1/2 h2o
<X.-CaS04 III soluble anhydrite
(*-CaS04 III soluble anhydrite

CaS04 II insoluble anhydrite
Caci04 I .

The first changes on heating CaS0^.2H20 occur already 
at approximately 45 °C, pronounced changes than at 75 - 80 °C. 
A technically necessary gypsum rock dehydration rate is, 
however, attained only at such a temperature, at which the 
tension of the vapour released during the dehydration exceeds 
the atmospheric pressure.

The equilibrium temperature of the reaction (at a pres
sure of 0.1 MPa)

Ca804.2H20 -w— CaS04.1/2 HoO +11/2 H20
is according to various authors 97 - 107 °C. This relatively 
great difference in the data for the dihydrate d¿composition 
temperature is given by the fact that the dehydration tem
perature and rate of samples from various localities and even 
from various locations of the same deposit exhibit conside
rable differences. This is influenced by the different size 
and various forms of the gypsum rock grains*, by different 
degrees of purity, methods of crushing and grinding, heating 
rate, etc. The optimum temperature is therefore often veri
fied experimentaly with the aid of differential thermal ana
lysis (DTA).

> ‘ *- semihydrate is formed by heating gypsum rock to 
115 - 125 °C under a mild overpressure (0.12 - 0.13 MPa) in 
an environment saturated with water vapour or even under 
normal pressure and a lower temperature in water or solutions
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of certain salts. This modification is formed when the water 
of crystallization escape'» from the. gypsum rock in a liquid 
form, .so that it does not cauoe destruction and loosening of 
the individual particles. In this way can be explained the 
effectiveness of certain salts that are present in the so
lution which reduce the water vapour tension on the surface 
of the particles and make possible the escape of water in 
its liquid form. As effective salts are listed e.g. CaCl2,
MgCl2, alkalic acetates, salts of aliphatic carbonic acida, etc.

In practical operations it often happens, especially 
during the production of p’-semi-hydrate in cookers, that near 
the cooker bottom,where the pressure is higher than in the 
surface layers, a certain quantity of c.-semi-hydrate iu 
formed.

(/^-semi-hydrate ia dense. It forms nice needle-shaped•»or prismatic crystals. Its density is 2.72 - 2.73 g/cm , 
whereas (^-semi-hydrate is porous, hae a density of 2.67 - 
2.68 g/cnr*, ita crystals are smaller and have no such clearly 
defined shape. Therefore the (^-modification has for a prac
tically identical grain size a larger specific surface than 
the ¿0-modification. This manifests itsljef in practical ope
ration by the fact that the (^-modification requires for the 
same plasticity of the gypsum plaster paste a smaller quan
tity of water than the Q-modification. The water-gypsum 
ratio of the cl« -modification is 0.35 - 0.45, of the (^-modi
fication 0.5 - 0.7. Therefore products from the ^.-modifi
cation have higher strengths than products from the f̂ -mo- 
dification.

The above modifications differ also in the quantity of 
the heat of hydration.

V,-CaSC4.1/2 H20 + 11/2 H20 -^CaS04.2H20 + (4100+20) cal 
(?-CaS04 .1/2 H20 +11/2 CaS04.2H20 + (¿600+20) c 1.
Conversely, the heat of decomposition for the forma

tion of the two modifications dees not differ too much.
Ca304.2H20 + 19,050 cal -^>d,-CaS04.1 /2 H20 +11/2 HjO
CaS04.2H20 + 20,350 cal P-CaS04.1/2 H20 + 11/2 H20 .



P -semi-hydrate is formed on heating gypsum rock under 
normal pressure at a temperaturo of 100 - 160 °C. Ir. the 
course of this reaction water ia liberated from the lattice 
in the form of steam which leada to a mechanical disintegra
tion of the grains. The particles ere then more porous and 
have a rough surface.

rjo-anhydrite III - soluble anioydrite - ia formed from 
c;̂ -semi-hydrate by the heating of the latter to 200 - 210 °G 

P -anhydrite III - soluble anliydrite - is formed from 
¡':-semi-hydrate by the heating of the latter to 170 - 18C °G

Both solxble anhydrite forms are unstable and already 
under the action of atmospheric moisture they are converted 
to their semi-hydrate forma. In doing ao the (3-modification 
ia lea s stable than the ^-modification, with regard to the 
different porosity of the latter. The >eat of hydration of 
the rju-modification ia 6,2'0 cal, that of the ^-modification 
7,210 cal.

The soluble anhydrites set more rapidly, require more 
water and exhibit lower strengths than the corresponding 
semi-hydrates. Industrial gypsum plasters shotId therefore 
as a rule contain the least possible quantity cf those com
ponents.

By heating soluble anhydrite III to a temperature of 
400 - BOO °C, GaoO^ II - insoluble anhydrite - is formed.
The properties of the insoluble anhydrite are very similar 
to those of the natural anhydrite. With water it combines 
very slowly; this reaction can, however, be speeded up by 
the addition of certain hydrogen as well as normal sulpha
tes. This fact ia utilized in practice in the manufacture 
of anhydrite binders. The heat of hydration is 4.030 cal.

By further heating the insoluble anhydrite to 800 - 
1000 °C there already occurs a partial decomposition of 
the calcium sulphate with the formation of free GaO and SOg. 
If the firing operation is conducted in such a way that 
the material contains 2 - 3 % CaO, by grinding the grains 
flooring gypsum plaster is obtained.
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In the conclusion to this chapter should be stated that 
industrially produced gypsum plasters contain as a rule be
side the main active ingredient - the main modification - 
an accompanying quantity of also ether components. This is 
given by the variability of the raw materials as well as by 
the sensitivity of the hydration process.

The CaSO^-H-jO system is a very complicated physico-che
mical system and a number of authors are investigating it in 
great detail. In this chapter an attempt was made to provide 
at 1 ast a brief summary of generally accepted technical 
facts.
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4. Gypsum plaster production
One of the oldest methods of quick-setting gypsum plas

ter manufacture is its dehydration in a cooker. A disadvan
tage is interrupted production (in recent years continuously 
operated cookers have been developed), but its advantage 
lies in the fact that -'-semi-hydrate with the presence of 
a smaller quantity cf Gj -semi-hydrate is oDtained. This me
thod therefore still maintains sinco its introduction (in 
1870) a very important position in this field.

The latest newer designs include cookers made by ikeaers. 
Büttner-Schielde-Haas (FfiG). The general arrangement is 
shown diagramatically in Fig. 2.

Jig. 2, eociur
1— raw tu to ria l oCoraga bins 2— convoyer|
3 -  rp ca ra to r of Lois 6rxooj 4 -  oookorj 
5 - v o n tila tcr fern 6 «7- <^sst c o lle c to rs  
8 -  burned m aterial otcra&a b±n$ ©envoyer

In this case has been eliminated the intimate contact 
of the flame with the cooker bottom which prevents the pos
sibility of unwanted overburning. The technical and economi-
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c a l  ¿ïa^auie t u  jT t . h i5 uÿûtCu û i û  ii^px ovc-vl by  t.iis co m b in e d  

grinding ar.d drying of the gypsum rock before entering into 
the cooker; for this purpose io in a ouitable nancr being 
utilized the heat content of the waste gase3. The dehydration 
period ia 2.5 - 3*5 hours. The produced gyp3un plaster is 
as a rule subsequently stored in a maturing bin and then 
ground as required. The temperature on entering the grinding 
mills should not exceed 60 - 82 °C.

A great advantage of the cookero is their simple con
struction which guarantees trouble-free operation. In the 
cooker can be produced all types of gypsum plaster with ex
cellent properties, practically from all typoo of gypsum rock. 
Down times required for filling and emptying amount, however, 
up to 25 fiankxnma Discontinuous operation and the thuo 
arising change in temperature conditions place exacting re
quirements on the control of tho hydration proceos and dust 
extraction.

These disadvantages are overcome by the solution of 
Messrss British Plaster Board Ltd. which is characterized 
by the aspiration of the dowatcred raw material through a 
separate pipe in on obliquely upv/erd direction in such a 
way that the level in the cooker remains at a constant height. 
The rating of the continuous cooker io 25 - 40 2 highor, 
the heat consumption and other indirect cocto are lower.
The gypsum plaster quality is oquolly good.

A further now type of production plant which at the 
same time grinds and carries out dehydration, is the grinding 
equipment of Meosrs. Claudius-Peters (FRG) which is shown 
in Fig. 3.

This plant consists eooontially of two rings, between 
which grinding balls are locatod; the bottom ring rotates 
and provides the grinding function. Adequate compression io 
provided by springs. Gypsum rock, precrushed to 0 - JO cm, 
enters the grinding mill through a side feed opening into 
the grinding space. After grinding and dehydration, it is 
pneumatically aspired into the classifier; the coî̂ aoe fract
ion is returned, the fine fraction goes into the bin. Two 
of these grinding mills are as a rule connected into one
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Connoctioa of trro Claudico — ro to lo  гЛИд fo r tho 
production of aired gjrpoun Ь1^сшз. , . 4i1— e'iijjcago bin 6hcally<liûi oviesc^i bin (ûübyûi—Í3)|
>- atorago bin (uudy produit)*
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relevant ratio, gypsum pl..otcra v/i i  centre I.: a pr:per :ica 
can be obtained. An enamplc ci a connection ia ebcwn in Pig.

On q oimilur princi'lo cporaboa tic ILT-hill aya ten 
of Llsosro. Raymond (Okies -o)« ibis .yo; ;n omhibito a LO i> 
lower electric pot/sr cono mptier v.n oil the caxao heat con
sumption, but q higher op :ciiic pc: formanec.

An intoro3 ting tech ological solution presents tl.c ro- 
.ary dehydration plant of Lice 
PPG) which ia shown in tig. 
ill the main typao of both rypau.

ing the plant, both co-currcnt a_td counter-current burn: ng 
can be achieved, -and by connecting two burning unite with 
subsequent raizing, it ia possible to obtain products 'with 
controlled properties. The erhauoted gasco can be utilised 
for drying the ra;7 material in the couroo ci the grind it g 
process, ond tirua maximum utilisation ci the heat can be 
achieved. Euot ia controlod with tic aid ci electron „otic 
precipitators, v.'hcn using combined „into, the material flow 
circuit includco classifying equipment, cn which the ccarao 
fractions are separated t: at go via the orc.rf 1 lute the 
grinding mill end then bond; into tio classifier0 The biro 
fraction (underoiaa) gooa into the bin. The toc!iaeiog..c;l 
arrangement makes aloo pesaibio the addition ci caditivco 
v/hich control special properties. An cnaaplc of this arran
gement is shown, in Fig. 6.

another type of combined Lilr. io the do able-shell hiln 
which makes firing possible in tho inner space, directly 
heated at a higher temperature; the fired material over
flows into the outer cpacc vaioro it ia mixed with tho rev; 
materiul destmned for firing at a lower temperature. by 
cooling down it hands over heat to tho raw material which 
io to be dehydrated at a lov/or temperuturo. Thus houo io 
being utilized in an utmost manner. If required, aloo this 
outer space can bo heated by additional equipment. It should
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The technolog; cally correct selection of th»7- product
ion plant, auat start out abovo nil from the properties of 
the raw material from a concrot : locality, furthermore from 
the purpose, for which the producod gypsum plaster v/ill be 
used, and from tho required capacities. For this reason 
the suppliers of machinery equipment have built their test 
plants and engineering consultation services; on the basis 
of these input data they are then generally capable of de
signing an optimum solution.
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5. Utilization of by-prcduct calcium sulphates
The world production of phoaphoric acid via the decom

position of phosphate raw materials with sulphuric acid accord
ing to the equation

2 Ca3(i>04)2 + 6 H2S04 = 6 CaS04 + 4 H3P04
has reached almost 20 million tons in 1975« In the 

course of this production is formed at the same time a by-pro
duct - calcium sulphate in quantities of approximately 4.5 
tons per ton of produced phosphoric acid which represents 
a great total of 20 x 4.5 = 90 million tons. If we realize 
that the overall yearly world production of natural gypsum 
rock represented approximately 60 million tons in 1975, it 
can readily be seen that by-product calcium sulphate can in 
due course become a competitor of the natural raw materials.

This problem can not, however, be assessed from thi point 
of view of a simple replacement, since here a determining 
role is being played by questions of a technical and economic 
nature^ transport and environmental problems, etc. have to 
be also taken into consideration.

The primary problem is abovo oil the question of the „ contaminantscontents of K£n±fin£x such as fluorine, residual sulphuric 
as well as phosphoric acid, salts of uranium, radium, and 
many other impurities, the contents and character of which 
depend# above all on the incoming phosphate raw materials 
and on the morphology >f the calcium aulphato crystals that 
are formed in the course of the decomposition process. Tho 
solution of these technical problems, projected into their 
economic consequences, can then exert a limiting influence 
onto the utilization of this raw material.

▲ determining influence onto the solution of problems 
associated with the utilization of these by-ppoducta can 
have also environmental protection. When these by-products 
are stored in sludge settling lagoons, the soluble impuri
ties can contaminate ground waters and thua infeat and en
danger wide areas in the vicinity. If then tnere occurs a 
drying out of the surface of those dumping grounds, the 
wind can also scatter the solid particles into wide surround
ings and contaminate them.
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Some production plants are situated on the sea shore 
and solve this problem by draining the wastes into the sea 
water. Also this method is already today in a number of ca
ses not practicable and the production plants will in due 
course have to search for other solutions, even at the cost 
of having to finance research work and paying for new invest
ments .

As an example can be quoted that in Florida, USA, the 
by-product gypsum dumping grounds contain more than 200 
million tons; this quantity would be sufficient to cover 
the requirements of the USA for a period of 10 years. At the 
same time, the yearly waste in the USA represents approxi
mately 21 million tons, out of which e.g. in 1977 only 
600,000 tons have been utilized.

These problems have to be assessed from the point of 
view of the needs and conditions of the relevant country.
Thus e.g. in Japan the total gypsum rock consumption in 
1975 was 4.095 million ‘ons, the mining of natural gypsum 
rock amounted tc only 189,000 tons. The difference was co
vered by processing by-product gypsum, the ampunt of which 
(as waste) represented in the same year 5.02 million tons.

Since the natural gypsum rock resources in Japan are 
very limited, there wasVendeavour to cut down on imports 
from abroad which was at the same time accompanied by ac
tivities in the investigation of the possibilities of utili
zing by-product gypsum. With regard to the negative influen
ces of impurities present in the by-product gypsum, research 
work was orientated ¿uove all cn the development of such 
phosphoric acid production technologies which produce pu
rer by-products. This procedure was considered to be more 
feasible than the secondary purification of contaminated 
by-product gypsum.

Thus was established e.g. the new Nissau Process which 
provides in the first phase semi-hydrate, in the second pha
se an already much purer dihydrate, already applicable for 
further processing. On a similar principle is also based 
the NKK Process. Another method which yields a product of
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greater purity, is the Gantral-Prayon Process. This process 
includes the recrya tallicalion ox dihydrate; its final pro
duct is semi-hydrate. Despite tho fact that those combined 
processes are more costly in their operation, they have boon 
applied on%road industrial scale, since in this way was 
solved the problem of importing almost 4 million tons of 
gypsum rock into Japan. Only when there occurs a temporary 
drop in the phosphoric acid production, the lacking gypsum 
rock quantity is imported from Australia and Mexico.

In other countries, above all in Europe (Federal Re
public of Germany, France, USSR, Great Britain) attention 
was given, on the contrary, to the processing of untroated 
by-products formed in the course of a single-stage decompo
sition. This naturally places more exacting requirements 
onto the entire production technology for the actual gyp
sum plaster.

At present tnere exist severax different processes, the 
resultant product of which is semi-hydrate gypsum plaster 
which can be utilized above all in the building industry. 
Essentially we are concerned here with two basic dohydra- 
tion systems - the dry process which produces -semi-hydra- 
te,and the wet process which produces Uj-somi-hydrato and/or 
a semi-hydrate slip which can bo employed directly for the 
manufacture of gypsum plaster board or elements. Tho -semi- 
-hydrate manufacturing technology was worked out above all 
by Messrs. Gebrilder Knauf (Iphofen - FRG) and roalized in 
a company owned plant in Coatrop-Rauxel and at the Weat- 
deutsche Gipswerke in Iphofen. This method consists of the 
following operations;

washing the by-product with water
drying
.i1st firing operation
\|>rehydration and neutralization with milk of lime 

2nd filing operation
A modification of the Gebrilder Knauf Method consis ,a 

of a neutralization after the washing of the raw material 
with subsequent drying and firing.



The dry technologies also include a method worked out
in the cooner€ition o f tiie compumos i<hcn D, /111 H - U U O  w

rie and Charbonnages do France Chimie; the technological ar
rangement realized by Messrs. Rhono Progil at the Ccuvrin 
.Vorks includes thorough washing and separation ox* mechanical 
impurities on a sieve, then follows a passage through two 
hydrocyclones, filtration, drying, firing and, according to 
requirements, grinding with additives. The yearly production 
is 130,000 tons; the major part of the production is pro
cessed to gypsum plaster partition elements.AMessrs. Rhone Progil have built another plant for Donau 
Chemie, Piacheldorf (Austria) which produces 500,COO m^ of 
partition elements per year.

Messrs. ICI have realized some time ago in Biilingham 
ixi the North of EnAgland the firing of by-product gypsum in 
a multi-stage k.ln. Despite the fact that very good results 
have been attained there, production was stepped for com
mercial reasons.

To the extraordinarily important methods of semi-hydra- 
te gypsum plaster production from by-product calcium sul
phates belongs undoubtedly the system realized in Ludwigs- 
hafen (FRG) by Messrs. Gebriider Giulini GmbH. This method 
involves the continuous pressuro dehydration of calcium sul
phate in a suspension. Since tho incoming part of the tech
nology includos thorough cleaning of the raw material by 
flotation and countor-curront T/aGhting, this method which in
cludes in the second atago rocrystallization in an autoclave, 
provides a very pure semi-hydrate free from dangerous mate
rial that may lead to the formation of offlorescence.
The resultant product is either r .r-semi-hydrate gypsum plas
ter (in this case the semi-hydrate is, after leaving the 
autoclave, separated in a centrifuge, washed with hot water 
of dO - 90 °C and dried) or the centrifugod -semi-hydra
te is mixed with cold water to form a 3lip of the required 
consistency which is directly poured into moulds for the 
production of partition elements.

iKith regard to the fact that the autoclave dehydra
tion takes place in the presence of active additives that v 4 4 -influence the,hydration process, it is possible to obtain 
by this method a product with controlled qualities, i.e. 
with a controlled size and shape of '.he crvntaln.
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The production flow sheet for this technology is shown 
in Fig..10.

Fig.10. GebrUder GiulirJ. tectriolonlcal line for theproduction of (A —hemi: .y d m  te oy—produc t' gvpsuin 
rlaotor, 1—Fil'jcr; 2— blujrgerj y — pape 1ms j
4- flotation; 5- storuge tank and pumpj 6- v/âtar 
cyclon; ?- punp; 8- autoclave; 9- centrifuge.

An analogic«! method hus al;o been corked out by a 
group of authors at VNII0TRGL1 in oho USSR.

Prom literature are known references also about tho 
firing of by-product gypujea at tenporaturco around 1 COO °G; 
the product obtained approaches with its properties flooring 
gypsum plaster or Kcon cement.

Aa follows from an analysio of by-product gypsum mate
rials, they contain a certain quantity of water soluble 
salts which can form under certain conditions efflorescences 
on building elements. For the formation of efflo
rescence there must be simultaneously present in tho pro
duct a certain quantity of water and the temperature and 
humidity of the outer environment must cause and aid, respec
tively, the internal movement of the liquid phase in a di-
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rection towards the surface of the product, where then eva
poration occurs; a consequence of those physical and chemi
cal procooses is then the formation of efflorescences.

The most effective way of preventing these unpleasant 
phenomena is to thoroughly free the raw material, i.e. the 
dihydrato crystals, from both rests of salts ^mother liquor 
after the separation of phosphoric acid) on their surface 
and also inside the crystals. In this respect the Giulini 
Process has shown itself to be highly effective and reliab
le. This is documented by the following listing of the che
mical composition of the original raw material, the washed 
raw material before entry into the autoclave and the final 
product (semi-hydrate) after centrifuging.

Starting
dihydrate

Washed
dihydrate

Semi-ciydrate
aftor centrifuge

Si02 1 .25 0.74 0.7
F 2.12 0.4 0.34
P205 total 0.78 0.74 0.5
P20^ water soluble 0.28 0.05 0.03
Na20 total 1 .22 0.2 0.03
Na20 water soluble 1 .06 0.05 0.015
A12°l 0.08 0.07 0.05

a rv> o
1 0.02 0.015 0.15

C 0.15 0.05 0.03-
Noto: The values are given in weight per cent.

It was ascertained through a closor study of the efflo
rescence problem that effloresc^ecos can be formed by sodium 
salts (sulphate, phoophate, fluoride, fluorosilicate, car
bonate, hydroxide and tripolyphoaphate), as well as by mag
nesium sulphate. The intensity of the efflorescences is 
influenced by the character of the anion. The most intensive 
efflorescences are formed in the presence of Na^HPO^,
Nâ CO-j and Na^SO^, the least intensive ones in the presen
ce of sodium fluorosilicate Na^SiF^.

Efflorescences are either not formed at all or only 
to a very limited extent in the presence of NaCl, CaCl2, 
fligCl̂ , Na^SO^, NaH^PO^ and primary calcium phosphate 
Ca(H2P04)2> if the concentration does not exceed 0.4 %, re-



28

reriv i to cation-oxides. hfflorescences are aiao not formed 
duri: : the simultaneous presence of Nao30, and CaCl-.

If we list the individual salts in accordance with 
their degree of danger of efflorescence formation, v;o obtain 
the following series
Na2CCj, Na2HP04 >  Na23C>4, ulgSÔ , NaH2P04> NuF, NaOH,
N a . P - j O j Q Na2SiF6'> K2SC>4, NoHS04 > KC1, NaCI, MgCl2,
CaCl2, Ca(H2P04)2.

To determine bindingly valid limits of the maximum per
missible contents of the individual offlorescence forming 
materials is an extremely complicated problem, the solution 
of which is naturally influenced by external conditions.
On th± basis of laboratory results it can be stated approxi
mately that the total contents of v/ater soluble Wa20 + LigO 
(including the salt contents in the crystals) should not 
exceed in the raw material or in the fired aeni-hydrate the 
value of 0.1 $. Belolid this limiting value, and especially 
below the limit of 0.05 2>, there occurs practically no for
mation of efflorescences. In the region of 0.1 - 0.2 2 tho 
formation of efflorescenceo io already probable, depending 
on the character of the present sedium and magnoc^ium eaita, 
and with their contents above 0.2 % it is absolutely certain.

Messrs. Giulini state that tho overall tla ^O content 
must be reduced below 0.04 $ in order t1-» definitely (with 
guarantees) prevent the formation cf offlorooccncco.

To round off the overall characteristics of problems 
that are associated with the utilization of by-products, 
it should still be stated that for the production of semi- 
-hydrute gypsum plaster can also be utilized by-products 
formed in the production of certain organic acids (citric 
acid, tartaric acid), but also during the conversion of 
ammonium sulphate with milk of lime which is utilized in 
the desulphurization of flue gases, especially from ther
mal power stations. The last method is gaining increased 
importance especially in recent years v/hen more and more 
attention is being paid to the cleanness and protection of 
the environment.
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In the concluding part of this chaper should also be 
mentioned one grave problem that occurred in connection with 
the production of pnospho-gypsum piaster. This is the 
question of its radioactivity.

The executed measurements have proved increased contents 
of Ua and U in phosphorites in contrast to natural gypsum rocks.

Phosphates from Morocco, by-product gypsum formed by 
processing the latter as well as gypsum plasters manufactured 
from them, have a one to two orders higher content of Ra 
and U than current rocks and building materials. The Kola- 
apatite concentrate forms an exception among the phosphate 
rocks. The Ra und U contents in the kola-apatite concentra
te, in the by-product gypsum formed from it and in the 
phospho-gypaum piaster manufactured from this by-product 
gypsum, are of the some order aa have been found in other 
building materials or rocks employed for their manufacture.
Of interest is, however, the higher Th content which, how
ever, no longer appears in the by-product gypsum which im
plies that the major part of the Th present is transferred 
into the produced phosphoric acid.

In comparison with natural gypsum plaster which is 
classified by a number of authors aa a building material 
with the lowest contents of radionuclides, the radionuclides 
contents in by-product gypsum and phosphate-gypsum plaster 
from the kola-apatite concentrate are approximately 2 - 3  
times higher. For a comparison with modern building mate
rials (e.g. on the basis of slag and fly ash), in which 
higher radionuclids contents can be expected, we are still 
lacking data about the contents of radionuclides in these 
products or raw materials.

On the basis of executed measurements and the contem
porary state of the art it can be stated that the contents 
of radionuclides in phospho-gypaum plaster from the kola- 
-apatite concentrate ore not higher than in other currently 
used building materials; there can thus be no objections 
to phosphate-gypsum plaster from the point of view of io
nizing radiation. Aa regards African phosphates, the level



- 30 -

of radionuclides contenta ia higher. Since, however, at 
present exist no specif i cat ions or standarcis limiting the 
maximum permissible contents of radionuclides in building 
materials or raw materials for the production of the lat
ter, no final conclusions can be drawn from the above 
findings. In this respect technical workers still have a 
lot of work before them.

We believe that the entire matter of radioactivity of 
not only phospho-gypaum plaster, but also of building ma
terials generally, should be brought to certain conclusions. 
Measurements should be carried out of the contents of ra
dionuclides in building materials and raw materials used 
for their production. These measurements should then be 
supplemented with exposure rates at selected building sites. 
And on the basis of all these findings should then in co
operation with hygienists be worked out a general specifi
cation or recommendation about the maximum permissible 
contents of radionuclides in building materials.
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6. Setting of rrypsum plaster
The discovery that a gypsum planter suspension sponta

neously sets into a solid mass io several thousand years old, 
but the first explanation of tho entire process was £±ra£ 
given cnly by Lavoisier. He showed that during the setting pro
cess there occurs a conversion of seai-hydrato to dihydrate.
This is the chemical basis of the entire process which does 
not, however, explain the actual recaon for the gain in strength.

The explanation of the strength gaining process was founf£ 
by Le Chatelier. He pointed out that tho seai-hydrato io under 
normal temperature conditions a naterial that is in water 
approximately five times more soluble than the dihydrate. After 
mixing the semi-hydrate with water, thore occurs a dissolution 
of the semi-hydrate up to the state of saturation and £a tho 
following conversion to dihydrate. Sinco the solubility of 
the semi-hydrate, converted to CoSO^, io approx. 8 g/ 1 and the 
solubility of the dihydrats i3 only approx. 2 g/1 , the solu
tion becomes gradually supersaturated. ¿uch a solution is na
turally unstable and separates the dihydrate in the form of a 
large number of small needle-shaped crystals which grow toge
ther into a continuous solid cnos, naturally interwoven with 
a continuous network of pores. Only today hc3 it been possib
le with the aid of the scanning electron microscope to rr-T-j-^b» 
confirm the correctness of Lo Chatelier'a idea.

Ey the separation of tho dihydrate ft*ca the solution io 
decreased the concentration of tho latter, thuo conditions 
are created for a further dissolution of the semi-hydrato, 
and the process continues.

The crystallization procooa can be divided into two stages. 
The first stage io characterized by the formation of crystalli
zation nuclei, the second by the growth of the ‘crystolo. For 
the first stage holds true - tho greater the supersaturation 
of the semi-hydrate solution, the quick er are formed the crys
tallization nuclei. If the superaaturution ia low, there need 
not occur the formation of microcrystalo.

If the crystallization nuclei are formed too quickly, 
they are very small, not stable and in due course disintegrate 
again. The crystallization nuclei must therefore have a cer
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tain co called critical nice, sc fiat they arc stable under the 
given d ilution supsraatuuaticn ccuditicns end can become reel 
nuclei for the now phase .>

Tho second crystallisation e;c.tc ia characteric :1 by the 
crystal growth rate. Tho latter is dependent on tho degreo oh 
eupersaturation, i.e. on the difference betv;oen tho concentration 
of the noterial in the oolution and tho solubility of the new
ly formed structura, end on tho dimensions of the crystal 
itoelf, on which are cuccessivoly deposited further memo-layors.

Tho energy liberated in the growth of crystals is always 
greater than the energy liberated in the formation of crystal
lization nuclei. It follcu3 fron tho above that the crystalli
zation nuclei can ba formed only at tho beginning of tho enti
re crystallization process - approximately up to the beginning 
of setting. After the formation of a certain quantity of these 
nuclei con already occur their growth. Luring this growth is 
first of all formed a rigid struct sural fremeuor h. If curing 
this stage there accurs the cction cf mechanical forces, then 
this leads to a reduction of tho strength of tho hardening 
gypsum plaster. Only through a further growth of tho cryctala 
their contact faces uro increased, the crystals grow together, 
and the strength valueo of tho maos arc increased.

A further increcso of tho strength of gypsum plaster pro
ducts can still be attained by their drying. This can be ex
plained by a further hydrotien and evaporation of tho water 
which is always present in tho cuoucnsicn - for rheological 
roasons in greator quantities than required for tho mere hyd
ration proceas. Through drying io formed from the oxceos wa
ter containing sulphate oolutio which io stored between tho 
crystals, further gypsum roch which further linhs the indi
vidual, already existing crystnlo among each otner. Apart from 
that, after the evaporation of the wator there*’ does not occur 
so readily the mutual 3hift of the crystals as in the presen
ce of water.

A significant rolo in tho setting of gypsum plustor play 
the additives that are added oither already during the grind
ing operation or only during tho preparation of the paste - 
the so called setting regulators. In accordance with the 
character of their action, thoy can bo divided into five groups.
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To tho first group belong ■ trong cad v;cah electrody tjc
A rt 1 -  ̂ . 

w l l  * . r . .
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oori j urd v ,  2 • nd ei-yhu tc, but •. s not I t m  cn ttoar p:rti.
loo L dly solublo films.

Certain additives, such as heCl, KOI, i:a2d0/, and otb.cro,
increase the ¿solubility of the ocui-i-'drute in water and spoed 
up th-3 netting of the pp'psun plaster. Other additive- 3, such 
as Nil OU, C.jK-OII, and othcro, act in cractly the oppesito 
way. The effectiveness of c-oi’tain salts ia ccncentraricn d - 
pendent; at a certain concentration troy act as an cacoloiu-- 
tor, at another aa a retardor«

The second group includca substances that form crystal
lisation nuclei, e.g. gypsum reel:, GallPO. «211̂ 0, end ethers.V *-They can be claosed aa setting a: celcratcrs.

To the third group belong surfactants (surface active 
oubstances) that ore capable cf absorption both cn the se
mi-hydrate and on the gypsum rcch end which retard the for
mation of crystallisation nuclei. Thin rrcup includes c.g. 
line-glue retarders, sulphato lyes, Loratine retarders and 
carbo:;y-methyl cellulose.

The fourth group contains ¡vubstanccs that forn through 
a mutual reaction on tho curfaoc cf the semi-hydra tc partic-" 
I0 3 protoctive, sparingly soluble films. These are c.g. 
phosphate, oualates and borates cf allelic metals, baric 
acid, etc; these aubstanoo retard the sotting preens:-.

In tho fifth group are then included mined pro .ucts 
which contain e.g. a mirturo of electrolytes end ovrfact- 
tanto, etc.

In certain countries is tho addition of setting regula
tors a normal procoduro and is generally carried out during 
the grinding operation.



7 . Types, propertiea and utilisation of gypsum plaster
In the technical standard specifications of the indi

vidual countries, gypsum plaster is first of all divided in 
accordance with the typo of application. With regard to the 
favourable technical properties cl the gypsum plaster, it is 
employed in many fields. The greatest consumer is the build
ing industry, followed by the ceramic and metallurgical in
dustries; the health services are consumers of special 
gypsum plaster types.

If we do not take into consideration the relevant modi
fication (0*;> p>), it is generally possible to divide semi- 
-hydrate gypsum plaster in accordanco with the basic fields 
of utilization into the following groups:
- gypsum plaster for the building industry (stucco, plaster),
- technical gypsum plaster (modelling, moulding),
- gypsum plaster for the health servicos (surgical, dental).

In accordance with the main propertiea, semi-hydrate 
gypsum plaster can then be divided as follows:
- according to the attained strength,
- according to the speed of setting,
- according to the fineness of grinding.

The national standard specifications of the individual 
countries generally contain cortain specificitios in tho 
classification which are dependent on the traditions of tho 
relevant country, the raw materials, production facilities, etc* 

The basic groups cf gypsum plasters are then further 
divided into classes of quality.

The national standard specifications include in a num
ber of cases also special gypsum plaster types with improved 
properties that are destined for rpecial purposes.

Gypsum for the building induo try is generally used for 
the production of structural elements and for stucco and 
plastering work. Here we are as a rule concerned with the 
^-modification.

Technical gypsum plasters are employed in the first 
place for modelling and moulding purposes. In case of models 
exposed to only moderate stresses we are as a rule concerned 
with ^-gypsum plaster, in case of higher mechanical require
ments is used an addition of ^-gypsum plaster which prevails 
for special hard gypsum plasters for moulding purposes.
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Gypsum plasters for the he* 1th services are employed 
primarily in surgery and furthers'oro in dental surgery for 
the t iring of dental prints.

?or the sake of completeness should also be mentioned 
various types of special and mired binders, generally cn 
the base of anhydrite (anhydrite binders), products of the 
flooring gypsum plaster type end products of tho Keen ce
ment type. A large separate group of bindero that have beon 
developed in the USSR form gypsum plaster-ccment-pucr.olana 
binders which have especially in the USSR found a brood 
field of application in préfabrication.

The specific density of the uoual quick Getting eemi- 
-hydrate gypsum plaster is 2.60 - 2.75 g/ca^. Tho density 
in the bulk state is 800 - 1100 Ig/nr*, in tho lightly com
pacted state 1250 - 1450 kg/m^.

The nain technological properties of gypsum plaster are:
- fineness of grind,
- quantity of water roquired for preparation,of a paste with a 
* normal density (consistence),
- beginning and end of setting,
- mechanical strength in the harccnod state.

The fineness of grind of t' o gypsum plaster characteri
zes the relativo reprooentatiem cf particles of the indi
vidual 3izeo and is omprococd cm a rulo in the form cf a rest 
on otandard sieveo. Tho fineness of grind influencoa tho 
water-gypsum ratio, tho mechanical otrongth and tho rate of 
setting. It is one of tho vory important properties of 
gypsum plaster.

The second very important property of gypsum plaster 
is the quantity of v:atcr that is roquired for the preparation 
of a paote of normal consistence (i.e. as given by tha 
standard specification). The normal consistence depends on 
the composition and properties of tho raw materials, on the 
methods and conditions of dehydration and on the fineness 
of grind; it influences in turn the moulding propertioo of 
the suspension and the resultant mechanical strength of tho 
product. The theoretical water consumption for the rehydra
tion of eemi-hydrate to dihydrato is 18.6 %. In practice,
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Оhowever, for the attainment of a normal consistence of у

3ua3 fox* the building industry 50 - 70 f> water ere r aquiree , 
for h; jh a irer.gth v ’ -Gypsum pier ers tho corr-c. cnl::y: fi
gure is JO - h.O (i* Thro for this • ::acr. Lv.-loned c s .l 
dried gypoum planter prelect crf.ii' ito a high perooity which 
roaches valuos of 40 - 60 Z end even higher.

Tho quantity of water contained ia the fro eh product 
does net, however, influ :ncc- only ita resultant mechanical
properties, but aloo tho heat con optica for the drying of 
tho product in tho final phcca of .ho technological process.

A pronounced property of gy; cun piaster is ito rapid 
Getting. Because of thio very property it hao found broad 
applications ia building profubrication and other fields 
(modelling, preparation of moulds. castings, etc.). The en
tire sotting process is generally cividcd into two phcocs - 
tho beginning of Dotting which in cyuicb-eettirg gyp о un plcc-
ters oscura as a rulo within 3 - Ь minutes, and the end cf
setting which is usually in the range of 13 - 25 minutes.

Tho mechanical strength of tho hardened gypsum plaster 
is undoubtedly its moot aignifi-ant property, finco gyp" 
a an plaster products c.re ao a rule each from a gypoun pico
ter pasta which contains essentially a larger quantity cf 
water than the theoretical water cenounpticu for hydra tien 
(the water-gypsum plaster ratio ic gororally 0.6 - 1.0), 
tho mauo-up water quantify crortn a considerable influcnco 
on tho final strength of tho gyps’vn plaster after prceccc- 
ing. Onto one gram of oeri-iydrato oro bound in tho colid 
phase 0.10 grans of water, i.o. conversion, onto gypoun rock. 
If there will bo more water in tho ouopenoion, it will re
main unroacted in tho spacos between the dihydrato crystals. 
After hardening tho wator ovaporatco and lcavoo behind а 
continuous network of pores. Since tho voluno.of tho oyatom 
does not chango during the proccoo of hardening, it is poo- 
sible to illustrate tho volume ratios by tho diagram which 
ia shown in Fig. 11.
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Fi3 .ll. Schoma o f  gyp sun p lan ''":: hardening 
waror-ayrcuu. ol::ii; ,j ;io 0 95i Vr* n VH -voluLo o c ^  ..vo $ *"2

-vo lu n o  o f  d ih y d r a te 5

v o 1 pre of we. por

The recultant porco 
by tho water-gypcun plant 
gran of gypaua piaster).

: j n :.a time c.ncnb igucan2y cctoroinod 
* ratio w (cuartity cf water per 
oa tho opccifie valivaoo cf the par

ticipating oabotoncca can. then bo derived that porcaity
> 11 u w  O  3 O

The 3 trengih which io gone.:ally 
the gypoua plaoter the root irpertont 
tivoly oiaply related to porosity. It

where and p,.„ are constants.
Since porooity ic doterrined by 

ratio, the dependence of tho atrength 
analogical relation

f e r  the application of 
property, can be rcla- 
holao truo that

tho uatcr-gypoun placter 
can be cnprooood by on

■ J 1q rr i!.fi_0^ 6. -LO° w - 0.1p + log p„ ,1

Thuo to attain high atrength aoana to rednee tho vatcr- 
-gypenm plaoter ratio* Tho latter can not, hov/evor, bo rodu- 
ced arbitrarily oinco for tho proccooing and application of 
gypoura plaoter a certain meaaure of workability of tho start
ing suspension (paste) ia roquirod, i.e. viacosity, plasticity,
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F±g«12, Dapndonca of harderad gy ;um rlasfcar suspensions 
on tko porosity- (oitor d -'ins%A — cj. gypsua placlsr wi m corpuscular particles; 
B - cL, gypsum plaol'or wild noedlo particles;- 
C - gypsum piaster

*>
8. Gvnrum oleater products

1\.' ' "£hb building industry is undoubtedly tko Largest con
sumer of gypsum piaster duo to its good workability end the 
good properties of the final product, Luick sotting predeoti
nea gypaun plaster for procoooing in an induotrial runner 
to prefabo.

Tho development of tL:o induotrial processing cf gypsum 
p' aster took place especially after tko Cocoral boric Y.’cr. 
Developments were orientated especially to those countries 
which have sufficient here resources of natural gypsum rock 
(USA, Canada, Great Eritain, France, the Federal Republic of 
Germany, the German Democratic Ropubl-c, the USSR, Poland, 
and others). In the sixties thon occurred a rapid develop
ment of the gypsum piaster industry in Japan which, o.. cour
se, started to expand on the basis of utilization of by-pro
duct gypsum.

In the postwar years bogan in a number of countries the 
production of a wide range of gypsum plaster products for the 
building industry. In the course of the years there occurred, 
however, on the basis of technical and economic experience 
of leading world companies (US Gypsum, GebrUder Kauf, Kai
ser Gypsum, British Gypsum, national Gypsum, and others),
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a narrowing down of the range of g psum plaster products for 
the building industry which is at present to a large part 
limite*. to the following-
- partition elements fro: i cast gyp3um plaster,
- largo-area thin gypsum plaster board (gypsum-carton board 

and gypsum-fibre board',
- decorative and sound insulation panels,
- gypsum plasters for mo* hanical applications (as a rule 
lightweight with light fillers),

- auxiliary gypsum plast* r masses which make possible a 
trouble-free erection if the products.

Wall panels from ct st gypsum plaster and/or gypsum plas
ter concrete, often also lightweight in the form of cellular 
gypsum plaster, have for both technical and economic reasons 
found no general application in the maos building industry.
An exception forms here, however^ the USSR where gypsum plas
ter préfabrication has reached a high stage of development, 
but mainly using gypsum-plaetor-ceccnt-puzzolana binders.

In ehe field of caet gypsum plaator elemonta arc to
day under Europen conditions boing utilized almost exclusi
vely elements with a size of 666 x 500 cm and a thicknocs 
of usually 6, 8 and 10 ca; tho thicknosa tolerance is + 0.1 
mm. On tho elements periphery oro fo^mod tonguoo and grooves 
hich makes erection much eaoior and moro occurato. Tho di
mensions are selected in such a nay that 3 elements corroo-2pond to an area of 1 o .

For the production are onployed almost exclusively 
compartment moulds which are not dismantled; the finished 
products are pushed out hydraulically from these compart
ments. Sines the walls of the individual mould chambers 
are made from a very hard material and are polished, also 
the products exhibit an absolutely smooth surface.

The moulds are supplied with a differing number of 
chambers (8, 16, ¿4, 32); the operating cycle depends on the 
setting time of the gypsua plaster. As a rule, 4 to 5 cycles 
per hour are attained. This moans that e.g. a 24 compart
ment mould will produce with a 5 cycles per hour rate in 8 hours 

24 x 5 3C 8 * 960 pieces » 320 m^.
In this case the actual moulding plant is operated by one 
worker.
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In some countries have previously also been manufactu
red «rtition elements, the ler.̂ v.h of which corresponded to 
the .üXght of one floor, the width vas usually 60 cm (Uessrs. 
Samioux, France). The elements v/ere made either from pure 
cast gypsum plaster or from lightweight gypsum plaster with 
longitudinal cavities and with the addition of light fillers 
(Hungary), respectively.

Wlith regard to the great L’iak of damaging these elements 
both during transportation and oroction, for which with re
gard to their weight erection equipment was required, In re
cent years was observed a decreaoo in tho interest for this 
type of elements.

To the group of large-area thin board materials belong 
in the first place gypsum plaster carton-board, consisting 
of a gypsum plaster core provided with a shell from a speci
al carton in the function of an outer reinforcement, and 
furthermore gypsum plaster fibrc'ooord, reinforced in the 
mass, as a rule with cellulose fibres.

Gypsum plaster carton-board is undoubtedly the most 
progressive gypsum plaster product. The simple production 
technology makes today pos3iblo tho building of highly me
chanized lines with a yearly capacity of 15 - 20 million 
m^, related to a thicknoso of 9«5 (1.0) nm.

The production of board of this type has today in a 
number of countries (UdA, Great Britain, Franco, the Federal 
Republic of Germany, Sweden, Finland, Japan, Australia) 
already a relatively old tradition; other countries aro 
gradually introducing this production.

For the manufacture of gypoum plustor carton-board is 
gunerally used stucco gypsum plaoter; during the last p ri- 
od also gypsum plaster obtained from by-product gypsum is 
being introduced.

The second basic raw material is a special carton with 
a square weight of 350 - 400 g/m and a thickness of 0.6 mm ; 
upari from that, further stringent requirements are placed 
on this carton, e.g. rigidity, vapour* permeability, mainte
nance of flatneas, sufficient strength in the moist state, 
and others.



Additional raw aate.-ula «„an bo setting retarders end 
accelerators, respectively and furthermore fibrous additives 
o.g. a -ip suspension ob-uiuod tho pulping of was to papor 
or on a„. .ition of gluos fibroo (bun, Fedorai Republic or 
Gcranny 3 Gorman Democratic Republic), employed eopeciaily 
iu the production of board with an increased fluno resistance 

‘i'he machinery equipment is generally manufactured in
oovdi’ui cupueicy vei*o_ons:
cT '.our thousands m'Vduy millions

-pO 6 1.5
: .0 >2 3

1 ,CdO 24 6
I ,200 23.2 G
1 , buG 43 12
2,400 57-6 n

2

La tony information has also been published about a line with
a capacity of 20 million : .'Vyoar.

file basic toehnslog „cal data about the consumption of 
ran materials and pomor arc as i'ollowa;poeni-hydruto gypsum plaster, kg/a 7

Owater, iitroj/n“ 6
A 2 • 2 carton, a /u 2 oto2heat consumption, keal/m 4,500

electric power consumption, LJh/m4' 0.3
ro«.juirod nuaboi'’ of workers per shift 6

'fhe production range includes boards with differently 
shaped edgoo; also various typos of cut s_uou (base for pias- 
tcroy or poi’foratod board for acoustic as well us docoruti- 
vo liming of walls and ce_iings are supplied. Tiio board 
thickness u  us a rule 9*5 - Id im, the width usually 125 cm, 
the length (depending on thickness) is 200 - 400 cn.

in great detail have boon wormed out erection aysteno 
f«cr all ...etin-Js of utilization (wall and coiling linings,
«lone ohupuJ _ower ceilings, partition walls, acoustic linings 
fire protection linings, etc.) and generally togethor with 
the deliveries of board for a certain purpose are simulta
neously supplied also ull eroction aids, including cements, 
bandages, etc. Large companies (Knauf - FRG, British Gypsum 
Limit cd - Gruat Britain, and others) have training centres
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where they i:i3tract eviction cro'. ; of the customers how t j 
correctly handle tile . ard. All this contributes very csi i-
derubly to the 
of -voruu olaoter car :n- u...

•ry bread utili::. 
beilc:.:- *; iiv.V: t:

.:.c

To this should . till ho ex'c.: 1 that tarry fcrci'n cor; e- 
niea have also introduced the production or eleaerts from, 
gy psua. piaster carton-bocrd which. comic to cf a core (to 
rule a paper honeyeem , expended oo;!ysterona, etc.) coated, 
on both sides with gy: cum piaster cnrton-borrd.

With, regard to . he fact that for tho production of yp- 
sum plaster carton-bo; ;-d high quality special carton in ^ an- 
titiiS of approximate.'y 1.5 Eg/n^ ia required, endeavours 
have been made all ov>. r tho world for a number of years t ■ 
replace the carton with a cheaper raw material, leas erne - 
ing 13 regards quality. Essentially this conns c transition 
to a hoiLSgeneoua dispersion of fibres into the gypsun plan
ter rasa. Here we cay be concerned with inorganic fibrcc 
(glu33, mineral fibres) and organic fibreo (of plant and 
animal origin and synthetic fibres).

The application cf glass fibres requires an entirely 
different technology (llagit - Cl.l). Tho experience gained 
with both mineral fibres and synthetic fibres has not been 
too favourable. Animal fibres arc really of no practical 
significance; thus rociin only plant origin fibres which can 
be United to pulp fibreo. For reasons of cost it is attract
ive to utilize above oil waste paper.

As regards the contemporary stato cf the production 
technology for gypsum plaster carton-board abroad, the first 
factory was built by tie forner company ISELhA in Eriarc 
(France), later Poliot and Chaucacn on tho Laois of a pa
tent of Messrs. Knauf (FRG) in tho years I960 - 69. Hero 
was tpplied a wet cuopjn3ion technology togother with the 
Halscnelc moulding machino with a capacity of 1.5 million 
m^/year. The commisoioning of tho line was acconpaniod by 
great difficulties; no detailed reports have been receivod 
recently whether this plant produces or not.
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The dry production of gypsum plaster fibreboord is 
basically a simple matter; it has, however, its difficulties 
and problems that are given by the basic raw materiu-' - gyp*" 
sum plaster*

Waste paper which is employed an reinforcement, is first 
cf all separated in a hammer crusher; the separated p 
is placed into an intermediate storage hi» and shrei*’ d in 
a dry state. The fibres obtained are pneumatically cor.v«yei 
into a bin with the simultaneous separation of Lnaufficient- 
ly shredded fractions which are returned into the first in
termediate storage bin. The conveyers feeding the two grind
ing mills are provided with magnetic guards.

The gypsum plaster is stored in silos that . j*c filled 
either pneumatically or via an elevator. During th< extract
ion of the gypsum plaster for the preparation of tr.; dry 
mix with the fibree is added from a separate tin g.*oun' gyp
sum rock to accelerate setting. All the three cot.ponesi • a 
(gypsum plaster, gypsum rock, fibres) are thoroughly mixed 
to give a homogenous mixture which is conveyed /is a screw 
into the working bin of the feed equipment which spreads 
the mixture onto the moulding conveyer belt. After the re
quired layer has been applied, it is moistened with the ne
cessary quantity of water and continuously prr<eaed to the 
required thickness. After setting, the strip trimmed on 
both sides and laterally cut to the required lengths; the 
obtained board is then rapidly fed onto a travelling plat
form and inserted into the individual stages of the dryer.

If required, thickness calibration is cart led out af
ter drying; the ground off material is returned into the 
gypsum rock bin.

Out of the most important technical and economic indi
ces can be given the following:
Consumption of raw materials, water and energies i >r 1 m^.
thickness 10 mm:
- consumption of gypsum plaster 8.‘, k^
- consumption of wa*te paper 1.7 k,<
- water consumption 5.5 litre
- fuel oil consumption 0.5 1; tre
- electric power consumption 1.35



A very important technological operation in the manu
facture of gypsum plaster elements and board is their drying, 
i.e. t.ie removal of the excess mate-up water which does 
not enter into the reaction with the binder. At present, 
drying in the factories is carried out in artificial drying 
'plants, usually with hot air.

The entire process of drying gypsum plaster products 
can essentially be divided into individual sections which 
differ from one another in the character of the change of 
the moisture contents of the mass, in the rate of drying 
and in the temperature distribution with regard to the cross 
section of the dried product.

The drying process is shown diagrammatically in Fig. 1J,

dryl£3

Fig .lJJ. Hrylag-rate oorvo of planter prodcata

Preheating corresponds to the time section when moisture re
moval in taking place simultaneously with the warming through 
of the material. In this section the temperature of both 
the surface and inside layers of the material is increased 
up to the preset value which is close to the temperature of 
the wet and dry bulb thermometer - paychrometer. The subse
quent change to the moisture of the point K 1 which is called
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the first critical point, proceeds in a linear manner; th j 
is the so called section with a constant drying rate, tieyi id 
the point K 1 , tho linen* chmgo of tha moisture content f 
the material is converted into a curve which epprc_chea 
asymptotically the equilibrium noioture; this is tho so c: 1- 
Itsection of the diminishing drying rate. From the criti
cal point K 2 the temperature of the material then begins to 
rise rapidly and approaches tho temperature cf the ambient 
environment.

Tha evaporation of moisture from tho surface of the 
product depends on the moisture difference between the sui • 
fac2 and inside layers; this difference causes a shift of 
moisture towards the surface from tha bottom layers end at 
overall reduction of the moisture of the material. In the 
course of tho period of tho constant drying rato, this trans
fer cf moisture to the surface via a system of capillaries 
prcceods continuously and tho layer bordering on the heat 
tranfer medium (air) has sufficient capabilities for provi
ding a constant rate of moisture removal.

After the first critical point ha3 been attained, tbo 
rate of drying is reduced due to a lower oupply of moisture 
into the outer layers. Then there occurs tho second criti
cal point when the moisture evaporation zone is transferred 
into the depth of tho material.

During the period of drying with a constant rate, the 
main part of the moisture is removed from the gypsum plaoter 
products. With regard to the intensification of the drying 
process, this period can proceed at higher temperatures of 
the drying medium, since the temperature of the material 
itself is increased only slightly during this period and 
does not attain a height, at which there could occur dehyd
ration of the dihydrute.

Greatest attention should be given to the transition 
into the period of the decreasing rate of drying, especial
ly after the attainment of the sec* nd cr itical moisture.
A rapid increase in the temperature of ths material, caused 
by a shift of the evaporation zone into the depth of the 
pores and capillaries, can easily lead to dehydration of 
the gypsum plaster on the surface and especially on the cor
ners and edges of the products. The effectiveness of dry
ing is thus given by the temperature, moisture content and



. a e  j . ^ ; O S. V ̂ —i **J I* ^ C - V-, - * - o ------- 1 L  ::: -

_ .3 d r y  i r .  J  o f  L ' C e r d ■ r - l u c i r ;  i r '  ̂ i ____L - _» —* 2- 0  Í—. ' d, t*

't - - f : e r r  - h i e • • ■> r" 1  : • t h i n  o  r o n e o

u l n t - d  n o i a  f r e e  r u .

r  t h e  c f  t h ■ • • t "* ' J -• . i r  :. r  o i l  . . . 1 3

i ' r  y  o r e  a r e  o  p  1  o y  c  d , c\ C - ' o r n  i l u t i l o  o f  t *' ;

o d r u n .  I n  t h :  :  c : • a  ■; r  r  c  r i e  e  c .  t i - o  t ' i  : i d o

' . ■ - • n o i  r - S t h  ( ‘. a l i e ■. r  . - n  ; r . a  - i  rice o r '  1 1 . o  ¡ r . . m i a i

J  3  _ v.' • l u d  )  t h e  h o t  O O P r  .!  i n t i ' c l c o d  c o u n t  : v - c u r r  -  i. t -

- J  C-l-U . a  t h e  l o o t  t h i r d  c e - c u e r o n t l y  . I n c .  o r .  3  i f  l e d  c r y  -  - 1

__’■ 3 p e r ù t o  o n  t h e  c o - c i r  l o  e n d  i r  t ù i e  c r o e

3 0  i : i c u i n j  t o n p o r a i u r o  o . ' r i  c r y n y r C. \ t J 2. - ‘
.1̂' . ^ U u p  t o .  e - ; 0  C r i t o  .. .  C i n u l t r . i l I I i o  i n c n c c . c e  c f  i t e

J Í 0  i. r . r j  c o n t e n t  t o  ICO - 1 0  j / r j  c f t i  1 0  d r y  n r - l i ’ " U „

V_ ,f  e x t r a o r d i n a r y  l a p . r r  I c O  i r  i _C C C r  - O C  Cf - - C i '  - .— „ w*“

i m 0 f .a t 11...i •aCjoo lie r -• «> —■io le a i - - n c f h icn er ten;. : . Cl—

tu re 3 •2 .to  t i e .-fpoun p ia r :•wl end th j I t - roo or I -01.e tur a c f
T. .10 : .UCt3 da r in s  th o i l Ì T *-‘.dual v__ J •* _> p wr i d  ; , cope ..i a l l y
in  t s.e IO Ìli L i y of the e . t.ic 3.1 po 2.li v3 * - ' f i n a l  ::.oior.
o f t - . oard mi J  o lo r.Ia te  :_ :o nld a J r .’ill e r. et cuca ad o

-- . inpor.. - .I t  pa_ t of *- ! -J C C*.i — J c- ¿ yp ci.i pIn o t
prod 2'. i fo ra  i n c o r ta rn r..' - r i c j CJc Jl'U'¿i'/o f a c i . . C bet. ti
end e JC .3 t i c  in r u in tic a OC/v ... 1  ̂uo

- . the Ce3 0 o f  d jCO-V 'C..v o L o: ■? v.e a;. o ¿ - r o í 1 1--J C021—
ceri. JL ith ay rureo od 22 Ú .3, th ic '-r Ju J 5  - f C*2 J V»J  a 'V 3
type eh are provide'1 on ■+\JO o i l ■ ■ Ì .t.: a -"■o --- oa t '..'0
r -do r ell Cl w 30V0 to fee : 1r o C,1 Ú,e -io » * o ino beard a r r -
faCC ** j d ivorce ly prof .led A ■'u . .d / o r p o i . - o r a t O - . »

-i- ioy a r d 3 oound i n o : í M lien boa * ; t h e inn or apace
cf t** > overeo aide of the be;e n d  i o  ,y r a i l y  f i l i e d wit h

a  s 1 a 33 or nine rol w o o .. mat which i o u me rally cuci o u o d ¿.Cl

a th- n ontiio f a b r i c . -

c rd cf f h i o  t y ; r e  h r J found c e 1 lidoraelC app_ice i- cao
i n  t h a ui'uen Deiuocrat c Rv p u L l i c , f o y m i and i n  t l : j U C f ) . L
when CJ t Gv/evor, board «rf ler^cr drno n0 .„ . O r 3 1o panul'.e o farad.

j '-r mounting onto both wullo and coiling0 Q detailed 
t.rectio.i proceduro boo boon worked out, includine the rele
vant erection aido.



- 49 -

In many countries gypsum piaster is also being used 
for plasters which are characterized not only by high strength 
and a high aesthetic effect, but also by a great durabili-

• 9ty, insulation properties and fire resistance. Here we are 
usually concerned with a mixture of gypsum plaster and li
me, sometimes only with pure gypsum plaster.

The development of gypsum plasters has in recent years 
been characterized by an increase introduction of plaster 
mixes with a lightweight filler (expanded perlite and ver- 
miculite) which are generally prepared industrially in a 
separate production plant and brought to the building site 
already in the form of mixes. Plaster mixes with lightweight 
fillers have sufficient strength, a good workability and 
are characterized by much more favourable thermal insulating 
properties. In a number of cases they are also employed for 
fire prevention purposes; in this case they are applied on
to wire nettings. The most advanced countries in this re
spect are above all the USA, Great Britain and the Federal 
Kepublic of Germany.

In connection with these gypsum plasters it is necessa
ry to mention also their machine application; various spray
ing equipments have been developed that make possible the 
transport of the plaster mix through a pipeline up a height 
of several floors; this simplifies the work and in connect
ion with the simple application by spraying (spray gun) 
speeds up considerably and enhances the quality of finishing 
operations on the building site.

To auxiliary gypsum plaster masses - cements - is ds- 
voted the following chapter.
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9. Gypsum plaster cements
For the joining of gypsum plaster elements from cast 

gypsum plaster, for work with gypsum plaster carton-board, 
or far joining gypsum plaster products with other building 
materials are most suitable gypsum plaster cements.

It is recommended to cerry out surface finishing ope
rations on gypsum plaster element), possibly also on elements 
from other building materials, with the aid of gypsum plas
ter spatula masses.

These gypsum plaster joining and spatula materials are 
generally made by the manufacturers of gypsum plaster or 
gypsum plaster products under various trade names and for 
diverse specific applications. Their production is a precon
dition for the successfu1 assembly and erection of elements.

The basic starting component for their production is 
usually semi-hydrate gypsum plaster, the properties of which 
are, however, modified by various additives; especially 
the following are involved:
- rheological properties,
- water retention in relation to base,
- adhesion to base,
- period of workability,
- volume changes on setting and hardening,
- mechanical strength,
- resistance to mildew,
- anticorrosion properties.

The rheological properties are generally improved with 
the aid of:
- cellulose ethers (alkyl-, hydroxyallsyl- or carboxy alkyl-),
- ethylene based polymers (polyvinyl alcohol, polyacryl amide),
- natural macromolecular substances (glue, starch, gum, 

glutine, alginate) or materials obtained by the treatment of 
natural macromclecular substances, e.g. starch (ethers, 
estersd, dextrine),

- surfactants, i.e. non-ioaogenoaa or anion-active tensides 
(alkyl- or aryl-sulphonates, addition products of alkenoxides 
with fatty acids, alkohols and am&nes or phenols),

- various mineral additives, such as e.g. ground limestone, 
dolomite, kaolin or even gypsum rock.
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Water retention is the capability of the water suspen
sion (paste) applied to a suction base to hold back in it
self the water. This capability is one of the most important 
properties of these materials, since it makes possible the 
maintenance of the paste workability right up to the moment, 
when the gypsum plaster begins to set. As the most effective 
substances for this purpose have proven themselves practi
cally only cellulose ethers, and out of them above all methyl- 
cellulose. It is also recommended to employ for this purpose 
a urea-formaldehyde preconcentrate.

An improvement of adhesion to the base can be obtained 
by the addition of cellulose ethers and polymers on the ba
sis of ethylene and its derivatives.

The period of workability depends on the water retent
ion and on the beginning of setting of the gypsum plaster 
present. Mostly we are concerned with a prolongation of the 
setting period; the employed retarder must not reduce the 
strength of the hardened ypsum plaster, must not form efflo
rescences ar' must be effective in small concentrations 
(0.01 - 0.1 %). As setting retarders are for this purpose as 
a rule recommended hydrolyzed proteins, sodium tripolyphos
phate and furthermore cellulose ethers containing alkyl and 
carboxyalkyl groups which at the same time increase the wa
ter retention.

At the same time, the employed additives must not endan
ger the soundness (stability of volume) of the gypsum plas
ter during setting in the form of a cement, nor the mechani
cal strengths.

In certain cases the gypsum plaster based cement mate
rials have to be resistant to mildew; this can generally be 
achieved through the addition of organic tin compounds.

Since gypsum plaster cement materials” often come into 
contact with the metal supporting construction and with me
tal door frames, respectively, it is necessary to increase 
the pH of the paste prepared by making up the cement materi
al with water. This is usually achieved by the addition 
of a small quantity of Ca(0H )2 which at the same time influ
ences favourably tha solubility of the employed cellulose 
derivatives.
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Gypsum plaster cement materials with satisfactory pro
perties can generally be obtained by the addition of 1 % 
methyl cellulose, 1 % Ca(0H )2 and 0.2 % leer a tine retarder of 
the setting process to the ,>Vsemi-hydrate gypsum plaster.

The composition of these materials is as a rule the 
subject of commercial interests of the individual companies 
and is not quoted in the references.
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10. Utilization of gypsum rock in the cement industry
Portland cement clinker, ground to the relevant fine

ness without a setting regulator, seta mostly in contact with 
water rapidly. In order to attain the current values speci
fied by the standards for the beginning and end of seating, 
it is necessary to add during grinding a certain small quan
tity of a regulator - setting retarder.

The reaction kinetics of the action of setting regula
tors has already in the past been investigated by various 
authors. Candlot, who was among the first researchers in this 
field, postulated that calcium sulphate or calcium hydroxide 
retard in the solution the hydration of Cyt and thus cause 
a slowing down of the setting process.

Forsén was the first to present an overall general re
view of the action of setting retarders. Based on studies 
of the concentration of the individual ions in the solution,, 
he arrived at the conclusion that the setting regulators in
fluence the solubility of the eliminates. Forséfl divided the 
setting regulators into four groups in accordance with the 
type of curves (see Fig. 14) obtained in the system beginning 
of setting - quantity of additive, as given below:

I. CaS04.2H20, Ca(C103)2, CaJ.¿,
II. CaCl2, Ca(N03)2, CaBr2, CaSC>4.1/2 H20,
III. Na2C03> Na2Si03,
IV. Na3P04> Na2B407, Na3Aa04, Ca(CH3COO)2.
In the presence of Group I regulators the solubility of 

the aluminates is low, even with a higher content of the lat
ter. The solubility of the aluminates in the presence of 
Group II regulators is low, but in case of a low content
of the latter. With a higher content, however, the solubility 
of the aluminates again rises and the retarding effect va
nishes. The Group III regulators act in a similar manner as 
the Group II regulators. With a low concentration, the alumi
nates remain insoluble, whereas with an increased concentrat
ion of e.g. Wa2C03 there occurs in the presence of Ca(0H>2 
their dissolution. The Group IV regulators then practically 
prevent altogether the setting and hardening of the cement.
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in present day industrial processes there is only one 
significant ceiuent setting regulator, i.e. calcium sulphate, 
above all in the form of the dihydrate CaS0^.2H20.

As far as the mechanism of action of gypaum rock in the 
setting of cement is concerned, there practically still holds 
true the theory formulated for the first time by Michaelis 
and confirmed by Kühl. According to this theory there occurs 
during the contact of cement with water an immediate hydrat
ion of CjA with the formation of hexagonal C^AHj^ which is 
unstable and is transformed into the stable cubic form 
CjAH^, in the Term of colloids with a very high water con
tent that cause setting. In the presence of gypaum rock, 
however, is formed first of all metastable aluminate-hydrate 
3 Ca0./ii20^.3 CaSO^.32 H-,0 - trisulphate, Ettringite, Gan- 
dlot's salt which crystallizes from the solution in the form 
of needle-shaped crystals, thus retarding the beginning of 
the setting process, until either all the ¿0^ ions are con
sumed until the actual setting covers up this reaction.
Jut already Michaelis found out also the destructive effect 
■;f this trisulphate and called it therefore the "cement 
„ acillus".
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During the hydration of C^AF are formed according to 
American and Soviet authors aluininate-hydrutea; in. the pre
sence of gypsum rock also calciun-aluminute-sulphates, i.e. 
beside trisulphute, identified by Lerch, Ashton and Bogue, 
also monosulphate JCaO. A^O^.CaSO^. 1 21^0.

Out of numerous investigations carried out for the pur
pose of clarifying the action of gypsum rock, should be men
tioned especially the work of Lerch, according to the results 
of which the necessary 30^ content influences as a setting 
regulator not only the Cyt content, but also the fineness 
of grind and the alkali contents, especially the Na20 con
tent. For these factors determined O.F. de la Barona, with 
a SO-j content of 2.5 - 4.0 %, the following values: 0.8 % 
alkalis, 8 % CjA and a specific surface according to Blaine 
of 3,250 cm*Vg.

As regards the mechanism and formation of aluminate- 
-sulphate hydrates, J.D. Ana and H. Eick have found that 
with an increasing gypsum rock content is decreased the mono- 
sj&hate content, for the benefit of trisulphate, until the 
former almost vanishes, and with a sufficiently high 30^ 
cobtent only trisulphate is formed. The SO-j concentration 
in\ths solution is markedly increased only when all the mo- 
nosulphate has been converted into trisulphate.

For interest's sake it can be stated that somo authors 
bel:.eve that triaulphate is not otable and is decomposed 
after a certain period of time with the formation of solid 
solutions with aluminium hydrate and CaCOH^ that correspond 
in jbomposition to monosulphate. But other authors state con
versely that monosulphate is a metaotable form which in 
contact with water that contains dissolved calcium sulphate, 
is/gradually transformed into stable trisulphate.

But generally prevails the 'riew that the final product 
of the reaction between C^A and calcium sulphate in an alka
line environment is always trisulphate.

It follows from the above brief summary that the calcium 
sulphate content playa» with regard to the C^A content, a 
primary role in the setting of the cement, mainly during 
the first initial period, and thus influences to a conside
rable extent also the strength of the cement, beside other
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equally important factors which are the alkali contents, 
the fineness of grind and the storage temperature.

The task of calcium sulphate is directly linked with 
the solubility of its individual hydrates. If the cement

• contains the more soluble semi-hydrate, there occurs an in
stantaneous superseturution of the solution with calcium

' sulphate which manifests itself by a so called false setting.
Prom the point oe view of cement manufacture is of 

great significance the fact, to what extent can gypsum rock 
which is present in the cement, be dehydrated without a harm
ful influence onto setting. The Polish authors Sulikowski 
and Piechowicz have found experimentally that the furthest 
limit of gypsum stone dehydration to semi-hydrate is 60 %•

With regard to the genesis of the gypsum rock resour
ces is for the utilization also of importance the anhydrite 
content. Laboratory tests have shown thatjany quantity of 
anhydrite im the gypsum rock it^solf influences neither sett-

. ing nor soundness. It causes, however, an inoreasa of the
water quantity for a normal consistence which in its conse-

* quences negatively influences the strength of the cement.
This circumstance led to the conclusion that the anhydrite 
content in the gypsum rock should not exceed the limit of 30 %•

As regards the optimum SO^ content in the cement, this 
value lies in the region of 2.5 - 3-5 %; this is also speci
fied in the standards for cements in most countries. But 
since the optimum 30^ content is dependent on the G^A content, 
there manifests itself in recent years in certain national 
standards a tendency to introduce a standard limit for the 
30 ̂ content in accordance with the C^A content.

A number of authors have dealt in recent yeare with 
the pi'ObLem of possibilities of utilizing by-product calcium 
sulphates in the function of cement setting regulators. At 
the same time was naturally investigated also the influence 
of the contents of the present potentially dangerous sub
stances (water soluble Po0c, fluorides).

It was proved quite definitely that by-product gypsum 
of the usual quality can be employed in the function of a 
cement setting regulator; but the quantity of thia additi
ve is generally reduced from the usual 5 - 6 % of gypsum



Class 1 
Class 2 
Class 3 
Class 4

rock to 2 - J * of by-product gypsum. This fact is due to 
a different crystalline structuro, from which follows a high
er solubility.

For your general information it is possible to present 
a classification of gypsum rocks for the production of gyp
sum plaster binders and cement according to the Internatio
nal Standard ISO 1587 (1975). This standard specification 
divides natural gypsum rock into 4 dosses according to the 
dihydrate contents Tg :

Tg 90 ft
80 Tg 90 *
70 <  Tg <  80 ft
55 <1 Tg / 70 ft .

The higher quality classes are os a rule utilized for 
the production of gypsum plaster, the low ex* grades aa cement 
setting regulators.

For the sake of completeness should be mentioned thot 
in 1966 was published a tentative draft of the Document 
ISO/TC 74/SC2 (U.K.-3) 63 Draft Prcpooul for an ISO Recommen
dation “By-product Gypsum”, put together by A.C. Tallentire 
from ICI Ltd. This material lists tho following criteria for 
the chemical composition of by-pxoduct gypsum:
Combined water - This shall not be leoo than 17.5 ft of the

weight of gypsum.
- This shall not bo grouter than 20 ft of the 
weight of gypsum,

— Shall not be less than 42 ft of the dry gypsum.

Total loss on 
igniti on 
Sulohur trió
xido content 
Calcium oxide 
content

- Shall not be less than 2/3 of the sulphur
_______ trioxide content.
Total phosphate- Expressed as **2̂ 5* Thc total ^2^5 content 
content

Acid ity

F Luorine 
content (F)

shall not be greater than T.25 ft based upon 
the weight of gypsum.

- As a partial measure of the soluble P.,0̂  con
tent (phosphoric acid‘.monocalcium phosphate), 
the acidity when determined by the method gi
ven, ehall not exceed 50 mis of N/10 sodium 
hydroxide.

- Shall not exceed 1.8 ft by weight, based upon 
the weight of dry gypsum.



Iron and
aluminium
content

Organic con- 
tent

- Expressed as j: the combined iron 
and aluminium content as expressed as f^O^ 
shall not exceed 1.1 % by weight when based 
upon the weight of dry gypsum.

- Expressed as carbon (C). The carbon content 
shall not exceed 0.1 % by weight of the dry
gypsum.

In accordance with currently available information, no 
further work has been done by the relevant ISO Commission on 
this draft.
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11. r e s t i n g
The testing of gypsum plaster serves to prove its quali

ty in the sense of the technical requirements of the quality 
standard; in production it then oerveo for the control of the

* technological process.
Out of the fundamental properties of gypsum plaster 

which are as a rule stipulated in the national standard spe
cifications, the following can be listed:
- fineness of grind,
- quantity of water necessary for the preparation of the gypsum 

plaster paste,
- beginning and end of setting,
- linear changes,
- hardness,
- tensile bending strength and compressive strength,
- chemical composition.

The fineness of grind is generully determined as the 
t rest on a sieve with an appropriate inesh size. The mesh si

zes are in accordance with the standard specifications of
* various countries usually 0.09; 0.2; 0.5; 0.8; 1.0; 1.25 mm. 

Screening is generally carried out in the dry state; since 
the gypsum plaster clogs on screening especially the fine 
sieves, sometimes screening in isopropyl-alcohol is chosen. 
Before the test, the sample to be tested must be dried; the 
drying temperature should not exceed 50 1 2 °C. The fineness 
of grind is expressed as the rest on the relevant sieve in 
weight per cent.

The quantity of water required for the preparation of 
a standard gypsum plaster paste is determined in accordance 
with the standard specifications of various countries as a 
rule as
- the water-gypsum plaster ratio,
- bulk quantity,
- standard consistence.

The water-gypsum plaster ratio expresses the weight 
relationship between water and gypsum plaster.

' The bulk quantity is a quantity of gypsum plaster which is
thoroughly wetted with 100 g of water. The procedure is aa 

1 follows: into a metered quantity of water is poured at a



determined rate gypsum plaster up to the moment when the 
gloss of the water level disappears. The result is the avera
ge value out of three determinations which do not dirfer from 
one another by more than 5 grams.

The standard consistence is determined by pouring out 
the cake, the penetration of a steel ball through the paste 
or the penetration of test cylinder of the Vicat apparatus 
through the gypsum plaster under te3t.

The pouring out of the cake is tested either with the 
aid of the Jouthard cylinder or the conical test mould of tne 
Vicat apparatus. The test is repeated with a different v/ater 
quantity, until the diameter of the gypsum plaster cake, 
stipulated by the standard specification, is obtained.

Analogical is the procedure during the testing of the 
penetration of a steel ball (diameter 25-4 mm, weight 66.7 g, 
height of fall 254 mm) through the gypsum plaster paste, as 
well as during the determination of the gypsum plaster pas
te density with the aid of the Vicat density determination 
cyli J r with a diameter of 19+0.1 mm and a total weight 
of the moving parts of the apparatus of 50 + 0.5 g.

The beginning and end of setting is generally determined 
on a gypsum plaster paste of standax-d consistency. For prac
tical purposes is often employed the teat on cakes. The be
ginning of setting is characterized by the time from miring 
the gypsum plaster with water up to the moment when u cut 
with a knife into the cake no longor clooas itself. The end 
of setting is then the moment when thumb pressure applied 
to the cake surface no longer causes an imprint.

Exact is, however, the Vicat method which utilizes the 
Vicat needle with a diameter of 1 + 0.05 am, with a total 
weight of the moving parts of the apparatus of 300 + 0.5 g.

l'he beginning of setting ie given by the moment when 
with a free penetration through the gypsum plaster paste 
the needle no longer reaches the watch glass, on which rests 
the jonical mould. The end cf setting is determined by the 
instant when the needle does not penetrate into the teat 
specimen surface deeper than 0.5 mm.

Linear changes are generally tested with the aid of 
the braf-kaufmann instrument with a dial indicator. The tests 
are carried out on specimens 40 x 40 x 160 mm, provided



with metal measuring contacts; the specimens are prepared from 
a standard consistency paste. The testa are generally carried 
out in accordance with a preset programme, in which are spe
cified the storage conditions (time, humidity, temperature).

Hardness is usually determined from the diameter or 
depth of the imprint of a steel ball with a diameter of 10 
mm, caused either by free fall or by a pressure of a stipulated 
value, measured with a dynamometer.

The tensile bending strength is determined in most cases 
on prisms with the dimensions 40 x 40 x 160 mm. After ths
rupturing of ths latter, on the fragments is then determined2the compressive strength on a compression area of 25 cm . The 
specimens are prepared from a standard consistence paste.
The testing time is usually selected after two hours and af
ter drying to a constant weight. If we ere dealing with slow
ly setting gypsum plasters, the beginning of the test period 
is usually shifted (e.g. 6 - 8  hours). The strength is ex
pressed in UPa. During both the bending strength test and 
the compressive strength test must be maintained the permis
sible rate of loading of the test specimen.

During the chemical analysis are generally determined 
the contents of
- moisture,
- water of crystallisation,
- SiC>2,
- CaO,

Moisture is dstarminsd by drying to a constant weight 
at a temperature of 50 + 2 °C.

The water of crystallization is determined by drying to 
a constant weight at a temperature of 230 + 5~°C.

Si02 is determined after tne decomposition with hydro
chloric acid, drying and subsequent filtration by the usual 
gravimetric method.

In the filtrate is determined ^ 0 ^  by precipitation 
with amnionic and in the next filtrate then CaO in the form of 
oxalate. Additionally it is also possible to determine the 
MgO content as pyro-phosphats•
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oO j is determined in a separately weighed specimen
after the decomposition by hydrochloric acid as iiâ >04.

4In a number of cases are, however, applied also modern 
titration methods, as well as physical and chemical methods.
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1 2 * C o n c l u s i o n
The material presented is a brief croaa-sectional infor

mation about the problems of gypsum plaster and gypsum plaster 
products manufacture and about problems that are associaLed 
with the utilization of this material. Briefly are also dis
cussed new technical solutions which are related to the uti
lization of by-product calcium sulphates.

In conclusion ia presented a brief summary of the che- 
mism of gypsum rocJc application as a setting regulator, and 
the last chapter is devoted to the testing of the gypsum 
plaster properties.

We are here concerned with a very extensive complex of 
problems where every chapter could be elaborated further 
into an extensive survey paper. This, however, is not made 
possible by the available scope and time.

Perhaps even in this brief summary the material will 
fulfill its purpose and contribute to the development of the 
gypsum plaster industry. The broad potential applications 
of gypsum plaster products in industry, and above all in the 
building industry, fully deserve this.
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