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Jypsum plaster and gypsum plaster products belcng to
those building materisls which attract an ever growing
attention and the utilization of whicih in the building in-
duatry is steadily growing.

Gypsum plaster exhibits from the point of view of pre-
fabrication a number of highly advantageous properties - it
sets rapidly, has a good workability, facilitates the attiin-
ment of smooth surfaces, accurate dimensiona, can be made
ligntweight, etc. The reoid setting of the gypsum plaster ma-
kes possible, in comparison with cement, a better utilization
of the moulds, since already 10 to 20 ainutes after mixing
the gypsum pluster with water, tke products can be removed
from the mould and dried. The finished producte exhibit fa-
vourablie sound insulating properties, they can be employed
in the field of fire prevention. Additionelly, prefabricated
gypsum plaster elements are characterized by microclimate
regulation capabilities; during the period of a highe> rela-
tive humidity in the atmosphere they absorb moisture, in ca-
se cf a decrease in humidity they, on the otner hand, relea-
se moisture.

With 7:gard to the properties of gypsums plaster -
non-flammekility, soundness, low density, low tharmal con-
ductivity - it can be appraised as 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, Phoenicis, Palestine). Herodotos (approx.
450 B.C.) states that in Ethiopia the bodies of the deceased
have been encapsuleted in § p%pewplaster. Thq knowledge of
gypsum plaster has come Trsmzbreece 0 Rome.

Already in the fourth century B.C. Theoprastos descri-
bed the gypsum rock mineral and alsc in 3ome detail the mo-
re significant properties of gypsur plaster. At the same
time Litoatratos described gypsum plaster masks. Around the
year i00 A.D. Vitruvius and Plinius described atuccuwork.
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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 obsserve in Germany the manufacture of gypsumr 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 thenretical papers dealing with tne
clarification of processes that are involved both in the
production and setting of gypsum plaster (Michaelis, Schott,
Le Chatelier, van ¢ Hoff, Le Chassevent, and others).

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

Also the physical and chemlcal research vork recordad
during this period extraordlnary successes thanka to modern
instruments which make possible the determination of the
inner structure of the material.
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Gypsua rock - CoSO4.2H20 - ig the returel fora ol cal-
ciwa sulphate. The generally in nature concu-roztly eppoering
anaydrite is its waterlosss foma (CoSO4). Both raterials
are genetically very close te one another and are often also
similexr in outer appearance. In a simple manner they cen,
as a rule, be ditfercntiated according to their different
hardness, gypsum rock can be scratched with the nail, but
anhydrite can not. Anhydrite is generally finely crystellince,
gypsua rock finely to coarsely crystalline. In the core
fine-grained basic raass of the gypsum rcck cccur sczetines
large scattered gypsum rock phenccrysts, mostly of a secon-
dary origin. As long as gypsua rock crystelizes in argilla-
ceous sediments, more rarely also in sandy sediments, there
can occur also considerusbly lerge gypsum rock crystals end
their phenocrysts. With regard to the closenass of the che-
mical composition of gypsum rock end anhydrite, also the
conditions of theivr formation are very clooc. If theyxxlcyrox
gznro’m waters, from which the deposits of the two mineresls
as evepovrite rocks aire formed, 4o not contain scdiua chlo-
rile, ocanhydvrile crystallizes at a temperature above 42 OC,
below this texpg=2rature gypsum rock 18 precipitated. In ccm-
plex solutiocns, which includo sea water, cnhydrito crysta-
lizes already at temperatures above 34} °C, and froo the most
concentrated salt brines enhydrite is liberated regardicss
cf teaperature. If from sea water crystallizes elrccdy ha-
lite (NaCl), then only anhydrite can ba formed. Tho border
between the regions of anhydrite £nd gypsum rock separation
is thus temperature and concentration dependent.

In accordance with the appecrance of gypsua rock or an-
nydrite it 1s nnt, howaver, poasible to assegss in a simple
manner the physico-chemical conditions of sedimentation,
since the two minerals are under certain ccnditions unstable
and are converted into 'ne another. The primary sediment is
generally anhydrite. Numerous anhyd~ite deposits or at least
paris thereof have in the vici.ity of the surface been so-
condarily chunged into gypsum rock. Anhydrite ia namely




converted by hydraticn into gypsum rock with a simultaneous

change in volume hy 30 - 50 $which often leads to considerab-

le deformations both of the mineral itself and the stratg

in its vicinity. By secondary hydration can scmetimes be con-

verted to gypsum rock even entire mighty anhydrite strata,

but often hydration afflicts only their merginal parts.
Gypsum rock- formed through the effect of permeating

waters sets up on the fringes of the anhydrite lens its

gypsum rock border; an example of this is given in Pig. 1.

Vb il
Wiy \
TR HATITY

o 2 s (F23e

o1, sun rock deposit e3ocz SpiAckd Novd Ves (L3SR)
Tie gszoathar.d recks been!ggz.ok; 3= gypsua rookj

8= anhydritej °

A contrary process is the change of gypsum rock into
anhydrite. This cccurs during the contact of gypsum 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. Uenerally it can ve stated that under elevated tempe-
ratures - e.g. in a hot arid climate - prevailingly anhydri-
te is deposited, whereas under lower temperatures -~ especially
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in the mild climate - gypsum rock is deposited.

Through the evaporation of a iOO m thick layer of nor-
mal sea water is formed a calciun 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 intersts,atal joints or forms, similarly to anhydrite,
whole strata. Earthy gypsuvam rock formed by the evaporation
of waters contaminated with argillaceous materials - e.g.
vnder 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 proucesses (neutralization of sulphate waters, citric
acid production, conversion of armonium sulphate, etc.).

A considerable part of th: se by-products i3 not being utili-
zed at the present time, with reguard to the present conta-
mination. Even though the removal of the latter is techni-
cally feasible, it has proved itself in uwany cases as to0o0
costly and gives thus no chance tr coupete with the very
cheap natural gypsum rock.

Jypsum rock and anhydrita appear in large quantitles
all over the world. There exist in fact few regions where no
comaercially interesting deposits are available. The rew ma-
terial has a very low price; at the present time the price
of 1 tonve.g. in Great Britain without transport costs from
the mine is 3.5 - 4.0 b. With regard to the both technically
and thermsally not highly exacting production, also the price
of gypsum plaster and gypsum products is relatively low whicn
contributes to the popularity of those productis 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
decices about the viability of the potential i. vestment
(1.e. mining, production and processing of gypsua plaster)

13 the distance from the potentiel marketa and the ease of
transportation., The Us 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. 3Significant ex-
ceptions are Japan and skandinsvia; 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 1*‘ock 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
Causasus, in the Ural, the Far East (Irkutek and Krasnojarsk
Region), in the Ukraine, in Uzbekistan and Turkmenia.
The main European localities include deposits in Poland,
the German Democratic Republic, the Fedéral 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 aArgentine, Brazil, Ca-
nada, the USi, the Dominican Republic, Mexico, Peru. )
In Africa it is above all Southern Africa and in the
remaining parts of the world above a.l Australia, India,
Iran, Japan and Pskistan.
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Gypsum binders are obtained by dewatering gypsum rock

0 system

at various temperatures. Dependent on temperature and the
external conditions of hydration time, various mcdifications
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.

Or. heating, under variocus conditions the following com-
pounds may be formed:

Ou-CaSO4 e 1/2 H,0

f-caso, . 1/2 H,0

O\J—CaSO4 ITII soluble anhydrite

f-"-CaSO4 III soluble anhydrite
CaSO4 II insoluble anhydrite
03504 I.

The first changes on heating CaSO4.2H20 occur aiready
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 O.1 MPa)

Ca504.2H20 —— CaSO4.1/2 H,0 + 11/2 H,0

is according to various authors 97 - 107 °C. This relatively
great difference in the data for the dihydrate 4 .composition
temperature 13 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 optimur temperature is therefore often veri-
fied experimentaly with the aid of differential thermal ana-
lysis (DTA).

1+~ 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 certsin salts. This modification is formed when the water
of crystallizstion escapst from the gypsum rock in a liquid
form, .so that it does not cause destruction and loosening o
the individual particles. In this way can be explained the
effectiveness of certain salts that are present in the so-
luticn 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. CaCl,,
ugCl,,, alkalic acetates, salts of aliphatic carbonic acids, etc.

In practical operations it often happens, especially
during the production of ﬁ-semi-hydrate in cockers, that near
the cooker bcitom,where the pressure is higher than in ‘“he
surface layers, a certain quantity of g.-semi-hydrate is

-
o

formed.
(\~semi-hydrate ie dense. It forms nice needle-shaped
or prismatic crystals. Its density is <.72 - 2.73 g/cm3,
whereas ﬁ-semi-hydrete is porous, has a density of 2.67 -
2.68 g/cm3, its crystals are smaller and have no such clearly
defined shape. Therefore the(a-modification has for a prac-
tically identical grain size a larger specific surface than
the ¢-modification. This marifests itaikf in practical ope-
ration by the fact that the (u-modification requires for the
same plasticity of the gypsum plaster paste a smaller quan-
tity of water than the {}-modificaticn. The water-gypsum
ratio of the ¢l -modification is 0.35 - 0.45, of the P—modi-
fication 0.5 - 0.7. Therefore products from the (.-modifi-
cation have higher strengths than products from the P-mo-
dification. |
The above modifications differ also in the quantity of
the heat of hydration.
), -CasC,.1/2 H,0 + 11/2 H,0 —>CaS0,.2H,0 + (4100120) cal
P -caso,.1/2 H,0 + 11/2 B9 == Cas0,.2H,0 + (4600520) ¢ 1.

Conversely, the heat of decomposition for the forma-
tion of the two modifications dces not differ too much.
Cas0,.2H,0 + 19,850 cal —3'0'»-Ca504.1/2 H,0 + 11/2 H)0

4°2H,
Cas0,.2H,0 + 20,350 cal —s(’-Caso4.1/2 H,0 + 11/2 H,0 .

2
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F -gemi-hyd.'ate is formed on heating gypsum rock under
normal'pressure at a temperaturo of 100 - 160 °c. ir the
course of this reaction water 18 liberated from the lattice
in the form of ateam which lcads to a mechanical disintegra-
tion of the grains. The particles ere then more porous and
have a rough surface.

“}-anhydrite III - soluble anhydrite - is formed from
¢ ~semi-hydraite by the heating of the latter to 200 - 210 Oc.

[X-annydrite III - soluble anhydrite - 18 formed from
ll-eemi—hydrate by the heating of the latter to 170 - 18C °c.

Both solible anhydrite forms are unstable and already
under the action of atmospheric moisture thay are converted
to their semi-hydrate forms. In doing so the @-modifiﬁation
is less stable than the ov-modification, with.regard to the
different porosity of the latter. The “eat of hydration of
the Cu-modification is 6,270 cal, that of the Fbmodification
7,210 cal.

The soluble anhydrites set more rapidly, require more
water and exhibit lower strengths than the corresponding
semi-hydrates. Industrial gypsum plasters shotld the-sfore
as a rule contain the least possible gquantity ¢f those com-
ponents.

By heating soluble anhydrite III to a temperature of
400 - 800 0C, Cado‘ II - insoluble enhydrite - is formed.
The properties of the insoluble anhydrite are very simjlar
to those of the natural anhydrite. V/ith water it combines
very alovly; this reaction can, however, be speeded up by
the addition of certain hydrogen as well as normal sulphLa-
tes. This fact is utilized in practice in “he 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 decompositiion o2
the calcium sulphate with the formaticn of free CaQ and 502.
If the firing operation is conducted in such a way that
the material contaeins 2 - 3 % Ca0, 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 accoampanying quantity of also cther components. This is
given by the variability of the raw materials as well as by

the sensitivity of the hydration process.
The CaSO4-H20 system is a very complicated physico-che-

mical system and a number of authors are investigating it in
great detuil. In this chapter an attempt was wade to prcvide
at 1'ast a brief summary of gener:lly accepted technical

facts.
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4. Gvpsum plaster production

One of the olcest methods of quick-setting gypsum plas-
ter manufacture is its dehydreticn in a cocker. A disadvan-
tage is interrupted production (in recent years continuously
operated cookers heve been developed), but its advantage
lies in the fact that jQ—eemi-hydrate with the presence of
a smaller quentity of Y -semi-hydrate is ovtained. Ihis me-
thod therefore stjl. maintaina since its introduction (in
1870) a very impcrtant position in this field.

The latest newer designs include cookers made by Ahesers.
Buttner-Schielde-Haas (FRG). The general arrangement is
shown diagramatically in Fig. 2.

7 e er®
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Plz.2. EQStoor-Sokd ldo-lnas coczar

1- raw caterial olozego b 2~ convuyory
copsratoz of bRoU goroo) aockorsy

5= vontilatcr fen) 67— dast collector

8- burnsd material gtorego bing 9~ ecavayer

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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grindinz and drying of the gypsuva rock tefcre
the cooxer; for this purpose 18 in a guitable ranzer belrng

utilized the heat content of the waste gases. The delyydration

period i3 2.9 - 3.5 hours. The produced gypsun plaster 1s ,
as a rule subsequently stored in a maturing bin and then

ground as required. The temperature on enterin3z the grinding

m11ls should not exceed 80 - 82 °C.

A great advantage of the cookers is their simple con-
struction which guarentees trouble-frece operation. In the
cooker can be produced all types of gypsum plaster with ex-
cellent properties, practicelly from all types of gypsum rock.

Down tises required for filling and emptying esmount, however,
up to 25 %. Contxnmnu Diacontinuous operation and the thus
arising change in temperature conditiona place exacting re-
quirements on the control of the hydraticn prccess and dust
extraction.

These disadvantages arce overcomec by the solution cf A
Messrss British Plaster Board Ltd. which io chareacterized
by the aspiration of the dowatecred raw material throush 2
geparate pipe in an obligyuely upwerd direction in such &
way tnat the level in the cooke> rcmaina at a constant height.
The rating of the continuous cooker is 25 - 40 % higaoer,
the heat consuzption and other indirect cocto are lowcr.

The gypsum plaster gquality is cqually good.

A fucrther now type of production plant which at the
same time grinds and carries out dekydraticn, is the rrinding
equipment of Messrs. Claudius-Petera (FRG) which is shown
in Fig. 3.

This plant consists essontially of two ringo, between
which grinding balla are located; the bottom ring rotates
and provides the grinding function. Adequate éompreaeion is
proviced by springs. Gypsum rock, precrushed to O - 30 mm,
enters the grinding will through a side feed opening into
the grinding space, After grinding and dehydration, it is
pneumatically aspired into the classifier; the coﬁgue fract-
ion 18 returned, the fine fraction goes into the bin. Two
of these grinding mills are as a rule connected i1nto one
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which coatrol spceial pronertico. {2 cucmplce o2 this corza-
gement 13 shown in Fig. 6.

znother type of conmbinzd Liiln io the double-cghell kiln
whi~zh makes firing possible in tho inne> szace, cirectily
heated at a higaer temperatuze; tizz {ired matericl ovel
flows into the outer cpacce wvierd it 1o cixed wvith tho raw
material destined for flring at a locuer teomperatura,. by
cocling down 1t hande over heat to tho rawv wmacterial vhich
is to be dehydrated at a lower temperature. Thus hewnc io
being utilized in an utmost manner. If required, also this

outer space can be heated by additional equipmont. It should
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The technologically ccrrect selection of the product-
jon piant must start out cbove 11 freca the properilecy of
the raw neterial from a cencret: locality, furiherzcere from
the purpose, for which the produced gypsum plaster will be
used, and from the required capucities. 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 phosphoric acid via the decom-
position of phosphate raw materials with sulphuric acid accord-
ing to the equation

2 Ca3(PO4)2 + 6 H2304 =6 CaSO4 + 4 H3P04

haes reached almost 20 million tons in 1975. In the
course of this pronduction is formed at the same time a by-pro-
duct - calcium sulphste 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 p.roduction of natural gypsum
rock represented approximately 60 million tomns imn 1975, it
can readlly be seen that by-procduct calcium sulphate can in
due course betome a competitor of the natural raw materials.

This problem can not, however, be assessed from tha 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 environmenial problems, etc. have to
be also taken into consideration.

The primary problem is above all the question of the
:ontents of gon ag%gagﬁgh as fluorine, residual sulphuric

as well as phosphoric acid, salts of uranium, radium, and
many cother impurities, the contents and character of which

depends above all on the incoming phosphate raw materials
and on the morphology 'f the calcium sulphate crystals that

are formed in the courae of the decomposition process. Ths
solution of these technical problema, projected into their
economic conseyuences, can then exert a limiting iurluence
onto the utilization of this raw material.

A deteruwining influence onto the solution of problems
espociated with the utilization of these by-products can
have also euvironmental protection. When theee by-products
are stored in sludge settling lagoons, the asoluble impuri-
ties can contaminate ground waters and thus inrfest 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 contawminate 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 inveat-
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 bsen 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 consumntion in
1975 was 4.095 millioz ‘tons, the mining of natural gypsum
rock amounted te only 189,000 tons. The difference was co-
vered by processing by-product gypsum, the ampunt of which
(as waste) represented 1n the same year 5.02 million tons.

Since the natural gypsum rock resources in Japan are
very limited, thers wagﬁ%hdeavour 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 ove 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 Procesa 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 Central-Prayon Process. This process
duct is semi-hydrate. Despite the fact that these ccmbined
processes are more costly in their operation, they have been
applied on?broad industrial scale, since in this way was
solved tre problem of importing almost 4 million tons of
&ypsum 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 untreated
by -products formed in the course of a single-stage decompo-
sition., This naturally places more exacting requirements
ornto the entire production technology for the actual gyp-
sum pl.aster.

At present tnere exist severa. different processes, the
resultant product of which is gemi-hydrate gypsum plaster
which can be utilized above all in the building industry.
Essentially we are coucerned here with two basic dochydra-
tion systems - the dry process which produces fa-aemi-hydra-
te,and the wet process which produces (4,-semi-hydrate and/or
@ semi-hydrate slip which can be employed directly for the
manufacture of gypsum plaster board or elements., The ﬁ)*semi-
~hydrate manufacturing technology was worked out above all
by Messrs. Gebridder Knauf (Iphofen ~ PRG) and realized in
a company owned plant in Caatrop-Rauxel and at the West-
deutsche Gipaswerke in Iphofen. This method consists of the
following operations:

washing the¢9y-product with water

drying .
F:34 firing operation
rehydration and neutralization with milk of lime

2nd fi*ing operation
A modification of the Gebrilder Knauf Method consis.s
of a neutralization after the washing of the raw material
with subsequent drying and firing.




The dry technologies also 1nclude a method worked out

1 3 : .37 - a, -
in the cooperation of the compunies ihene Progii, air Industi=

ri2 and Charbonnages de France Chimie; the technoloygical er-
rangement realized by ilessrs. zhone Progil at the Dcuvrin
works includes thorouxh washing and separation of nachanical
impurities on a sieve, then follows a passage thrcugh two
hydrocyclones, filtration, drying, firing and, accoerding to
requirements, grinding witn additives. The yearly production
is 130,000 tons; the major part of the production is pro-
cessed to gypsum plaster partition elements.

Messra. Rhone Progil have built enother plant for Donau
Chemie, Pischeldorf (Austria) which produces 500,CC0 o3 of
partition elements per year.

Messrs. ICI have realized some time ego 1n Billingham
in the North of Eepgland the firing of by-product gypsum in
a multi-stege k.ln. Despite the fact that very good results
have been attained there, production was strpped for com-
mercial reasons.

To the extraordinurily important methods of semi-hydra-
te gypsum plaster production frem by-product calcium sul-
phates belungs undoubtedly the cystem realized in Ludwigo-
hafen (FRG) by Messrs. Gebrilder Giulini GmbH. This method
involves the continuous pressurc dehydration of calcium esul-
phate in a suspension. Since tho incoming part of the tech-
nology includes thorough cleanirg of tkhe raw material by
flotation and counter-current waching, this method which in-
cludes in the second stage recrystalliiation ir an autoclave,
provides a very pure semi-hydrate free from dangerous mate-
risl that may lead to the formation of effloreascence.

The resu.tant product is either ( ~semi-hydrate gypsum plas-
ter (in this case the semi-hydrate is, after leaving the
autocleve, separated in a centrifuge, washed with hot water
of 80 - 90 °C and dried) or the centrifugoed ;. -semi~hydra-
te 1s mixed with cold water to form a slip of the required
consistency which is directly poured into moulds for the
production of partition elements.

With reygard to the fact that the autoclave dehydra-
tion takes place in the presence of active additives that
influence tholhydratlon process, it i3 possible to obtain
by this nethod a preduct with controlled qualitiegs, 1i.e.

with a controlled size and aghape 2% “he crvotala.




The production flow sheet for this technology is shown
in Fig..10.

Fig,10. GebrUder Giulini techrological line for the
production of ¢ —hemilydrate by-product Ts
rlaster, 1-Filser; 2- blungery - pineiine;
- Flotatlon; 5~ sorige tanlk and pump; o~ water
cyclon; 7- puup; & autoclave; 9- centriluge.

An analoglics) methcd has al:o been worked out by e
group of authors at VNIISTROU in il.c USSR.

Prom literature are known rclerences also ebout tha
firinz of by-product gprsm at tecperaturco around 1000 OC;
the product cbtained appfbacheo with its propertics flcoring
gypsun plaster or Kcon cement.

Aa follows froem an snalysio of by-product gypsum mate-
risls, they contain a certain quantity of water soluble
salts which can form under certuin conditionos efflorascencoa
on ezt buillding eloments. For the formation of efflo-
rescence there must be simultuneocusly present in the pro-
duct a certain quantity of water end the temperaturec and
hunidity of the outer environment must cause and aid, reapec-
tively, the internal movement of the lijuid 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 end chemi-
cal procosses 18 then the formation of efflorescences.

The most effective way of preventing these unpleasant
phenomena is to thoroughly free the raw material, i.e. the
dihydrate crystals, from both rests of salts .mother liquor '
after the separation of phosphoric acid) on their surface
and also insgide the crystals. In this respect the Giulini
Process hus shown itself to be highly effective and reliab-
le. This 18 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 Washed Semi-nydrate
dihydrate dihydrate aftor centrifuge
SiO2 1.295 0.74 0.7
F 2.12 0.4 0.34
P205 total 0.78 0.74 0.5
P205 water soluble 0.28 0.05 0.03 ;%
NaZO total 1.22 0.2 c.03
Na20 water soluble 1.06 0.05 0.015
A1203 0.08 0.07 0.05
FQZO3 0.02 c.015 0.15
c 0.15 0.05 0.03

Note: The values are given in weight per cent.

It was ascertained through a closor study of the efflo-
reacence problem that etflurescagcos can be formed by sodiunm
salts (sulphate, phosphate, fluoride, fluorcsilicate, car-
bonate, hydroxide end tripolyphosphate), 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 N92HP04,

Na?.CO3 and N32304, the least intensive ones in the presen-
ce of sodium fluorosilicate N0251F6.

Efflorescences are either not formed at all or only
to @ very limited extent ir the presence of NaCl, CaClZ,
dgCl,,, NAZSO4, NaH2P04 and primary calcium phosphate

Ca(B,PO,),, if the concentration does not exceed 0.4 %, re-




- 28 -

ferr.i to cation-oxides. kfflorescences are also notl formed
duri: ; the simultaneous precocnce of Nazjo4 and CuClZ.

If we list the individual galtas in accordence with
their degree of danger of efflorescence fcrmation, we cbtain
the following serieg
Na,CCy, NaZHPO“:Z; Ne,SO,, i3
NasP 10145 NazsiF6\/ K,50,, Nauso
CaCl,, Ca(H2P04)2.

To determine bindingly valid limits of the maximum per-
missinlae contents of the individuesl offlorescence foraing
materials is an extremely complicated problem, the solution
of which 1s naturally influencecd by external conditions.

On th: basis of laboratory results it can be stated approxi-
mately that the totsl contentos of water soluble Na,0 + X20
(incliding the salt contents in the crystals) shculd not
excee!l 1n the raw material or in the fired semi-bydrate the
value of 0.1 %. Belol'd this liniting value, and especially
below the limit of 0.05 %, thero cccurs precticelly no for-
matio.. of efflorescences. In the rcgion of 0.1 - 0.2 % the
forma~ion of efflorescences ig alrecdy prcbable, depending
on th: churacter of the present scdiun and magnocéiuz ealts,

SO,, NeH,PO,, NuF, NeOH,

o+ » KC1, NaCl, ugCl,,

and w.th their contents above 0.2 % it is gbeclutely certain.

Jdessrs. Giulini atate that the overcsll ua20 content
must te reduced below 0.04 % in order tn cdcfinitely (wita
guara:.tees) prevent the formation c¢f eoffloroscenccs.

To round off the overall charactoristics of probleas
that ure associated with the utilizatiocn of by-productas,
it should still be stated that for the production of semi-
~hydrute gypsun plaster can algo be utilized by-~products
formed in the production of certain organic acida (eitrie
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
impcrtance especislly in recent years when 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 cne grave problem that ceccurred in connection with

1t

the producticn of phospho-gypsua plaster. This is ik
question of its radioactivity.

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

Phosphates from Morocco, by-product gypsum formed by
prccessing 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 emong 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-gypsum plaeter manufactured from this by-product
gypsum, are of the same order as 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-
tlies that the major part of the Th present 1s transferred
into the produced phosphoric acid.

In comparison with natural gypsum plaster which 1s
classified by @ number of authors as a building materiel
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 witih modern building mate-
rials (e.g. on the basis of slag and fly ash), in which
higher radionuclid2 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-gypsum plaster from the kola-
-apatite concentrate are not higher than in cther currently
uged building materiuls; there can thus be no objections
to phosphate-gypsum plaster from the point of view of io-
nizing radiation. As regards African phosphates, the level




of radionuclides contents 1s higher. Since, however, at

3

’ )
preaent exist no specificaticus or standards lizmiting the
maxioum peramissible contents of rodionuclides in building
materials or raw materials for the prcduction 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.

Ve believe that the entire matter of radioactivity of
not only phospho-gypsum plaster, bat also of building ma-
terials genserally, should be brought to certain conclusions.
Measurements should be carried out of the contents of ra-
dionuclides in building waterials and raw materials used
for their production. These measurements should then be
supplemented wi th exposure rates at selected building sites.
And on the basis of all these findinge should then in co-
operation with hygienists be worked out a general specifi-
cation or recommendation about the maximum permiassible

contents of radionuclides in building meterials.
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6. Satting of sypsum plaster

‘The discovery that a gypsua plagter suspension spontia-~
neously sets into a solid wamss i3 several thousand years old,
but the first explesnation of the entire process was £ingh
given cnly by Lavoisier. He showed that during the setting pro-
cess there occurs a conversion of semi-hydrato to dihydrate.
This 1s the chemical basis of the entire process vhich does
not, however, explain the actual recson for the gein in strength.

The explanation of the strength gaining procoss was founﬂﬁ
by Le Chatelier. He pointed out that the seai-hydrate is under
normnal temperature conditions a material that is in water
approximately five times wmore soluble than the dihydrate. After
mixing the semi-hydrate with water, there occurs a disgolution
of the semi-hydrate up to the state of saturation end ta the
following conversion to dihydrate. Since the solubility of
the semi-hydrate, converted to 00804, ig approx. & g/l and the
solubility of the dihydrats is only approx. 2 g/l, ths sclu-
tion becomes gradually supersaturated. Such a solution is na-
turally unstable and scparates the dihydrate in the form of a
large number of small nceedle-shaped cryetals which grou toge-
ther into a continucus solid cass, raturally interwoven with
a continuous network of pores. Orly today hcas it been possib-
le with the aid of the scannirg elecctron microscope %40 rronriw
confirm the correctness of Lo Chatelier s icea.

By the separation of the dihydrate frca the soluticn is
decreased the concentration of the latter, thuo conditions
are created for a further diosolution of the semi-hydrate,
and the process continues.

The crystallization procoss cen be divided into two stages.
The first stage is characterized by the forcation of crystalli-
zation nuclei, the serond by the growth of the ‘erystals. For
the first atage holds true ~ the greater the supersaturation
of the semi-hydrate solution, the quidcer are formed the crya-
tallization nuclei. If the supersaturation is low, there need
not occur the formation of microcrystals.

If the crystallization nuclei are formed too quickly,
they are very small, not stable and in dus course disintegrate
again. The crystallization nuclei must therefore have a cer-




q ~— o~ -~

~ & > —
e LY 99 '\_Y [V o ¢4

1 R ~ Welal | a9 At
tain 20 colled cratical o1 t

()
(9]

y ©

(3]

o
given oolution cuparcaturaticn cciilliicna cnd cen beeccze redl
nuclei “or tii2 new phose,

Tha pecord crystallication e:cie ig charccteric:l ty tho
crystual growth rate. Th3 latter 1s deperdent on the dcirea o
supersaturation, 1.e. on the diffe-ecnce between the ccncentrziion
of the raterial in the golution end the sclubility of the ncu-
ly formed structure, cud on the dizcnoicns of the cryostal
itoelf, on which are cuccessiveoly cCcposited further cino-icy:crs,.

The energy liberatced in the -~rowth of crystzls ig clweys
greater than the ener sy liberatcd In thid formatlca of crystcl-
lization nuclei. It follcua fron t.o above that the crystelli-
zation nuclei can bz forzmed only at tho beginning of the canti-
re crystallization proceas - approuinately up to the beginning
of setting. Aftcr the formation of a cortain qQuantity of thcooa
auclei can alrecdy occur thoir gro.th. Luring this growth 1o
firat of all formed a rizid structural freccwork., If Curirg
this stage therc accurs the cction ¢f ccchanicel forceco, then
this leuds to a reduction ol the sirengih of the kerdening
gypsun plaster. Only through a furiher grewth of the cryctals
their ccatact faces oo ianercased, the crystala grow together,

. . and the strength values o2 {le mooo cye increcused.

A further increcoo of tho oircngih of gypoua plcaster pro-
ducts ccn still be attaincd by their drying. Taig cen be cx-
plained by a further hLydraticna oad cvapcration of tho water
which 1s always prcacat ia the cuszcasica - for rlhcologicel
reasons in greator quantitics thar required for the corc hyd-
ration proceas. Throuzh drying io forucd from the exccos va-
tor coutaining sulphate solutio which ia stored betwoen tho

cryatals, further gypsum rocic waich furthe> lins the inci-
vidual, already existing crystals czong cach otner. Apart from
that, after the cvaporation of the wato> ther¢ does not occur
so readlily the mutual shift of the crystals as in the precen-
ce of water.

A significant role in tho ocetting of ypsum pluster play
the additives that are added oither already during the grind-
ing operation or only during the preparation of the paste - 1
the so called setting regulators. In accordance with the
character of their action, thoy can be divided into five groups, .

L \ N
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To the f{irst group telonz : trong «ud weall clecirolyt:c
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Certain additivea, such cg ['221, XCi, K32£34, ead oticro,
increcse the solubility of the gezi-pydrate in uvcter and spced
up thz getiiny of the (7psta nlacicr, Otlicr additives, cucl.
aa NIt Gl, CBP;OH, end otaera, &ct In cractly the opzzaito
waYe fhe effectivencag o cei*tain salis 1o concentratica do
pandeat; at a certain ccnceatratlicn tizy ceil as ca ceccler
tor, al ancthes as a retardedr,

“he second group includes gubgtzneca tlhat forz cerystcl-
lization nuclei. e.g. gypsua wccl, Ca:SOGGZUQO, cnd ctlkcers.
Th2y czn be clasgssed aa setiing accceleratcrg.

To the third groun belenz cuxfactents (susface ecilve
substonces) trkat are carzble ¢ cicorpiica both cn tle ce-
mi-hy2rate ard on the gyrsia rocl cnd wvalch retczd the for-
nation of crystallizatica reclei. This rrcup irncludss c.i.
lize-~lue retardors, gulphite lycs, L tine reiterdess ond
carbo:y~metihyl celluloca.

The fourth group conilind cubataaeces tiiat Jorn thocugl
a mutual reaction on tid curlaze ¢ thi2 cezi-hydrate pairtic-"
lea protoctive, sraringly coludle Zil-), Thc3e €22 Cofe
passplhate, oxclates end beraticd ¢ allkalie cotelco, toric
acid, etc; thcse subatance roicrd the soiilng Ercelacise.

In the Fifta goouwd are thon inelvded nincd poe lucis
waich contaln e.g. & nizturo o2 clceirolyteo cnd ov.fact-
tanta, ctec.

In certain countrico is tho cddition of setting regula-
tors a normal procaedurc and is generally carried out during
the grinding operation.




7. Ivpea, properties and utilization of gypsum plaster

In the technical stendard ssecificationa of the 1ndi-
vidual countries, gypsum plaster 1s first of all divided in
accordunce with the typo of application. With regard to thc
favourable technical properties ¢’ the gypsum plaster, it 1is
employed in many fields. The greatest consumer is the build-
ing irdustry, followed by the cerumic and metallurgical in-
dustries; the health services are consumers of special
&ypsum plaster types.

If we do not take into consideration the relevant modi-
fication (Ga,fl), it is generally possible to divide semi-
-hydrate gypadm plaster in accordance with the basic fields
of utilization into the following proups:

- gypsum plaster for the building industry (stucco, plaster),
- technical gypsum plaster (model ing, moulding),
- gypsum plaster for the heclth scrvices (surgicel, dental).

In accordance vith the main properties, semi-~hydrate
&ypsum plaster can then bé divided as follows:

- according tc the attained strength,
- according to the apeed of setting,
- according to the finenz233s of grinding.

The national atandard speciications of the indiv.idual
countries generally contain coertain specificitios in the
classification which are dependcAt on the traditions of tho
relevant country, the raw naterials, production faeilitics, etgc,

The basic groups c¢f gypsun plasters are then further
divided into classes of quality.

The national standerd specifications include in a num-
ber of cases also special gypsua laster types with improved
properties that are destined for cpecial purposes.

Gypsum for the building induotry is generally used for
the production of structural elemcnts and for stucco and
plastering work. Here we are as a rule concerned with the
g%—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 {5-gypsum plaster, in case of higher mechanical require-
ments is used an addition of (j~gypsum plaster which prevails
for special hard gypsum plasters for moulding pu- poases.
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Cypsua plasters for the he:lth scrvices are emplioyed

PRI SRR T
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the t.iing of dental printsc.

Tor the sa%e of ccopletcae:rs should also be monticned
various types of special erd mixed binders, gcnerally cn
the base of anhydrite (anhydrite binders), products of the
flooring gypsum plaster type end products of the Keea ce-
ment type. A large separate grcup of binders thet have been
developed in the USSR form gypsur plaster-cement-pussolena
binders which have especielly in the USSR found a broad
field of application in prefabrication.

The specific density of the usual cuick settir3 semi-
~-hydrate gypsum plaster is 2.60 - 2.75 g/cm3. Tho density
in the bulk state is 800 — 1100 'g/m3, in tho lightly com~
pacted state 1250 - 1450 kg/mJ.

The main technologiccl pronertico of gypsum plaster are:
fineness of grind,
quantity of water roquired for preparation,of a paste with a

+

noraal dansity (consistenca),

beginning end erd of setting,

mechanical strength in the harccned state.

The fineness of grind of t' ¢ pgypoua plester churccteri-
zes the relative reprocentatica c¢f particles of the inli-
vidual sizes and is exprecsocd ¢33 a rulo in thke Zorm ol ¢ rest
on otandard sieves. The firenezs of grind influcncoa the
water-gypsun ratio, the mechanical gstrength and the rate of
setting. It is one of the vory icportant prorertieso of
gypsun plaster.

The second very inmportant property off gypsum plaster
is the quantity of water that is required for the preperation
of a paste of normal consistence (i.e. as given by tho
standard specification). The norczcl consistence depends on
the couposition and propertics of the raw materiuls, on the
methods and conditions of dehydration and on the finenes:z
¢f grind; it influences in turn the moulding propertics of
the suspension and the resultant mechanical strength of the
product. The theoretical water consumption for the rehydra-
tion of semi-hydrate to dihydrate is 18.6 %. In practice,




however, for the attuoinsant of a normal ccagigticace cf {}-[yp—
3u=3 “or tha2 building i lvctry ©C - 70 5 wvoater o2 rogulred,
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Tha quantity of water conta:
does nct, however, in”lu:ncc only
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applications ia building prcfabricziicn &1d other ficlds

(modelling, prcparaticn of couldas,
tirs sgsetting proceas is sencrally

the bezinning of gotting which

ters occurs as a rule within 3 - & nincieg,

getting which is usually in {he

Tha cz2chanical gtrongli 27 t
ig undoubtedly its most cigrifi_arc
gun plaster producis cre as a rule
ter paoste which containso cescanilal
than the theorctiicsl vater ¢
10 ic
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wate
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tho cako-up water queati'y

wvaler=-3ypoum pleoter ratl

on tihe Zinal gtrenzth of tho gydo

ing. Onto cane graa of ocoi-lydrate

phase 0.10 graza o?f water, 1i.0. CcO:
If there will bo more water in tho

main unreacted in tho apucos belwce

2 plaster

castinza, cte.). Tic cn~

civided into two plcocs -

in crieck-sciting gypswa plos-

ard the ¢l of

ce 02 8 = 25 cinulco.

20 hoazderncd gypcum plozteor
prcerty. Since p/p-
cagy frea o grpoun ploo-

7 a lorger queatity ol
cnovmdticn for hydoatica
gora~ally 0.6 - 1.C

a consicdcrable inflernca
aficr precccce-
120 bouvnd in thoe solid
varoionx onto gypota rock.

suopension, it will rc-

zn tha dikydrato crystelao.

After hardening the wator evaporateo arnd lcavogs behind a

continuous network of pores. Since
does not change during the proccao

tho volumo.of the syotcm
of hardcning, it io poo-

sible to illustrate the volume ratios by the diagram which

is shown in Fig. 11.
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Since porosity is deterzinced by the waler-£ypsia placiter
ratio, the dcpendence of tho gtrcagth cen be exproosod by an
analogical relation )

G;’ Klog v O.\) + log I),,-.W .

v - 0. 19

Thus to attain hizh ctrongth noccoas to rdéucc the water-
-gypcum plaster ratio. Tho latter can not, howevor, be rodu-
ced urbitrarily since for tho proccosing and application of
gypsua plaster a certain measure of workability of the start-
ing suspension (paste) is required, i.e. viscosity, plasticity,
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Flz.12, Danndence of ho~derad gy “um placisw sucrensiors
on tka porosit. (eftor 4. -ingye j
A = ¢ Zypsta vlastor wis 2 corDusculer particles;
B = ¢ gypstm »lagtor wili needlo particlesy—
C -/ e&ypsun »lassor

8. Gyneum nlester pvondrzia

P s v edp)y building imduotzy 1o undeoubiedly the loepst con-

suaner of gypSum placter duo to its gocd workabiliiy cnd the

good propartica of the firal product. Cuics sotting preceoti-

nes gypsua plcater for procossing in an industriecl ranner

to prefaba. ‘

?ho devclopzent of tha industrial processing c¢i” grypoua
p astcr took place capecially aftcr tlie Locord Vorld Ve,
Davelopments were orientated especianlly to tiiose couutries
waich have su?ficient hcae resources of natural gypsua rock
(USA, Canada, Great Britain, France, tle Federal Republic of
Germeny, the German Democratic Republ.c, the USSR, Polard,
and others). In the ogixties than occurred a rapid develcp-
mdnt of the gypoum plaster industry in Japon which, o. :>cur-
sa, started to expand on the basio of utilizaticn of by-pro-
duct gypoun.

In the pogtwar ycars bogan in a number of countries the
production of a wide range of gypoum plaster producta for the
building industry. In the course of the years there cccurred,
however, on the basis of technical and economic experience
of leading world companies (US Gypsum, Gebr(der Kauf, Koi-
ser Gypsum, Bricish GCypcum, llational Gypsum, and others),

. _’ | — | . _-iq
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a narrowing down ¢t the range of g Dsum plaster products for

the bu’lding irdustry which is at present to a large part

~imite’ to the following-

- partition elements fro:: cast gypsua plaster,

- large-area thin gypsum plaster board (gypsum-carton board
and gypsum-fibre board’,

- decorative and sound iirsulation panels,

- gypsum plasters for me. hanical applications (as a rule
lightweight with light fillera),

- auxiliary gypsum plast.r masses vhich make possible a
trouble-free erection «f the products.

Wall panels from cest gypsum plaster and/or gypsum plas-
ter concrete, often also lightweight in the form of cellular
gypsum plaster, have for both technical and economi: reasons
found no general application in the mass building industry.
An exception forms here, however, the USSH where gypsun plas-
ter prefabrication has reached a high stege of development,
but mainly usinz gypsum-plaster~ceccnt-puzzolana binders.

In vhe field of cact gypsua plastor elemonta are to-
day under Europen conditions boing utilized almost exclusi-
vely elemerts with a size of 666 x 500 cn end a thickuocs
of usually 6, 8 and 10 cr; the thicknoss tolerencc is + O.1
man. On the elements periphery aro formod tongucso end grooves

“ich makes erection much easior ard more cccurato. Too Gi-
scnsiong are selected in such o way that 3 elements corrog-
pond to an area of 1 mz.

For the p-oducticn are orployed almost exclusively

compartrant moulds which are not diemantled; the finished
products are pushed out hydraulically from these compart-
ments. Since the walls of the individual mould chezmbers
are made from a very hard mater’icl end are polished, also
the producta exhibit an ej’solutely esmooth surface.

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

24 x b x 8 = 960 pieces = 320 .2_
In this case the actual moulding plant is operated by one
worker. '
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In some countries have previocusly also been manufactu-
red -rtition elements, the ler~in of which corresponded to
the ..cight of one floor, the width was usually 60 ca (ilessrs.
Samicux, France). he elenents were made vither from pure
cast gypsuwa plaster or from dightweight gypsum plaster with
longitudinal cavities and with the addition of light fillers
(Hungary), respectively.

With regard to the great risk of damaging these elements
both during transportation and ercction, for which with re-
gard to their weight erection equipment was required, in re-
cont years was observed a decreace in the interest for this
type of elements.

To the group of large-area thin board materials belong
in ths firsi pluace gyvpsum plaster carton-board, consisting
of a gypsun plaster core provided with a shell from a speci-
al carton in the function of an outer reinforcament, and
furthermore gypsum plaster fibrcooard, reinforced in the
nas3, &s a rule with cellulose fibres.

Gypsum plaster carton-board is undoubtedly the most
progressive gypsum plaster product. The simple production
technolcgy wakes today pogsible tka building of highly me-
chanized lines with a yearly capacity of 15 - 20 million
ma, related to a thicknoss of 9.5 (10) omm.

The production of board of this type has today in a
nunber of countrics (UsSa, Great Eritain, Framnco, the Pederal
Republic of Germany, Sweden, Finland, Jupan, ﬁuotraliu)
already a relatively old tradition; other countries are
gradually introducing this production. ,

For the manufacture of gypoum plaster carton-board is
gunerally used atucco gypsum placter; during the last [ ri-
od also gyposum pluster obtained from by-product gypsum is
being introduced. .

The second basic raw material is a special carton with
u syuare weight of 350 - 400 g/m2 and a thickness of 0.6 mm ;
apart froam that, further stringent requirements are placed
on this certon, e.g. rigidity, vapor permeability, mainte-
nance ot flatness, sufricient strength in the moist state,
and othera,




addotivaal raw nateiuls can va setiting returders cnd
acceleratcrs, roespeciivelr and furihnermore fibrous additives -
Q.. A _ -1p suaspensica ob.ained tho pulping of waostc paper
o an a. .ition of gluos flb?OO.(USA) Fedoral Repuuliic oI
Gernmany, Jeraan Deascratic Republic), cmployed eopccinll
ign the predaction of doar with an inereascd flenc reslgetance.
‘he dachiliery cjuipnent is generally muanufuectured in

Javeral cupaciyy vers_ons:

uzfﬁaur tihousa:la m%[duv milliona mzlyear
N 0 1.5
- o0 i2 3

1,000 24 6

1,200 23.2 8

1,000 43 12

2,420 57.6 14

Lately inforoaiionm has also been published about a line with
a canaclily ¢2 20 aiilioa ga/yoara

Tae baodlie tocihnolog.cal deota wuout the consunption of
o~av naterialo oad powar e a3 foillowas

seni-nydrate gypsumd plastoey, kg/n2 7
waiter, li‘:eq/ag 0
carien, mzfu: ) 2,00
neat goasuopiion, kcal/mS 4,500
eleciric power consunpiio.., LU‘n/mJ 0.3
required nraves of workers pes ghart 8

Tne preducivion rango Zacludeo boardo with differenily
ahaped edgoo; also vorioul Lypous vl cut s-.coeo (bave for plas-
teros v porroratod board for acvudiie as well wo decosaitis-
vo liing of wallo aad ce.ling3 are suppiicd. Tho board
thicizaoos 10 wo a rule 9.7 -~ 18 11, the widia usually 125 cam,
the leagea (depending om thickneog) is 200 ~ 400 ca.

Lo geead detaill have voon worced out creétion syoicugo
far all .ctiodos of utilizuvion (wall and ceiling linings,
Jdone shaped -cower cellings, partivloan wallo, acouotic linings,
rire proteeilon linings, etc.) and generally togeihor wiih
the deliveries of board for a certain purpose are simulta-
neously suppliud also ull eroction wids, including cemento,
banduges, etc. Large compunics (Knauf - FRG, British Gypounm
Limi t ¢d - Great gritain, snd others) have training centres




where they inatruct eccctlon crow  of the custcmersa how 10
G

correctly hondle the | axd. ALL thig centrivates very cor i-
Zorubly to the gocd n ote ol o U o very brood vtilisootic
ol yooua plagter covr n- .ol i Rl Lol i

L
Tc thia stould © 2111 bo cdd-1 ¢t
nies have also introduvced ti2 prefuction ol clzmerts Irom
gypsum plaster carton--boerd which consicts cf & cora (co
Tule a paper honz2yccm. , exprlced poalysterens, cte.) costedl
on both 9idea with gy -~um plnater carton-beonrd.

vith regard to e faci thot for the rrciuctiion of p-
sun plaster carton-bo: *d hign qﬂ"l1tv speclal ccrion in g on-
titi:s of approximete  r 1.9 k‘/ﬂ ig “eculrﬁd end2averrs
have been wede all over the world Tor e number of yzozz to
repl:ce tne carton wiia a cheaper raw muaterial, lecs e:cc -
ing :3 regarda quality. Esscntielly this mezns ¢ trancitica
to & nom2zencous digpersicn oF fibie. into the pgypsum plac-
ter 1&8s. Here w2 rcay -e concerncd wiih inorgernic Tibrce
(zlass, mineral fibrec) end orgronic fibzeo (of plant end
animal origin and synt:etic Zibrcs).

The applicaticn <f gleosa £ibres roguizas en entirzl:
diff:rent technolozy (:lesit - CL2). Tha exzerience peincd
with both wineral fibr:a 2ad cyntho le fibres hco cot been
too .Javourable. Aninal fibrcs clc 2lly of no praciiczl
signiflicanco; thus ror:2in only pl;ﬂu origin fityaoc wilen con
be linited to pulp fibres. Fer rcasons ¢f cest it is attroet-
ive to utilize above a-.l vogt2 poper.

As regardas the c:onteaporary stato of the groduction
technology for gypsum plasic cartcii-beend abroed, tiac first
fauctery was built by t.o former conpany ISBELZA in Erleoc
(France), later Poliot ard Chausscil oa the tasis of a pa-
tent of Messra. Knauf (FRG) ia the years 1963 - 6Y. Hero
wag (pplied a wet cuop:nsion technologzy togdtier with the
Hatschek moulding maching wita a cnpacity of 1.5 million
mz/yeur. The commisoioning of the line wea accoopanied by
great difficulties; no detailed reporta have been received
recently whether this plant produces or not.
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The dry production of gypsum plaster fibrebcard is
basically a simple matter; it has, however, its difticulties
and problems that are given by the basic reaw materiu' - gvp-
sum plaster.

Waste paper which is employed as reinforcement, is first
cf all separated in a hammer crusher; the saparated ¢ ..
is placed into an intermediate sturuage %in and shreis .d in
a dry state. The fibres obtained are pneumaticall; cornvuyel
into a bin with the siumultanecus separation of iasufficient-
ly shredded fractions which are returned into th.: first in-
termediate storage bin. The conveyers feeding the two grind-
ing mills are provided with magnetic guurds.

The gypsum plaster is stored in silos that ..*c¢ Trilled
either pneumat.cally or via an elevator. During th¢ extract-
ion of the gypsum plaster for the preparation of ti.: dey
mix with the fibree is added from a separate tin 3.-our’. gyp-
sum rock to accelerate setting. All the three cor:ponen i
(gypsum plaster, gypsum rock, fibres) are thoroushly mixed
to give a homogenous mixture which is conveyel 'riLa a screw
into the working bin of the feed equipment wi.icli spreads
the mixture oanto the moulding conveyer belt. After the re-
quired layer has been applied, it is moistenel ivvith the ne-
cessary quantity of water and continucusly priesed to the
required thicknessa. Atter setting, the atrip is trimmed om
both sides and laterully cut to the required l:ngths; the
obtained board is then rapidly fed onto a truve.ling plat-
form and inserted into the individual asteges of the dryer.

If required, thickness calibration is carr ied out af-
ter drying; the ground off material is returned iato the
gypsum rock bin.

Out of the wmost important technical and eccromic indi-
ces can be given the following:

-

Consuwption of ruw materials, water and energies t »r | mz

thickness 10 mm:

- consuuption of gypsuum pluster 8. kg
- consumption of waste paper 1.7 kg
- water consumption 55 litre
- fuel oil consumptioun 0.5 1. tre
- electric power consumption 1.35 !ivh




A very important technological operation in the manu-
facture of gypsum plaster elements und board is their drying,
i.e. tae reamaoval of the excess make-up water which does
not enter into the reaction with “he binder. At preaent,
drying in the factcries 1s carried out in artificial drying
‘Plunts, usually with hot air.

The entire process of drying gypsum plaster products
can essentially be divided into individual sections which
differ froa 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 diagrsasmmatically in Fig. 13.
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freheating 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 surfuce und 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 - psychrometer. The subse-
quent change to the moisture of the point K | which is called
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the first critical point, proceeds in a linear munner; th. 3
is the 30 called section with a constent drying rate. teyc id
tho point K 1, tho linen> chenzo of the moiantura content =
the material 13 converted into a curve wvnlclh egprc.chico
asynptotically the equilibriun nmoisture; this is the go ct i-
l¢? section of the diminishing drying rate. From the criti-
cal point K 2 the temperature of the nateriul then begins <o
rise rapidly and approuches the tempaerature cf the cabient
environment.

Tha evaporation of moisture fron the surface of the
proiuct depends on the moistur2 diff.rence between the sur -
fac> and inside layers; this difference causes a shift of
moi3ture tcwards the surface from the bottoz leyers exd ar
overall reduction of the moisture of the maturial. In the
course of the pericd of the constant drying rate, this trans-
fer of moisture to the surface via u system of capllleries
prcceeds continuously and the layer bordering on the heat
tranfer wedium (air) has sufficient capabilities for provi-
ding a coanstant rate of mciature removal.

After the first critical point has been attained, tho
rate of drying is reduced due to a lower gupply of molsture
into the cuter layers. Then there cccurs the second criti-
cal peint wkhen the moisturo cvaporation zone 18 transferred
into the depth of the material.

During the period of drying with a constant rate, the
nnsin part of the moisture io recoved frem the gypsua placter
producta. With regard to the intensification of the drying
process, thias period cen proceed vt higher temperatures of
the drying medium, since the temperature of the material
1t3elf i3 1lncreased only slightly during this period and
does not attain a height, at which there could occur dehyd-
ration of the dihydrate. i

Greatest attention should be given to the transition
into the period of the decreasing :ate of drying, eapecial-
ly after the attainment of the seccnd c¢ritical moisture.

A rapid increase in the temperaturc of the material, caused
by a shift of the evuporation zone into the depth of the
pores und cupilluries, can easily lead to dehydration of

the gypsum plaster on the surface and especially on the cor-
ners end edges of the products. The effectiveness of dry-

ing 18 thus given by the tzmperature, moisture content and
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In many countries gypsum plaster is also being used
for plusters which ere characterized not only by high strength
and a high acsthetic effect, but also by a great durabili-
ty, insulation properties and fire resistance. Here we are
usually concerned with a mixture of gypsum plaster and li-
me, somctimes only with pure gypsum plaster.

The development of gypsum plasters has in recent years
been characterized by an 1increase iA?Sroduction of plaster
mixes with a lightweight filler (expanded perlite and ver-
miculite) whicin 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
Republic of Jdermany.

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 asimple application by spraying (spray gun)
speeds up considerably and eniances the quality of finishing
operations on the building site.

To. auxiliary gypsum plaster masses -~ cements - is de-
voted the following chapter.
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9. Gvpsum plaster cements

For the jcining of gypsum plaster elements from cast
gypsun plaster, for work with gypsum plaster carton-board
or fa Jjoining 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 elemenb, 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 aspecific applicutions. Their production is a precon-
dition for the successfu assembly &and erection of elements.

The basic starting component for their production 1is
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,

C Bt T M. 4P .t W wa .

- adhesion to base,

~ period of workability,

- volume changes on setting and hardening,

- wmechanical strength,

- resistance to mildew,

- anticorrosion properties.

The rheological properties are generally improved with
the aid of:

-~ cellulose ethers (alkyl-, hydroxyalkyl- or carboxyalkyl-),

- 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),

- gurfactants, i.e. non-ionogenous or anion-active tenaides
(alkyl- or aryl-sulphonates, addition products of alkenoxides
with fatty acids, alkohols and andnea or phenols),

- various wineral 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 (puste) applied to a suction base to hold back in it-
self the water. This capability is oneé of the most importunt
properties of these waterials, 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-
iocn 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
strenzth of the hardened ypsum plaster, must not form efflo-
rescences ar must be efrfcctive in small concentrations
(0.01 - O.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-
Zer 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 pluster based cement mate-
rials have to be resistant to mildew; this can genera.ly be
achieved thrcugh the addition of organic tin compounds.

Since gypsum plaster cement materials often come into
contact with the metal supporting comnstruction and with me-~
tal door frumes, 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 juantity of Ca(OH), which at the same time influ-
ences favourably the solubility of the employed cellulose
derivatives.
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Sypsum plaster cement materials with satistactory pro-
perties can generally be obtained by the addition of 1 %
me thyl cellulose, 1 % Ca(OH)2 and 0.2 % keratine retarder of
the setting process to the A—-semi-hydrate gypsum plaster.
The composition of théae 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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Utilization of gypsum rock in the cement industry

Portland cement clinker, ground to the relevant fine-
ness without a setting regulator, sets mostly in contact with
water rapidly. In order to attain the current values speci-
fied by the standards for the beginning and end of selting,
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 thc first researchers in this
field, postulated that calcium sulphate or calcium hydroxide
retard in the solution the hydration of C3A and thus cause
a slowing down of the setting prccess.

Forsén waa 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 regulatocrs in-
fluence tha solubility of the aluminates. Forséfl divided the
setting regulators into four groups in accordance with the
type of curves (see Fig. 14) obtained in the system begimning
of setting - quantity of additive, as given below:

I. CaSO4.2H20,>Ca(ClOJ)2, CadJ

II. CaClz, Ca(N03)2'

III. Na,CO NaZSiOJ,

273
IV. Na.,PO Ne,B,0 Na3A30

3F0,» NooB 04, 4 Ca(CHJCOO)z.

In the presence of Group I regulatcra 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 gié% in case of a low content
of the latter. With a higher content, however, the solubility
of the aluminates again rises and the retarding effaect va-
nishea. The Group III regulators act in a similar menner as
the Group II regulators. With a low concentration, the alumi-
nates remain insoluble, whercaas with an increased concentrat-
ion of e.g. NazCO3 there occurs in the presence of Ca(OH)2
their dissolution. The Group IV regulators then piactically
prevent altogether the setting and hardening of the cement.

2'
Cair,, CasS0,.1/2 H,0,
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Fig.1%. Influence ef setting regnlaters en the imitial
setiing

In present day industrial processes there 1is only one
signifiecunt cement setting regulator, i.e. calcium sulphate,
above all in the form of the dihydrate CaSO4.2H20.

A8 far as the mechanism of action of gypsum rock in the
setting of cement is concerned, there practically still holds
true the theéory formulated for the first time by Michaelis
and confirmed by Kihl. According to this theory there occurs
during the coantact of cement with water »n immediate hydrat-
ion of CSA with the formation of hexagonal C4AH13 which 1is
unstable and 13 transformed into the stable cubic form
CjAHG‘ in the form of colloids with a very high water con-
tent that cause setting. In the presence of gypsum rock,
however, 13 forued first of all metastable aluminate-hydrate
3 Cao.n1203.3 03304.}2 H,0 - trisulphate, Ettringite, Can-
dlot’s salt which crystallizes from the solution in the form
of needle-shuaped crystals, thus retarding the beginning of
Lhe setting process, until either all the 803 lons are con-
Aumed or antil the actual setting .covers up this reaction,
Jut alrcady Michaclis found out also the destructive effect
-f this trisulphate and called it therefore the “"cewment
sucillus”,
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During the hydration of C4AF are formed accoxrding to
agericsn and Soviet authors aluminate-hydrutes; in the pre-
sence of gypsum rock also calcium-aluminate-sulphutes, 1i.e.
beside trisulphate, identified by Lerch, Ashton and Bogue,
also monosulphate jCaO.A1203.CaSO4.l2H20.

Gut of numerous investigations carried out for the pur-
pose of clarifyirg the action of gypsum rock, should be men-
tioned especially the work of Lerch, according to the results
of which the necessary 503 content influences as a setting
regulator not only the CJA content, but elso the fineness
of grind and the alkuli contents, especlally the Na20 con-
tent. For these factors determined O.F. de la Barona, with
a SO3 content of 2.5 - 4.0 %, the following values: 0.8 %
alkalis, 8 % CJ
of 3,290 cma/g.

As regurds the mechanism end formation of aluminate-
-sulphate hydrates, J.D. Ans and H. Eick have found that
with an increasing gypsum rock content is decreased the mono-
syphate countent, for the benefit of trisulphate, until the
‘f%rmer aluwost vanishes, and with a sufficiently high 503
content only trisulphute i3 formed. The SO3 concentration
in \the solution is markedly increagsed only when all the mo-
nosulphate has been converted into trisulphate.

A and a specific surface according to Blaine

For interest’s suke it can be stated that somo authors
beljeve that trisulphate is not otable and is decomposed
after a certain period of time with the formation of solid
solpitions with aluminium hydrate and Ca(OH)2 that correspond
in gomposition to monosulphate. But other authors state con-
verse ly that wonosulphate is a metastable form which in
corjtact with water that contains dissolved calcium sulphate,
is/ gradually trunsformed into stable trisulphate.

: But generally prevails the view that the final product
of the reaction between C3A and calcium sulphate in an alka-
line environment is always trisulphate.

It follows from the above brief summary that the calcium
‘sulphate content plays, 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-~
ruble extent also the strength of the cement, beside other
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equally important fauctors which are the alkali coantents,
the rincness of grind and the storage temperature.

The task of calciun sulphate is directly linked with
the solubility of its individuel hydrates. If the cement
contuins the more soluble semi-hydrate, there occurs an in-
stantuaneous supersaturation of the solution with calcium
sulphate which manifests itself by a so called false setting.

From the point of view of cement manufacture is of
great significance the fact, to what exteat can gypsum rock
which 18 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 importunce the anhydrite
content. Laboratory tests have showmn thadaqy quactity of
anhydrite ip the gypsum rock iEgeolf influences neither sett-
ing nor soundoness. It causes, however, an increasz of the
water quantity for a aormal consistence which in its conse-
quences negatively influences the strength of the cement.
This circumstance led to the conclusion that the anhydrite
countent in the gypsum rock should not exceed the limit of 30 %.

As regards the optimum SO3 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 SO3 content is dependent on the 03A content,
there manifests itself in recent years in certain national
standurds a tendeancy tu introduce a standard limit for the
:503 content in accordance with the C3A ccntent.

A number of authors have dealt in recent years with
the problem of porsibilities of utilizing by-product calcium
sulphates in the function of cement setting Eégulatora. At
the sume time was naturanlly iavestigated also the influence
of the contents of the present potentially dangerous sub-
stances (water soluble PZOS' 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 this additi-
ve is generally reduced trom the usual 5 - 6 % of gypsum
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rock to 2 - } % of by-product gypsum. This fact is due to
a different crystaliine structure, from which follows a high-
er solubility.

For your general information it is pousible to present
a classification of gypsum rocks for the production of gyp-
swn plaster binders und cement according to the Internatio-
nal Standard IS0 1587 (1975). This stenierd specification
divides natural gypsum rock into 4 clcsues according to the
dihydrate contents Tg :

~

Class 1 g o 50 %
Class 2 80 Tl 90 %
Class 3 70<. Tg C 80 %
Class 4 55 < Tg 7 T0% .

The higher quality classes are oo a rule utilized for
the production of gypsum plaster, the lower grades as cement
setting regulators.

For the sake of cowpleteness shuuld be mentioned that
in 1966 was published a tentative draft of the Document
{30/TC 74/5C2 (U.K.-3) 63 Draft Prcpcoul for an ISO Recommen-
dation "By-produci uypsum™, put together by A.C. Tallentire -
from ICI Ltd. This material liatse tho following criteria for
the chemical composition of by-produci gypsum:

Combined water - This shall not be lcoo than 17.5 % of the
weight of gypsun.

This shall not bo greater than 20 % of the
ignition weight of gypsum,

Sulphur trio- Shall not be leas thuan 42 % of ths dry gypsum.
xidoe content :

Total loas on

Calcium oxide

Shall not be less thun 2/3 of the sulphur

content trioxide content.

Total phosphate- Expressed as P205. The total P205 content

content shall not be greater than 7.25 % based upon
the weight of gypsua.

Acidity ~ As a partial measure of the soluble PZOS con-~

tent (phoaphoric acid:uonocalcium phosphate),
the acidity when doteruined by the method gi-
ven, shall not exceed 50 mls of N/10 sodium

hydroxide. i
Fluorine -~ Shall not exceed 1.8 % by weight, based upon
content (F) the weight of dry gypusum.

H
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Iron and -~ Expressed as Fe203.Ale}: the combined iron

aluminium and aluminium content as expressed as R203

content shall not exceed 1.1 % by weight when based
upon the weight of dry gypsum.

Organic con- - Expressed as carbon (C). The carbon content

tent shall not exceed O.1 % by weight of the dry
Zypsum.

In accordunce with currently availuble information, no
further work haus been done by the relevant 1ISO Commission on

thiy draft.
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17. ' es ting

I'he testing of gypsum plaster gerves to prove its queali-
Ly in the senae of the technical requirements of the quulity
standard; in production it then serves for the control of the
technological process.

Out of the fundameatal propertie¢s of gypsum plaster
which are as a rule stipulated in the national standard spe-
cificutions, the following can be listed:

- finenass 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 generally deteruined as the
reat on a sieve with an appropriate mesh size. The mesh si-
zes are in accordance with the standurd specifications of
varicus countries usually 0.09; 0.2; 0.Y%; 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 + 2 °C. The fineness
of grind 18 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 puste 19 determined in accordance
with the stundard specifications of various countries as a
rule as _

- the water-gypsum plaster ratio,
-~ bulk quantity,
~ 9tandurd consistence.

The water-gypsum plaster ratio expressea 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 as
follows: into a metered quantity of water is poured at a




deternined rate gypsum plaster up to the moment when the
2loas «f the water level disappeers. The result 13 the avera-—
ge value out of three deterwminations which do not differ from
one ancother by more than 5 grams.

The standard consistence 18 deteramined by puuring out
the cuke, the penetration of a steel ball through the puste
or the penctration of test cylinder of the Vicat apparatus
through the gypsum pluster under test.

The pouriang out of the cuxe i3 tested elther with the
aid of the southard cylinder or the conical test mould of tne
Vicat apparatus. The teai 13 repeated with a different water
Quantity, until the diameter of the gypsum plaster cuke,
stipulated by the standard specification, is obtained.

Analogical 13 the procedure during the testing of the
penetration of a steel ball (dismeter 29.4 mm, weight 66.7 g,
height of faull 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 deneity deterumination
cyli 7-r with a diameter of 19 + O.1 mm #nd a tctal weight
of the moving parts of the apparatus of 50 + 0.5 g.

The beginning and end of setting is generslly determined
on a gypsum plaster paste of standard consistency. For prac-
tical purposes is often employed the test on cakes. The be-
ginning of setting is characterized by the time frow mixing
the gypsum plesater with water up to the mcment when a cut
with & knife into the cake no long~r cluszs itself. The end
of setting is then the woment when thuub pressure applied
to the cake surface no longer causes an impriat.

Exact 1s, however, the Vicat method which utilizes the
Vicat needle with a dismeter of 1 + 0.0Y am, with a total
weight of the moving parts of the apparatus ot 3CO * 0.5 g.

‘he beginning of setting is given by the moment when
with a free penatration through the gypsum plaster paste
the needle no longer reaches the watch glass, on which rests
the conical would. The end cf setting is determined by the
instant when the needle does not penetrate into the test
speciumen surface deeper than 0.5 mm.

Linear changes are generally tested with the aid of
the Graur-Kautwann instrument with a dial indicator. The tests
are carried out on specimens 40 x 40 x 160 mm, provided
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with metal measuring contacts; the specimens are prepared from
a standard coasistency paste. The tests are generally carried
out in accordaunce with a preset prograrme, in which are spe-
cified the storage conditions (time, humidity, temperature).

Hardness is usually determined from the diumeter or
depth of the imprint of a eteel ball with a diameter of 10
am, caused either by free fall or by a preasure of a stipulated
value, measured with a dynamometer.

‘The tensile bending strength is determined 1n most cases
on prisms with the dimensions 4C x 40 x 160 mm. After the
rupturing of the latter, on the fragments is then determined
the compressive strength on a compression area of 25 cmz. The
specimens are prepared from a standard consistence paste.

‘The testing time is usually selected after two hours and af-
ter drying to & constunt weight. If we are dealing with slow-
ly setting gypsum plasters, the beginning of the test period
i8 usually shifted (e.g. 6 - 8 hours). The strength is ex-
pressed in MPa. During both the bending strength test and

the coupressive strength test must be maintained the permis-
s8ible rate of loading of the test speciamen.

During the chewmical analysis are generally determined
the contents of
- moisture,

- water of crystallization,

- 3102,

- Ca0,
- 503,
R203 - .
Moisture is determined by drying to a constant weight
at a temperature of 50 + 2 °c.

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

5102 1s determined after t.ae decomposition with hydro-
chloric acid, drying and s¥bsequent filtration by the usual
graviwetric method.

In the rxlt;ate is determined R203 by precipitation
with smwoni: and in the next filtrate then Ca0 in the form of
oxalate. Additionally it is also possible to determine the
MgO content as pyro-phosphate.,
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50‘ 13 determined i1n a separately weighed specimen
aiter the decowmposition by hydrochloric acid as ua:504.

In a auwber of casevs are, however, applied also modern
titration wethods, as well as physical and chemical methods.
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12. ¢ onclusion

The muterisl presented is a brief cross-sectional infor-
mation about the problema of gypsum plaster and gypsuu plaster
products wuanutfacture and about problews that are associaied

- * 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.

[n conclusion isa presented a brief summary of the che-
mise of gypsuw rock 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 ccmplex of
problems where every chapter could be elaborated further
into an axtensive 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 und contribute to the development of the

¢ gypsum plaster indusiry. The broad poteatial applications
of gypsun plaster products in industry, and ebove all in the
¢ building industry, fully deserve this.







