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Bhemihydrate is used as the starting material. For the
manufacture of gypsum plaster, natural as well as by-
product gypsum are calcined in kettles, mechanized
pans. rotary kilns or autoclaves. Extensive work has been
carricd out at the Central Building Rescarch Institute,
Roorkee (CBRI). regarding the processing and calcina-
tion of by-product phosphogypsum and natural gypsum.
Various types of building boards such as fibrous gypsum
board and glass-reinforced composites have been deye-
loped from the f-hemihydrate plaster. To make gypsum
plaster suitable for exterior use, a water-resistant gypsum
binder of high strength and low water absorption has
been developed from phosphogypsum.

In the present paper, the properties and uses of
gypsum sheeting materials like fibre-reinforced gypsum
boards, paper-coated boards and gypsum fibreboards
have been highlighted. The characteristics of a newly
developed water-resistant gypsum binder and its use in
glass-reinforced gypsum composites are described. The
wood-like properties of gypsum boards suggest their use
as an alternative to timber, both for exterior and interior
applications,

Materials and methods
Availability of gvpsum

Natural gypsum. Indian reserves of natural gypsum are
placed at about 1249 million tonnes but the reserves are
limited to 286 million tonnes only*. The production of
mineral gypsum in India and abroad is given in Table /.
The bulk of production of gypsum in India of low-grade
70-80% CuaS0,.2H,0. accounting for 86% of the total
production, followed by grades 80 859 "uS0OL2H0
(7%). 85 90% CaSO,.2H.O (6) and above 90%
CaS0,.2H.0 (1%).

By-product gypsim.  Besides natural gypsum, about
4.5 million tonnes of phosphogypsum are obtained as a
by-product from the phosphatic fertilizer industry. With
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crystallization in the form of steam, giving the appear-
ance of boiling resulting in the formation of -hemihyd-
rate plaster (CaSO,. ¥%2H,0) which contains about 6.0%
of the remaining water of crystallization. This is called
plaster of Paris.

An energy-efficient gypsum calcinator with a capacity
of 7.5 tonnes per day has been developed and commer-
cialized by CBRI for making uniform-quality plaster of
Paris®. The calcinator has a low fuel consumption of
about 40 kg of coal (Cy 5500 kcal kg-') per tonne of
charge, compared with 200 kg used in the traditional
open-pan calcinator, and ensures a higher thermal
efficiency of about 80%.

Fibre-reinforced composites

The internal surfaces of the walls and ceilings of most
buildings are finished by applying plaster in one or more
coats. In order to reduce the requirement of site labour,
the use of building board such as gypsum plasterboard,
fibre hardboard and asbestos cement building boards as
coverings for the walls and ceilings is increasing steadily.
The gypsum products are light, porous, dry and non-
brittle with good working and practical properties. They
also have specific fire-resisting propertics. For these
building materials f-hemihydrate is the starting material
which is known for its rapid setting and wide accepta-
bility by plasterers the world over.

Different types of gypsum boards such as gypsum
plasterboards, fibrous gypsum plasterboards, gypsum
fibreboards, gypsum-bonded particleboards and glass-
reinforced gypsum (GRG) are being produced through-
out the world. These products are considered as an alter-
native to timber in view of their similarity to wood. A
brief account of these products is given below.

Gypsum plasterboard

Gypsum plasterboards consist of a gypsum plaster core
with or without fibre encased in and firmly bonded to
strong durable paper liners to form rectangular boards.
The paper surface may vary according to the use of the
particular type of board and the core may contain addi-
tives to impart additional properties. The longitudinal
edges are covered by paper and profiled to suit the appli-
cation of IS 2095-19821°,

In India gypsum plasterboard, popularly known as
gypboard, is now produced by India Gypsum Ltd at
their factory in Jind (Haryana). It is a joint venture
company promoted by Hyderabad (formerly Hyderabad
Asbestos Cements Products Ltd) and BPB Industries Plc,
UK, Europe’s largest manufacturer of gypsum plaster-
boards. India Gypsum has packages of products and
systems for the purposes of sound and durable wall lin-
ings, partitions or as claddings to structural stecl col-
umns and beams and suspended ceilings, assuring speed,
ease of fixing and low overall costs. The boards may be
cut, sawn and can be fixed by nailing, screwing or stic-
king with gypsum base or other adhesives. They may also
be inserted in lay in grids and/or secured by clips. Tuble 3
gives the properties of gypboard.

Gypsum plasterboards are also further processed into
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Propertics

Density (g cm™)

Compressive strength

Transverse load

Thermal conductivity

Fire propagation index of performance a(f) not exceedin
(both sides), class I (both sides). When each side teste
Surface spread of flame when tested to BS 476: Part 7, 19711

(N mm-2?) (N) (kcalm-'h-'°C-1)
1.0-1.1 8.1-13.1 o =
1.3-1.4 22-30.0 - =
1.6-1.7 30-33.3 X - -
1.0-1.1 - 350-500 0.14-0.17
0.9-0.95 2.5-35 - 0.13-0.15
0.42-0.43 1.5-2.0 - -
"
Square Tapered Bevelled Rounded
9.5 12.5 15.0, 19.0 23.0, 25.0
619 914 1219
610 1220 2438
8.0 10.5 12.80 20.0
(9.5 mm) (12.5 mm) (15.0 mm) (23.0 mm)
0.06 (9.5 mm) 0.08 (12.5 mm) 0.09 (15.0 mm)

g 12 and a subindex (i) not exceeding 6
d separately to BS 476: Part 6, 19811,
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Figure 1  Effect of fibre content on transverse bending load

-3
o

o
o

wu
=}

e

Transverse bending load (kg)
g

=@ Sisal + Coconul

30 ==O—= Sisal + Mestha
==0— Sisal + Bhabar
20
50:50 55:35 80:20 90:10
Fibre Ratio

Figure 2 Effect of mixture of different fibres on transverse bending

load

Construction and Building Materials 1994 Volume 8 Number 3 157




It can be seen that the fibres
ough surface. Sisal fibres in

zed gypsum crystals,

ity (K) of fibrous gypsum plas-
kcal m~! h~=! °C-! compared with
for 6 mm thick asbestos cement
700-1800 kg m=3. The grading
f 12 mm thick plasterboard is 30
superior to fibre building boards in
s are likely to suffer losses in
roperties as they are exposed to
ence, these boards are recom-
ications only.

FB) is a new building material
resent for dry, interior building
als for the manufacture of GFB are
85% CaS0,.2H,0) and waste
8, the cellulosic fibres produced
are intimately embedded in the
the homogeneous distribution
ete board, the cellulosic fibres
tand bind the gypsum composite
elastic. Sometimes a surface coat-
ed to the board which increases its
Significantly. Siemkel Kemp", a
S brought the manufacturing pro-

_uri.ly. At the beginning of industrial

FB plant (Wurtex(Process)) with a
™1 of board of 10 mm thickness is

. _'ﬁre resistant and possesses excellent
“Ploperties. Laminated GFB with plastic
> nd wood veneer can be produced.
used for partition walls inside large
ftyed buildings. GFB is not available
but the Bureau of Indian Standards

| m Building Materials 1994 Volume 8 Number 3

winforced composites: M. Singh and M. Garg

has taken the initiative to formulate a standard specifica-
tion of these boards for the consumer in the near future.

Gypsum-bonded particleboard

Gypsum-bonded particleboard is being produced in
Scandinavian'¢ plants that utilize the semi-dry process
developed by Kossatz!?, In the conventional manufactur-
ing processes of gypsum-bonded building boards,
gypsum plaster is utilized in a highly viscous or liquid
state (water/gypsum ratio 0.7 to 0.9). Theoretically a
walter/gypsum ratio in between 0.15 and 0.19 is suflicient
to obtain the complete reaction of hemihydrate to dihyd-
rate. In this process the wood furnish (flakes, particles or
fibres) provides sufficient moisture for the binder to set.
The properties of gypsum-bonded particleboards pro-
duced by the semi-dry process are comparable with or
superior to gypsum-bonded board products, such as
plasterboard and gypsum fibreboards (Table 4).

End-use characteristics and applications for gypsum

Bonded particleboards Ny

1 Gypsum-bonded particleboards provide a surface for
a variety of surface systems (e.g. wood vencers,
decorative papers and plastic foils) and satisfactory
bond qualities can be obtained with commercially
available adhesives.

2 Gypsum-bonded particleboards perform better than
other wood composite boards when exposed to fire.
This can be ascribed to the 20.0% water of crystalli-
zation present in the gypsum. On conflagration, the
water evaporates and forms a vapour which acts as a
barrier in between the flame and the board. This
property opens up possibilities for the use of gypsum-
bonded particleboards as interior wall panels in com-
mercial buildings and in schools, hospitals and
hotels.

Water-resistant gypsum binder and its use in GRG

It is well known that gypsum plaster is a cheap binder
but its use is limited to internal applications on account
of its poor performance with water. Attempts have been
made to make gypsum plaster partjally or fully water
resistant'® by applying surface coatings, immersing in
aqueous solutions of Na,CO,, H,PO,, or Na,PO,, using
integral admixtures or using polymers and emulsions.
These treatments could not be adopted commercially
because of the high cost of the chemicals involved in their
preparation,

A durable gypsum binder was produced by blending
ground granulated slag, ordinary Portland cement and
an organic retarder with the calcined phosphogypsum
(B-hemihydrate). The gypsum binder has an initial set-
ting time of 70 min and a final one of 145 min; the 28 day
compressive strength is 35.0 N mm-2, soundness 1.60
mm and water absorption 6%. The main hydration pro-
ducts which improve the stability of the gypsum binder
to water were identified as ettringite (3Ca0.Al,O,,
3CaS0,4.32H,0) and tobermorite (3Ca0.25i0,.3H,0).
The binder possesses good water resistance compared
with plain plaster',
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der composites and some conventional building materials

Property
Bulk density Flexural strength Impact strength Waler absorption Swelling
(gcm-?) (N mm-?) (N mm mm-?) (%) (24 h)
1.2-1.3 4-5 1.0 35 1.0
1.3-1.4 7-10 1.5 32 09
1.6-1.8 15-30 12-20 30 0.5
1.5-1.6 20-25 16-18 16 04
1.1-1.2 6-10 - - 25
0.8-0.9 3-8 - 35 2.0
1.1-1.3 5-8 - - 2.0
0.8-2.1 14 4.5 70 26
4 2.1 18-23 2.0 - 0.60
;RC) 2.1 30-50 15-30 = =
d 1.1-1.3 9-15 - = 2.0
cleboard 0.65-0.75 12-24 = = 11-15
0.9-1.15 4849 - 22 24
0.8-0.83 12-13 - 16 13.5-14.5

binder composites

ike other inorganic cements, is strong
Wt weak in tension and has low impact
le properties prevent the effective utili-
ive strength in structural appli-
rted that a gypsum composite of
ed tensile strength can be pro-
ype glass fibre into the gypsum
rication techniques?. The use of

um binder was examined for the
-reinforced binder composites

g chopped glass fibre (4%, 5 mm
binder—water slurry. The proper-
RGB boards are shown in Table 4

8ing the gypsum composites in water
days. After 3 days of immersion

an the composite based on plain
4), indicating the better water resis-
mpared with the latter. The effect
#iNg and drying and heating and cooling
WEC on gypsum binder composites has

iSewhere?!,
Of the properties of timber and can be
¥ed and nailed. It can also be polished
t with almost identical mechanical
[ections in contrast to timber which is
‘fglcross the fibre direction. As a result
Inner GRG boards may be produced
Cr panels, bringing substantial sav-
N be used in door panels, structural
ds, furniture, etc.

M plasterboards of comparable
:Oards produced with plain sisal fibres

can be produced by using sisal and coconut coir
fibres (80:20 parts by weight).

GRG boards of higher strength and better water resis-
tance can be produced by reinforcing gypsum binder
with glass fibres. '

The use of newly developed water-resistant gypsum
binder from phosphogypsum by-product would be
an asset for all types of gypsum boards. The water-
resistant gypsum binder will definitely increase its
scope of utilization in GRG sheets, particularly in
exposed applications. The production of gypsum
binder from industrial by-products will thus help in
disposal and pollution abatement.

The use of gypsum boards will conserve scarce wood
and enhance the national economy.
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