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tract
;

effect of length and content of E-type glass fibre
the strength properties (flexural, tensile and
act) of water-resistant gypsum binder was
lied. The data show that maximum strength was
lined on using 40% of glass fibres 50 mm long.
performance of gypsum binder and that of
n plaster composites in water was investigated
mmersion. The results show absence of leach-
of the matrix in gypsum binder as compared
i plain plaster composites. The mechanical
serties of gypsum binder composites obtained
curing in high humidity (> 900% relative
ldity at 274 2°C) and in water, in air and by
iral weathering were compared. In general, an
ease in composite strength was noticed but best
Its were found when the composites cured in
L humidity.
1e durability of glass reinforced composites has
! as:sessed after exposure to alternate wetting
drying cycles at 27-50°C. The strength reduced
the weight loss increased with the increase in

;féature. The maximum fall in strength occurs
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{TRODUCTION

su ' i i i
m plaster, like other Inorganic cements, is-

:;gn HLcompression but weak in tension and has
"enf"t]ﬁ:; it;feng'th. Tl}(?se jbrittle characteristics
o €ctive utilization of the high com-

rength in structural applications. Some
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improvement can be achieved by incorporating

“organic fibres (e.g. sisal, coconut)! A much

greater improvement could be expected to result
by incorporating glass fibre reinforcement in the
gypsum plaster matrix and a composite of
improved tensile and impact strength can be pro-
duced.? The fire resistance of such composites is
far superior to that of plaster reinforced with
organic fibres.> The strength characteristics of the
glass reinforced gypsum composites can approach
that of sheet timber but they have higher densities
and fixing problems.*

It is well known that gypsum plaster and plaster
products are not suitable for external use on
account of the solubility of gypsum in water (2
g/litre). Attempts have occassionally been made
to make gypsum water-repellent.>”7 Owing to the
high cost of these treatments, the processes
developed so far could not be adopted commer-
cially. Therefore, a water-resistant gypsum binder
suitable for masonry work and plaster has been
developed utilizing by-product phosphogypsum
plaster, slag/fly ash, cement and a small quantity
of organic retarder® In India, about 4 million
tonnes of phosphogypsum is produced annually
from over a dozen phosphoric acid fertilizer
plants. It contains impurities such as phosphate,
fluoride, quartz and organic matter” which
adversely affect the setting and hardening of
plaster products. Extensive work regarding its
processing and utilization has been accomplished
at the Central Building Research Institute,
Roorkee.!%!!

There are two main methods of reinforcing
gypsum with fibre materials. One method is to
concentrate the fibres in the tensile zone of the
resulting structural element so as to match the
external tensile force and use the matrix to match
the external compressive force. The other method
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@
1o disperse the gl
trix so as to form a

ass fibre uniformly in the
homogeneous mixture. This

ures a high degree of stress distribution by the -

e, which then acts as a crack arrester. The
p:)geneous dispersion of the glass fibre in the
trix ensures uniform distribution of fibres and
»ss when the resulting composite mat.erlal is
med into sheets. It is this method which has
in selected for the developmeng_of new compo-
y material in the present work. :

Slass fibre reinforced gypsum binder com-
sites were produced by using E—pre glass fibre
i newly developed water-resistant gypsum
der. The effect of glass content on the proper-
; of composites and its durability, studied l?y
srnate wetting and drying cycles at 27-50°C in
ural weathering, in air (at ambient tempera-
e) and in water, is reported in this paper. The
ults of these investigations are discussed.

MATERIALS

Gypsum binder

the present study, a water-resistant gypsum
der was produced by blending ground granu-
:d slag, ordinary portland cement and an
anic retarder with calcined phosphogypsum
hemihydrate) in a ball mill to obtain a uniform
iduct. Phosphogypsum processed by washing
| neutralization was used for making the cal-
ed material. The main hydration products in
gypsum binder were indentified as gypsum,
ingite and tobermorite. The binder possesses
d water resistance as it does not show leaching
vater up to 28 days of immersion, while plain
ster shows leaching after three days of immer-
1in water.

['he physical properties and chemical composi-
1 of the gypsum binder are given in Tables 1

Glass fibre

' the reinforcing material in this programme,
pped uncoated E-type glass fibres (FGP India
l, Ne.w Delhi, India) were used. The physical
iperties of the glass fibre are given in Table 3.

LXPERIMENTAL PROGRAMME
Preparation and testin

pray suction tec
38 fibre reinfore

: g of composites
hnique was used to cast the
ed composites. An air-tight

Table 1. Physical properties of water-resistant gypsum
binder

Fineness, cm?/g 3100
Seuing time, min

Initial 70

Final 145
Bulk density, g/cm? 12
Compressive strength, MPa (28 days) 350
Soundness, mm 1:60
Water absorption, % 60
pH 115

Table 2. Chemical composition of gypsum binder

Consituent Percentage by wt

S§iO, + insoluble in HCI 820
A[203+Fe203 9'00
CaO 37-30
MgO 1-80
SO, ~ 3965

3 P205 S 0'] 5
F 0-058
Organic matter 0-090
Na,0 +K,0 0089
Loss on ignition 410

Table 3. Physical properties of E-type glass fibre

Diameter of the fibre filament, gm 8-10
Number of filaments in a strand 204
Tensile strength of glass fibre, MPa 1750
Young's modulus of glass fibre, MPa 6890-7600

funnel was fabricated with a top made of a per-
forated metallic plate. The funnel was attached to
a vacuum pump. Before casting composites, a wet
linen cloth was placed on the perforated plate
followed by brass moulds of dimensions 150
mm X 50 mm X 12 mm. A gypsum binder-water
slurry was prepared at 67% consistency (quantity
of water required for 100 g of binder to produce a
workable mix) and poured into the brass moulds
up to a thickness of 5 mm. The chopped glass
fibres were then placed randomly over the surface
of the gypsum binder followed by another layer of
gypsum binder and glass fibres. After the extrac-
tion of water for 15 min, the sheets were
demoulded and stored under 90% RH at 27 £ 2°C
for a period of 1-28 days.

For impact and thermal conductivity tests, the
glass fibre reinforced boards (250 mm X250
mm X 12 mm) were cast and cured in high humid-
ity in a sealed container for a period of 28 days
and then dried at 42°C for two days.

7]

L_J‘

s

I

o

R g e o

s

l 0



Strength of gypsum binder composite 25

' T

TESTIN

1 Flexural strength :
exural strength was determined on 50 mm

150 mm specimens tested under three-point
ading on a span on 135 mm in a universal test-
g machine. A constant cross-head speed of 25
m/min was used for all flexural tests.

2 Tensile strength 4

y determine tensile strength, 25 mm X150 mm

ecimens were tested. The specimens were
amped in the flat grips of the Instron testing
achine, which had a self-aligning joint at the top
d loaded at an overall elongation rate of 2-0
m/min; the ultimate load was recorded. The
uge length of the specimen was maintained at
i mm during the testing for all samples.

3 Impact strength

falling-weight method as specified in 1S2380-
163 was adopted for testing impact strength.
scording to this method, the test specimens (250
m X250 mm X 12 mm) were evenly supported
a rebated square frame without fastening. A
ock, whose weight was previously recorded,
ving a mild steel hemispherical end with a
dius of 25 mm was allowed to fall first from a
ight of 25 mm measured from the upper surface
the test specimen and then from successive
ights rising in increments of 25 mm until failure
the test specimens occurred.

4 Thermal conductivity

¢ thermal conductivity of gypsum binder
mposites was determined by the guarded hot-
ite method as described in the 1S3346-1966
scification of a method for the determination of
» thermal conductivity of thermal insulation
terials. In this method two identical gypsum
ider composites of size 300 mm x 300 mm x 12
n placed on either side of a horizontal heater
iembly were sandwiched between the cooling
ites. .This arrangement was then placed in a
ge insulated box packed with insulating

;te;iai to reduce edge losses and convective heat
nsfer.

DURABILITY STUDIES OF
'MPOSITES g

e du_rability of the glass reinforced gypsum
S8 was examined by determining its

npo,

behaviour in (1) water; (2) air, natural weathering
and high humidity at 27 + 2°C; and (3) wetting and
drying cycles.

5.1 Wetting and drying cylces
The gypsum composite strips (150 mm X 50 mm),

hardened in over 90-0% relative humidity at

271 2°C for a period of 28 days, were subjected
to alternate wetting and drying cycles at different
temperatures from 27 to 50°C. One cycle of wet-
ting and drying comprised heating the strips for a
period of 16 h at different temperatures followed
by cooling for 1 h and then immersing them in
water for a period of 7 h.!? After a certain number
of cycles, the flexural strength and weight loss of
dry strips were determined.

The microstructure of the composites was
studied with a scanning electron microscope
(SEM,; Phillips, The Netherlands). -~

6 TEST RESULTS AND DISCUSSION

6.1 Optimization of glass fibre

The effect of glass fibre, i.e. its content and length,
on the physical properties of the gypsum binder
was studied. The relationship between flexural
strength and glass content at different fibre
lengths is given in Fig. 1. It can be seen that the
strength of the composite reached a maximum
value at 4-0% glass fibre content and then fell off.
The fall in strength may be attributed to the
decrease in the quantity of binder and improper
compaction, which induces voids in the
composites.

The relationship between tensile strengths and
glass content is given in Fig. 2. It indicates a simi-
lar type of behaviour to that observed in the case
of flexural strength. Figure 3 gives a linear rela-
tionship between -impact strength and glass con-
tent. The increase in impact strength is due to a
crack-arresting mechanism induced in the compo-
sites by incorporating the glass fibres. A crack
originating in the highly stressed tensile zones of
the matrix propagates and, on reaching the fibre,
grows along the weak interface of the matrix and
fibre. Thus, the energy of the impact or fracture is

dissipated along the fibre-matrix interface and the -

fibres are pulled out.

Figure 4 shows the relationship between the
density and the glass content. With an increase in
the glass content, the density remains fairly
constant.
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Fig. 2. Tensile strength and glass content of glass reinforced gypsum binder.

;il;ire IS no vgrlation in the_ quality of experi- On the basis of optimization of glass fibre,
gypsum binder composites as measured in

3 658 Skl L i composites were cast with 4% of their glass fibres

ile strength, Th f%ﬂgt » Impact strength and 50 mm long. The properties of these composites !
o COmposites (e. exural strength of gypsum were compared with those of plain gypsum plaster
sttt six) was within 7% variation composites cast with a similar type of glass fibre.

act strengths o?vg;a%3 Whél-e the tensile and The results are reported in Table 4. .

fieh case) lay psum binder composites It can be seen that gypsum binder composites

e e Within 5% variation levels of have higher strength than the ones made with
CTage. plain phosphogypsum plaster. The data show that
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Fig. 4. Effect of glass fibre content on density.
Table 4. Properties of glass fibre reinforced gypsum binder composites
Property Gypsum binder Plain gypsum
composites plaster
composites
Bulk density, g fcm? 1628 1-20
Consistency, % 65-00 81-00
Flexural strength, MPa : !
1 day 1070 496
;’ days 1217 497
S days 1321 498
o8 days 22:00 496
; ensile strength, MPa (28 days) 1800 275
mpactstrength, N/mm? (28 days) 1860 1020

Thermal conductivity, kcal/m h°C 0:09 012




7

A =
M. Singh, M. Garg 7
L2 it
] 40 !77;;!
. o
by
=2 301
2 o
3 e
y i
@20 -
g e a3 b
(] i %
L+ ¢
o 10 | i
ES —o— PHOSPHOGYPSUM BINDER COMPOSITE
—A— PHOSPHOGYPSUM PLASTER COMPOSITE
o L [ L L 1 A L L SRR L
1 4 ) 10 13 16 19 22 25 28
TIME (DAYS)
Fig. 5. Effect of water immersion on the water absorption of composites. e
12
) L
L 10
E \‘\A
Siiig'L ® iR
(e
2
6 =
& )
wn
2 4 =0— PHOSPHOGYPSUM BINDER COMPOSITE
§ —%— PHOSPHOGYPSUM PLASTER COMPOSITE
w
[: 2 _X"-'—x_-—-—-—-)(.‘
0 LL 1 L 1 L 1 1 1 1 i-}\:
1 4 7. 10 13 16 19 22 25 28

TIME (DAYS)
Fig. 6. Effect of water immersion on the flexural strength of composites.

,7strength of the binder increased from one day

28 days but the strength of the plain gypsum

iter co i < Aulis
; mposites remained almost constant 7.1 Performance of composites in water !
T one day of curin '

. The hi 4 i ' i i
ISt B Pt © g The high strength deve The fibre reinforced gypsum binder composites

7 DURABILITY OF GYPSUM COMPOSITES

Um binder over the plain plaster ~ hardened for 28 days were dried and then
?:;tm?“’ngil;:zs Cfan be ascribed to the immersed in water to measure their water absorp-
\.CaS0,.32H.0 é’r(“(l)ed (SCJSZHX, C;AH;,  tion and flexural strength after different periods.
sistency of the % : ’d a(OH),)® and to the low The effect of immersion in water on the water

Jhder. absorption and flexural strength of binder compo-
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s is shown in Figs 5 and 6.respect1vely. Figure
shows that water absorption of the gypsum
der composite is lower th.an that of t.he.plam
ster composite. This finding clearly 1pdlcates
absence of leaching of the gypsum binder. It
| be seen from Fig. 6 that the flexural strength
‘he gypsum composite is much higher than that
the plain plaster composite. The results shgw
t at 28 days the gypsum binder composite
ained 42:0% of the original _strength whereas
plain plaster composites retained only 7:0% of

original strength.

" Effect of air, water and exposure to the
10sphere on gypsum composites
yre reinforced gypsum composites after only 2 h
or their casting and demoulding were exposed
air at ambient temperature (29+2°C) and to
outside atmosphere for a period of 1-90 days.
g atmospheric temperature variation was
45°C (maximum) and 22-27°C (minimum)
| the humidity variation was 40:0-65%.
the case of water immersion, 24-h hardened
nposites were used. The composites were also
osed to 90:0% relative humidity at 27 +2°C.
: composites, after different periods of harden-
. were tested for their flexural strength without
her processing. The results are given in Fig. 7.
revident that with the increase in curing period
strength of the composites decreased in the
owing order for the same period. -

Water > air > natural weathering
vas found that after 90 days in water the com-

posites retained 83-15% of their original strength
(composites cured at 27 +2°C in over 90% RH).
Composites cured in air and exposed to the
atmosphere retained 4764 and 37:50% of their

- strength values. Although the strengths decreased,

there was a progressive increase in the strength of
the composites with an increase in the curing
period,

The attainment of high strength in water-cured
composites may be attributed to the hydration of
the gypsum binder to a greater extent than occurs
in air or natural weathering. The hydration pro-
ducts fill the voids in the matrix as well as in the
glass fibre strands. Overall porosity is thus
reduced (30-0%) relatives air (38:0%) and natural
weathering (40-0%). The glass strands may, there-
fore, become less flexible.

7.3 Microstructure of the interface -~

The microstructure of the fibre-matrix interfaces
was studied for the composites stored in wet and
dry environments. Figures 8 and 9 are typical
micrographs of the samples cured in water and
natural weathering. These micrographs show that
there is an intermittent point contact between the
glass fibres and the crystallized gypsum binder
products in a haphazard manner resulting in a dis-
continuous and irregular interfacial bond.

7.4 Wetting and drying cycles

The effects of alternate wetting and drying cycles
on the flexural strength and weight loss of the
fibre reinforced gypsum binder composites kept
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”tcmperatures fromIZ’I"l to 50°C are shown in
. espectively.

gI: }s? c?lnegrlflr;mpFig. 10ythat on increasing the
mperature from 27 to 50°C th'e flexural strength
reduced. The maximum fall in strength occurs
' 50°C. However, there were no cracks in the
ymposites even after 50 cycles. It can be seen
om Fig. 11 that the weight loss increased from
7 to 50°C with the increase in wetting and drying
icles, The maximum increase in the weight loss
in be noticed at 50°C. e _

‘The fall in the strength and increase in the
eight loss of the composites can be correlated
ith the decomposition of the ettringite
>,A.3CaS0O, .32H,0) phase formed during the
ydration of the gypsum binder and with an

g. 8. Bonding in glass fibre reinforced gypsum binder
red in water (Magnification x 288),

increase in the temperature beyond 27°C. This
finding is in agreement with the studies carried out
by Ghorab & Kishar'? on the stability of calcium
sulphoaluminate hydrates (ettringite) by investi-
gating the effect of increasing temperature on the
solubility of sulphoaluminate. It has been found
that when the solubility values for sulphate and
alumina and the pH are 02025 g SO3?~/litre (168
mg SO,/litre), 0:0298 g Al/litre (562 mg Al,O,/
litre) and 11-0, respectively, then the ettringite
remains stable. Normally the phenomena takes
place at 30°C. Similar results were also reported
by Lea.'* :

When the temperature is enhanced to 60°C, the
solubility of sulphate is increased to 0-45 g SO~/
litre after 14 days of stirring the ettringite in water

Fig. 9. Bonding in glass fibre reinforced gypsum binder
cured by natural weathering (Magnification X 288).
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Fig. 11. Effect of alternate wetting and drying cycles on the weight loss of the composite at different temperatures.

T~

ile the aluminium concentration does not differ (4) When subjected to alternate wetting and

rkedly from that at 30°C. X-ray diffraction
lysis of the ettringite at 60°C showed broaden-
of lines and formation of a few lines belonging
monosulphate. The similar behaviour was
ierved in the case of gypsum binder composites
) after 50 wetting and drying cycles at 60°C.

drying cycles, the strength is reduced and
the weight loss is increased with an increase
in temperature. The maximum fall in
strength occurs at 50°C.
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JONCLUSIONS

m the study reported above, the following
clus10n§ can be drawn about the properties
 durability of these water-resistant gypsum
der composites.
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