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A ,,-;,’i stigation was made to formulate a durable gypsum binder based on calcined phosphogypsum,

tion of a durable gypsum binder for

plast-furnace-slag and Portland cement. In this binder, phosphogypsum acts as the basic
g of sulphate.in the mixture of calcium, alumina and silica derived from the fly-ash/granulated-
rength development in the binder at an early age is due to the setting and hardening of calcined
3oriland cement, and at a later age is due to the formation of ettiingite and tobermorite. The formation
cls was confirmed by differential thermal analysis, X-ray diffraction and scanning electron
he gypsum binder based on fly ash exhibited lower compressive strength (22.0 N mm=?) than

"";,{;m" sed on granulated slag (350 Nmm~-2). The effect of temperature (27-60°C) on strength
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'gypsum binder in high humidity was studied. Data show that with increasing temperature, the
-ash-based gypsum binder is increased, whereas the strength of the slag-based gypsum binder
he enhancement in strength with increasing temperature is ascribed to the pozzolanic action
ith the calcined gypsum. The fall in strength of slag-based gypsum binder can be altributed
on of ettringite with increasing temperature. The gypsum binder was found suitable for use
, bricks and glass-reinforced composites.

Table 1 Chemical composition of phosphogypsum granulated slag,
fly ash and Poriland cement clinker

Unprocessed  Processed  Fercentage by welght
Constiluenls - phosphogypsum phosphogypsum Granulated Fly Portland
slag ash cement
clinker
PO, 0.55 0.16 - - -
F 1.89 0.72 - - -
Organic matter 0.11 0.02 - - -
Sio, 0.92 - 33.83 7060 24.17
Al,0, +Fe,0, 0.48 - 2293 2440 6.77
Ca0 32.40 - 3493 260 6242
MgO 0.07 - 746 073 3.21
SO, 43.00 45.00 0.84 - 0.41
Mn,0, - - 0099 - -
Loss on
Ignition 19.80 - - 020 0.46
pH 5.00 610 i e

Portland cement clinker having the chemical composition
shown in Table 1 were used. A small quantity of organic
retarder was used to control the setting time of the gypsum
binder.

Testing and evaluation of gypsum binder

. Gypsum binder prepared by blending the calcined gypsum

(8- CaS0,.2 H,0), specific surface 3200 cm?g-' (Blaine's),
with the ground granulated slag, 4200 cm? g-' (Blaine's), or
fly ash, 4000 cm? g-' (Blaine's), and a retarder was tested
for different properties as per 1S:4031-1968, methods of
physical testing for hydraulic cements, and 1S:6909-1973,
specification for supersulphated cement.

The formation of hydraulic products in gypsum binder was
monitored by DTA (Stanton Red Croft, UK), X-ray diffraction
(Philips diffractometer, Holland) and microscopy (Philips
Model 501, Holland).

Durability of binder

Performance of gypsum binder was studied by immersion of
2.5 cm cubes of gypsum binder (28 days cured) in water. The
effect of increasing temperature (27 — 60°C) on the hardening
of gypsum binder in 90% relative humidity was studied. The
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Table 2 Physical properties of gypsum binder

Properties
~ Fineness Setling lime Bulk density  Compressive strength Soundness
{cm*g™) (min) (g ecm™) (MPa) cold expansion (mm)
(Blaine’s) Inial  Final 1d 3d 7d 26d 1d 3d 7d 28d

3160 10
5

3100 70

3200 45

3180 95

3050 65

3000 25

40 1.52 1.67 1.83 1.91 35 11.0 16.2 220 3.50
145 1.54 1.68 1.85 1.95 10.1 23.1 28.6 35.0 1.60
90 153 166 1.64 1.65 8.0 13.7 19.0 196 1.10
150 1.55 1.68 1.69 1.69 13.7 19.0 209 213 0.88
126 157 157 1.60 1.70 9.8 21.0 32.3 34.2 1.20
20 {abt e USRS -
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cement has been designated ‘B'. Their physical properties
are reported in Table 2. The binder based on unprocessed
phosphogypsum shows less retardation of the setting time
and low strength development, whereas binder based on
processed phosphogypsum plaster shows prolongation of the
selting time and considerable improvement in the strength.
The improvement in the quality of the binder is attributed to
the removal of impurities from the gypsum. The soundness
of the binder determined as cold expansion according to
1S:6909-1973 is within the maximum specified value of 5 mm.

DTA and XRD of the gypsum binder confirmed formation
of ettringite (C,A.3CaS0,.32H,0) and calcium silicate
hydrate (CSH).” The clusters of euhedral needles were
enhanced with the formation of lath and prismatic crystals
with increasing curing period. The formation of
C,A.3CaS0,.32H,0 and CSH are primarily responsible for
the increase in the strength of binders A and B. The
attainment of higher strength in binder A over the binder B
may be ascribed to the formation of a greater amount of CSH
gel in the former than in the latter.

15 - 118
% = 117
13 -116
L o -1
n -1
10 //’n dn

1
POROSITY

WATER ABSORPTION (%)
-3
T

WA. OF BINDER A"
&——a POROSITY OF BINDER ‘A
o——a WA. OF BINDER ‘W' s
#——x POROSITY OF BINDER "B’

1 1 1 1 1
[} 24 72 168 u6 504 672
IMMERSION PERIOD {Hrs)

Fig1 Relationship between water absorption and porosity with
immersion period
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Compressive strength (MPa)

40°C 50°C 60°C

0.4 (103.00)° 9.6 (95.00) 84.0 ( 83.40)
9.0 ( 82.48) 18.8(81.30) 18.5 ( 80.40)
(78.70) 20.4 (71.30) 19.8 ( 69.30)
(75.00) 21.6(61.71) 22.6( 64.70)

137 84(61.700 85(6204) 8.8 ( 64.67)
(50.20) 11.6(61.31) 11.7 ( 61.57)
(47.80) 159 (76.34) 16.7 ( 77.51)

4 (95.70) 21.0(98.68) 21.41 (100.46)
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Fig 3 Differential thermogram of gypsum binder B h ydrated at
different temperatures for 28 days

strength of binder A and B are demonstrated by DTA and
microscopic studies. Figures 2 and 3 show DTA of binder A
and B, respectively, cured at 40, 50 and 60°C for a perlod
of 28 days. For binder A it can be seen that as the temperature
is increased (40 — 60°C), the intensity of double dehydration
endotherms at 150 — 160°C and 190 — 200°C for the gypsum
decreased, while the enotherm at 760 — 770°C due to CSH
remained constant. The endotherm at 140°C Is due to
C,;A.3CaS0,.32H,0, which decomposes with increasing
temperature into monosulphoaluminate (C;A.3CaS0,.12H,0)
as shown by a small endotherm at 220-230°C. The
shortening of gypsum endotherms and decomposition of
C;A.3CaS0,.32H,0 are responsible for the fall in the
strength of binder A, whereas the progressive increase in the
strength of binder B may be attributed to the increase in
intensity of endotherms for gypsum ettringite (135 - 140°C)
and CSH (790 - 800°C). The increase in the intensity of CSH
is due to a pozzolanic reaction occurring between SIO, and
Al,O; of the fly ash and Ca(OH), contributed by hydration of

Portland cement, which is enhanced by the increase in

temperature.

CaO + excess of fly ash + H,0
—CaAl,c.H,0 + Ca, Si,z.H,0 + fly ash (1)

where a, b, ¢, x, y and z are variables that are dependent on
temperalture, pressure and the molar ratio of reactants. In the
presence of gypsum and moisture, ettringite is produced.

Ca,Al,C.H,0 + CaSO,.2H,0 — 3Ca0A},0,3CaS0,.32H,0
(2

This hypothesis conforms to the findings of Scholorholtz and
Demirel.®

SEM corroborates the data abtained by DTA. For binder A
the crystals of ettringite needles are reduced with increasing
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§ : L % h h 2 e .
psum binder B hydrated at 60°C for (a) seven days and (b) 28 days (both x 1250)

- Table 4 Table 5
ed by using gypsum binder and sand Properlies of glass-fibre-reinforced gypsum-binder composites

Water Bond Gypsum-binder  Plain gypsum
Reten-  strength Property composites  plaster composites
tivity {MPa)
(%) —— —  Bulk density (g cm™?) 1.62 1.20
7d 28d Consistency (%) 65.00 81.00
Flexural strength (MPa):
1173 11.81 13.31  66.80 0.128 0.186 1day 1070 486
40 6.72 7.09 6563 0.120 0.174 3 days 1217 497

404 460 60.08 0.116 0.160

4
248 290 58.44 0110 0.140 g Tel %
. 28 days 2200 496
418 756 3040 0 Tensile strength (MPa) 1800 275
. ] ; .106 0.134 g
265 420 2020 0096 0.126 '™Mpact strength (N mm mm %) 1860 10.20
248 382 16.40 0.081 0.128 Themnal conductivity (kcal m~h™'°C™) 009 012

erature. Few needles and plates of hydrated in 28 day-old specimens.
Ig 4a) and hydrated plates of CSH
9 9rains (Fig 4b) are formed at 7 and  Utilization of gypsum binder
Or A, resulting in the densification of Masonry mortars
e 8 in agreement with the observation  The data on compressive strength, water retentivity and bond
: % Roy." On the other hand, binder B  strength of the mortars prepared with gypsum binder and sand
: *edles and interstitial hydrated plates are reported in Table 4. The resuits indicate that on increasing
;g)at the unhydrated fly-ash particles sand content, compressive strength, water retentivity and
g h ays of hydration of the binder. Fig bond strength are reduced. A mix proportion of 1:4
1 Spheres that have been completely binder:sand shows higher values of compressive strength,
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.~ Table 6 .
gypsum-binder bricks

Table 7
Water absorplion of binder — sand bricks

7d 28d 1d 3d 7d 28d

203 206 1046 11.20 16.06 20.80
907 208 960 1040 13.33 18.26
214 215 1020 10.90 11.26 17.38
210 211 326 6593 65 11.25

205 206 680 13.00 1880 23.20
206 208 6.00 1210 16.20 20.40
- 207 209 586 893 1200 1520

Curing Immersion Water absorption (%)

period period
(d) h Mix binder-sand Mix binder-sand
(Fineness modulus 2.0) (Fineness modulus 1.25)

(1:2) (1:1.5)

1 2.0 9.89 13.93

8.0 10.07 13.93

24.0 10.25 13.93

3 2.0 9.27 12.27

8.0 9.46 12.37

24.0 9.65 12.45

7 20 9.04 11.48

8.0 9.20 12.31

24.0 9.30 12.45

28 20 7.10 11.59

8.0 7.28 11.60

24.0 7.40 11.65

d bond strength than the mix 1:6,
rar, Higher water retentivity implies better
I mortar (1:4) can, therefore, be used
sand mortar for the construction of

glass-fibre-reinforced gypsum-binder com-
in to plain-plaster composites are reported

s (CSH and C,A.3CaS0,.32H,0)
consistency of the binder. The
inder composites suggest their use
rin door panels, structural partitions,
ble tops, etc.

mpressive strength of briquettes (7.5
/5 cm) produced by hand-moulding of
d are reported in Table 6. It can be
in sand content, the bulk density
the compressive strength decreased.

e results show that with increasing
ays), the water absorption decreases.
orption increased with the length of
= 24 h) for all the hardened mortar

dlngs clearly indicate that there is no

um binder increases with increasing
, the strength development at 27°C
N the binder based on granulated slag
d on fly ash.

in curing temperature from 27°C to
Ve strength of the gypsum binder is

"‘i_l= ffect of immersion of hardened binder- -

reduced. The level of fall in strength was lower for binder
based on fly ash than for binder based on.granulated slag.
Gypsum-binder composites show higher strength
development than plain-plaster composites. ‘
Masonry mortar of high strength and high water-retentivity,
and durable bricks can be produced from the gypsum binder.
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