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ABSTRACT 
The paper describes an experimental investigation involving pore structure of 
blended gypsum binder. The pore structure was investigated by using mercury 
porosimeter. A relationship between structure and mechanical properties has 
been established. It has been found that the principal factor of porosity governs 
the development of structure and strength of the blended gypsum binder. The 
pore size distribution was characterised by a reduction in the volume of the 
pores whose diameters are larger than 500 A“ and an increase in the volume of 
those smaller diameters. An interpretation of the development in strength 
vis-a-vis porosity of the blended gypsum binder is presented. 

Introduction 

The use of portland cement must be restricted in developing countries due to the high cost of 
energy associated with industrial manufacture and transport of the material. Low cost housing 
requires consumption of cheap and low energy industrial by-products such as granulated blast 
furnace slag, flyash, red mud and phosphogypsum to get hardened binders with sufficient 
strength. 

The gypsum plaster (&CaSO,. 1/2H,O) does not show any significant performance 
concerning resistance to water because its solubility (2g/litre) and porosity are high. Attempts 
have been made to make gypsum water repellent (l-2). The processes developed so far could 
not be adopted due to the high expense of these treatments. Therefore, a water-resistant 
gypsumbinder suitable for plaster, masonry work and tibre reinforced gypsum composites has 
been developed by blend&g the phosphogypsum plaster (70-80%) with granulated blast furnace 
slag/flyash, cement and a small quantity of organic retarder (3). 

In India about 5.0 million tonnes of phosphogypsum is being produced annually from over 
a dozen phosphoric acid fertilizer plants. It contains impurities such as phosphate, fluoride, 
organic matter and alkalies which adversely affect the setting and hardening of plaster products. 
Several processing techniques and uses of phosphogypsum have been suggested by various 
workers (4,5). The hydraulic properties responsiblefor the water-resistance of gypsum plaster 
and durability have been reported elsewhere (3,6). The strength and durability properties of 
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blended gypsum binder showed that it has much higher strength aud better water resistance than 
the plain plaster. These properties can be correlated with the reduction in porosity of the matrix. 

This paper presents an experimental investigation into the changes in the pore structure of 
water resistant blended gypsum binder and plain plaster with curing period. The changes inthe 
pore structure were determined by measuring the porosity and pore size distribution with 
mercury intrusion porosimetry technique. A comparison between the strength and the porosity 
and the pore structure of blended gypsum binder vis-a-vis plain plaster has been discussed. 

Experimental 

of Water _ m. Water resistant gypsum binder was produced 
by blending the ground granulated slag, Portland cement and an organic retarder with clacined 
phosphogypsum (l3-hemihydrate) followed by grinding together in a ball mill to obtain a 
uniform product. The chemical composition of blended gypsum binder analysed as per IS: 
1288-1983, Methods of testing of mineral gypsum is depictedin Table 1. 

The physical properties of the binder testedaccording to IS: 403 1 - 1968, Methods of physical 
testing for hydraulic cements and IS: 6909-1973, specification for supersulphated cement are 
reported in Table 2. The formation of hydraulic products in the blended gypsum binder 
responsible for the progressive enhancement in the strength was mointored by differential 
thermal analysis (Stantan Red Croft, U.K.), X-ray difI&tion (Philips DifTractometer, Holland) 
aud microscopic examination (Zeiss Petrograpic Microscope, Germany) at different periods of 
its hardening. 

Differential thermal analysis (DTA) of the blended gypsum binder showed formation of 
endotherms at 145” and 790°C due to ettringite (w3CaS0,. 32H,O) and CSH besides double 
dehydration endotherms at 197” and 235°C due to gypsum respectively which increased on 
hydration. 

X-ray dif%ztion of blended gypsum binder gave reflections at 7.6880”, 4.2872O, 3.0455” and 
1.4336” A due to CSH and at 5.6775O, 3.8635”, 3.3540”, 2.7857”, 2.2046”, 2.1204”, 2.0786 and 
1.8937” A due to ettringite intermingled with gypsumas the predominant phase. 

The microscopic studies of the blended gypsum binder revealed the formation of radiating 
needles, ettringite and hydrated plates of CSH interspersed with lath and prismatic crystals of 

TABLE 1 

Chemical Composition of Blended Gypsum Binder 

Constituents Per cent 

Si02 + insoluble in HCL 8.20 

I%03 (AhO, + FezO3) 9.00 

CaO 37.30 

MgO 1.80 

so3 39.65 

Loss on knition 4.10 



Vol. 26, No. 3 MECHANICAL PROPERTIES, POROSITY, GYPSUM BINDERS 451 

TABLE 2 

d (1) 
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TABLE 3 

Performance of Blended Gypsum Binder in Water 

Vol. 26. No. 3 

Immersion Period 

(hr) 

Water Absorption (%) 

Blended Gypsum Binder Phospho Plaster 

2.0 1.86 27.94 

8.0 2.09 30.73 

24.0 2.89 32.09 

72.0 3.77 34.3 1 

168.0 3.91 Leaching 

672.0 5.53 Leaching 

Where is the surface tension of mercury, 9 is the contact angle and d is the diameter of the 
intruded pore. The value of was taken as 484 MN/m and 8 was 117”. 

The total porosity (B) of the blended gypsum binder is determined by using the relation. 

Where W is the weight loss on drying at 42°C until a constant weight, d, is the dry density of 
blended gypsum binder and dJs the density of water. 

Results and Discussion 

we w . The mechanical properties of 
blended gypsum binder depend upon pore structure especially porosity. The development of 
compressive strength of blended gypsum binder with hydration periods is shown in Table 2. It 
can be seen that the strength at l-day, 3 day and 7&y is 29% 66% and 82% of that of 28&y, 
respectively. These results clearly manifest that a porous structure is formed in the early period 
and after three days the matrix of the blended gypsum binder is being filled by hydration 
products (etlringite and tobermorite) and the structure becomes more dense attributing high 
streqth. The attainment of high strength with hydration period may be correlated with porosity 
using the following relationship (8). 

R = R,exp (-BP) (3) 

Where % is the strength at zero porosity called intrinsic strength, P is the porosity and R is the 
strength at porosity P and B is an empirical constant. The R value obtained by extrapolation 
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TABLE 4 

R,,and B Values for Blended Gypsum Binder 

Hydration Period 

Blended Gypsum Binder 

%, MPa B 

Plain Plaster 

%, h@a B 

l-day 67 0.08 32 0.025 

3-day 72 0.63 32.05 0.025 

7-day 80 0.06 32.50 0.025 

28-day 83.01 0.056 32.50 0.02 

from different porosity measurements and the B value by calculation using equation 3 for 
blended gypsum binder and l3- hemihydrate plaster respectively are given in Table 4. 

It can be seen Fig. 1 that the total porosity determined by using equation 2 decreased with 
increase in the hydration period of blended gypsum binder. The rate of decrease of porosity was 
greater at early stages of hydration but became approximately linear after 7-days of hydration. 
These data clearly exhibited thatreduction in porosity with curing period may be the reason 
behind the strength characteristics and durability performance of blended gypsum binder. 

LO - 
PLASTER 

30 - 

BLENDED GYPSUM BINDER 

10 1 I I I 

1 3 7 28 

HYDRATION PERIOD, DAY 

FIG. 1. 
Change in porosity with hydration period of Blended gypsum binder and plain plaster. 
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FIG. 2. 
Relationship between compressive strength and porosity of Blended gypsum binder and 
plain plaster. 

Figure 2 shows the relationship, between compressive strength (calculated from equation 3) 
and porosity of blended gypsum binder with different hydrationperiods and of plain plaster. It 
can be seen that this relationship is different from each other and follow different lines with 
hydration periods. It amply demonstrated the intrinsic strength values of blended gypsum binder 
increased with the increase in curing period. 

0.3b I I I 

1 3 7 20 
HYDRATION PERIOD, DAY 

FIG. 3. 
Effect of hydration peroid on the total pore volume intruded of Blended gypsum binder. 
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FIG. 4. 
Effect of hydration period on comparative pore size distribution of blended gypsum binder. 

Pore Structure of Blended Gvosum Binder. The total pore volume intruded by mercury also 
decreased with hydration period of blended gypsum binder (Fig. 3), whereas the porosity 
(Fig. 1) and total pore volume of &hemihydrate plaster (0.50 ml/g) is much higher than blended 
gypsum binder. The higher porosity and pore volume of gypsum plaster implies that it possess 
higher quantity of pore spaces and coarser pores. 

The pore size distribution results (Fig. 4) show that with the increase of hydration period, the 
pores of blended gypsum binder became finer. This may be ascribed to the filling of pores and 
voids with the hydrated products. At 28 days the pores larger that 500 A0 in the blended gypsum 
binder are much less than those in the plain gypsum plaster. 

Conclusions 

From the above study the following conclusions can be drawn: 

1. The porosity and pore volume of blended gypsum binder are lower thau those of the plain 
plaster. 

2. ‘Ihe major parameter determining the development of strength, structure and durability 
of blended gypsum binder is porosity. 

3. Enhancement in compressive strength of gypsum binder with hydration period can be 
correlated with the reduction in porosity of the blended gypsum binder matrix. 

4. The total pore volume, porosity and the total intruded pore volume decreases with 
hydration period but density increases. 
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