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ABSTRACT 

Cement based cast materials, in addition to their low energy content relative 

to plastics, ceramics and metals have drawn considerable attention as inorganic 

polymers because of their potential incombustibility and inertness. 	Inspite of 

substantial plasticity of hydraulic cement paste needed for moulding and fabrication, 

poor mechanical performance of hardened material limits its applications presently 

dominated by synthetic polymers and metals. However recent studies hace shown 

that there is a vast scope of improving the performance in cement based products 

through technological manipulations. 

A curious feature of hydraulic cements, such as those based on calcium-

silicate, calcium aluminate and calcium sulphate is that it exhibits similarly low 

flexural strengths, typically between 3 and 10 Mpa, despite their differing chemical 

composition, varying degrees of hydration and contrasting setting mechanism. 

Because of these low strength values, unreinforced cements are never used in 

flexure or tension, and studies of cement strength are usually confined to 

compression. As was done in concrete to obtain polymer concretes, the same is 

extended to improve cement also with polymer addition. After considerable work at 

present, polymer concretes have found various potential areas of applications. The 

engineering of the new class of high strength material was pursued originally by 

Birchall and co-workers. Birchall et al have demonstrated that the commonly 

observed flexural weakness of cement is due to presence of large voids which are 

largely undetected by conventional methods of pore analysis such as gas absorption 



and mercury porosimetry. They envisaged that the removal of such macro defects 

result in flexural strength up to 70 M pa, despite large volume of gel pores remaining 

in the material. These strength figures, comparable with those of sintered ceramics 

have been achieved without the use of elevated pressures of temperatures, and 

fibrous reinforcement. Macro Defect Free (MDF) refers to the absence of relatively 

large voids or defects which are normally present in conventionally mixed cement 

pastes because of entrapped air and inadequate dispersion. Such voids and defects 

limit the strength values that can be achieved by acting as stress concentrators. The 

term MDF should not be interpreted as implying pore-free systems. 

The studies were conducted on both Ordinary portland cement (OPC) and 

High Alumina cement (HAC) based Macro Defect Free cement (MDF) systems. 

Apart from cement, the materials required and used were poly vinyl alcohol and 

superplasticizer, sulphonated napthalene formaldehyde condensate. Silica powder 

was also used to replace cement in the system. The process for making for MDF 

cement is adopted from plastic processing technology. The PVA solution is mixed 

with cement in planetary mixer and then it is further processed in a two roll mill. In 

determining the properties of the end product, mixing at two roll mill is a crucial step. 

One has to have a control on shear rate to manipulate microstructure of the product 

and thus the structural properties. 

From the studies carried out, it appears that the compressive strength and 

flexural strength of the material are dependent on the total porosity and particularly 
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the pore size distribution. The porosity and pore size distribution are mainly 

dependent on water/cement (W/C) ratio. The optimum W/C ratio at which the 

maximum compressive and flexural strength were obtained were different for 

different polymer percentage. It is also observed that the optimum W/C ratio is lower 

for HAC based MDF compared to OPC based MDF cement systems. For example 

in OPC based MDF cement system, at 3% polymer content, the maximum strength 

is obtained at 0.14 W/C ratio, whereas at 5% polymer content, it is at 0.15. However 

in HAC based MDF cement systems, the optimum strength were obtained for 3% 

and 5% polymer at 0.12 and 0.13 W/C ratio respectively. For both the systems the 

optimum W/C ratio increases with increase in polymer content. 

The compressive strength and flexural strength decreases non-linearly with 

increase in total porosity. Apart from this, the maximum pore size plays a significant 

role in controlling the strength. For the same total porosity, the larger the pore, the 

lower the strength. The increase in water/cement ratio increases total porosity in a 

systematic pattern. At higher W/C ratio, a larger pore volume is predominant in 

comparison with smaller pores. As the W/C ratio increases, both the volume fraction 

of pores greater than 10 tam and maximum pore diameter increases. As an 

example, the OPC based MDF cement system (22% W/C ratio and 6% polymer) 

contains only 20% more pores greater than 10 ,am. Whereas 12% W/C ratio and 

6% polymer contains only 8% of the pore volume occupied by pores greater than 

10 ,um. At higher W/C ratio, an increase in polymer content did not reduce porosity 

significantly. Whereas at lower W/C ratio, an increase in polymer content reduces 
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porosity and thus increases strength and improves mechanical properties, except 

water resistance which is highly sensitive to polymer increase. The increase in 

polymer content requires additional water for good mixing and thus the best 

improvement in strength. Beyond a certain limit of polymer content in the system , 

no further improvement in strength was observed. 

An increase of polymer content and reduction of W/C ratio have considerable 

effect on the microstructure of OPC-PVA composite. The microstructure of the 

composite becomes more uniform with a reduction of W/C. A compacted structure 

is noticeable at low W/C ratio where there is a large quantity of unhydrated cement 

grains. This is deleterious to long term properties. The microstructure of the 

samples exposed to atmosphere for more than five years have shown some 

irregularity attributed to slow hydration of the initial unhydrated cement particles. 

The extent of irregularity is considerably reduced in the sample with silica powder. 

Microstructural studies of the fracture surfaces of MDF cement suggested the 

existence of a continuous matrix of polymer with cement grains firmly embedded in 

it. XRD analysis indicated the formation of a calcium acetate compound. 

The DTA curves for hydrated OPC-PVA composites showed significant 

differences from the DTA curves of hydrated OPC especially in the temperature 

range of 250-500°C. The new exothermic peaks were observed in the 250-500°C 

region, i.e. at 290°C, 365°C. The intensity of the Ca(OH)2 peak was also reduced. 

The curve of PVA showed these peaks were not attributed to PVA. Further it was 
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seen that none of the peaks observed in the DTA curve of PVA appear in the DTA 

curve of the OPC-PVA composite. The DTA curves for the HAC-PVA systems 

showed some significant differences from the DTA curve for hydrated HAC. The 

most important differences were observed in the 230°C-450°C region : (a) the C3AH6 

peak, observed at 310°C in the case of hydrated HAC, was either absent or greatly 

diminished in the intensity; (b) the relatively narrow peak corresponding to AH6 at 

280°C was replaced by a much broader peak. Instead of single broad peak, a 

broad doublet was observed with individual peaks of the doublet centered at 250°C 

and 270°C; (c) The 300°-450°C region of the DTA curves for HAC-PVA systems 

showed the presence of exothermic peaks. 

The IR spectra of hydrated HAC-PVA systems showed that the band at 

1720 cm-1, corresponding to the acetate group of partially hydrolysed polyvinyl 

alcohol was not observed. Further as compared to HAC only, the spectra of HAC-

PVA systems showed a new band at 1560-1470 cm-1, which was one of the bands 

attributed to a metal carboxylate. It was also seen that the bandnot only 1720 cm-1, 

but other bands of PVA as well, such as at 1096 cm-1  (C-0 str., OH bend), at 1245 

cm-1  (C-0 str.), and at 3360 cm-1  (OH str.) did not appear in the HAC-PVA spectra. 

The samples which were immersed in water absorbed a higher percentage of 

water compared to the samples exposed to even 100% Relative Humidity (RH). 

These experiments revealed that there was a sharp increase of water absorption at 

the initial period and later on the percentage increase in absorption reduced. As 



water was absorbed, the driving power for further water absorption reduced. When 

cement was replaced by silica filler the compressive strength and flexural strength 

were reduced. The rate of strength reduction was low up to 20 percent of filler and 

then the rate was found to be high. It was found that 10% of filler reduced water 

absorption by 5%. It was found that two percentage decrease in polymer causes 

between 3 to 5 percentage reduction in water absorption. The strength was reduced 

with increase in percentage of weight change. The rate of strength reduction was 

sharp up to 7 percentage weight change and then the rate in reduction of strength 

was slow. Even at low percentage of weight change, the reduction in strength was 

quite high. 
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