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PP fibre is used for fibre cement products in Brazil due to availability issues with Polyvinyl alcohol (PVA) 
fibre in the local market. Microsilica Slurry was suggested as a means to enhance the performance of a PP 
reinforced product. This is a paper describing the preliminary test to evaluate the likely effect of Microsilica 
Slurry.  
The Microsilica Slurry addition was designed to replace cement in the formulation; the replacement ratio of 
MS/cement was designed to 1:1, 1:1.5, 1:2, 1:2.5 and 1:3. The limestone in the mix design was modified 
accordingly to compensate for cement when the replacement ratio of MS/cement was not 1:1.  
PVA fibre reinforced fibre cement was also studied as reference.  
 
The following properties were measured in the test.  
 
1) Bending strength (MOR)  
 
2) Dry density  
 
3) Water absorption  
 
4) Moisture movement  
 
5) Filtration time  
 
6) Bending work  
 
Primary conclusions from the test:  
 
1. The general properties of the PP fibre reinforced fibre cement product were improved with the addition of 
Microsilica Slurry. These included higher strength and lower water absorption.  
 
2. As limestone was used to compensate for replaced cement in this test, 2.5-3 parts of cement could be 
replaced by 1 part of Microsilica Slurry, which also gave better properties compared to the reference sample 
without Microsilica Slurry.  
 
3. Sample with PP fibre had higher toughness (bending work) than the sample with PVA fibre.  
 
4. Microsilica Slurry addition improved the fibre reinforcement effect.  

 

For air-cured fibre cement products, PVA fibre is the main reinforcement fibre for asbestos replacement 
worldwide but PP fibre is used in Brazil due to poor availability and higher cost of PVA fibre. Saint-Gobain 
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Brasilit produces locally a high tenacity PP fibre for this purpose. For better understanding of the effect of 
Microsilica Slurry on this fibre cement product, a test using Brazilian cement and PP fibre was made.  
 
Microsilica Slurry was used to replace the cement in the recipe at different ratios. Replacement ratio of 
Microsilica Slurry/Cement (MS/CMT) was designed to 1:1, 1:1.5, 1:2, 1:2.5, and 1:3. Limestone was used to 
compensate for cement where the ratio MS/CMT was not 1:1. Furthermore, PVA fibre reinforced samples 
were also tested for reference in the test.  
 
EXPERIMENT 
 
Test materials:  
Cement: from Brazil  
PP fibre: from Brazil  
PVA fibre: Chinese  
Cellulose Pulp: Usutu, unbleached (Chinese FC plant)  
Limestone: Elkem FC lab (Omya A/S)  
Microsilica Slurry: Elkem FC lab  
Specification of these raw is shown in the Appendix.  
Test recipes are listed in Table1.  
 
Test procedure  
 
Sample preparation and measurement was according to Elkem Fibre cement lab standard. (Elkem FC lab 
standard, MAT-11-12-05.803; MAT-Aug-02-06.802)  NB The curing program was slightly modified to save 
time.  
 
RESULT AND DISCUSSION 
 
Bending strength  
 
Wet Bending strength was measured. The other results are also shown in table 2 and fig1 to fig12.  
For the sample group with 2% PP fibre, it is shown in fig1 that MOR was increased as Microsilica Slurry 
was added. MOR increase level was different according to the different ratio of MS/CMT.  

For the group with 3% Microsilica Slurry, replacing 7.5% cement reached a higher MOR (replacement ratio 
1:2.5), which increased to 14.8MPa from 11.3MPa, an increase of 21% over the reference sample. 

For the group with 5% Microsilica Slurry, replacing 5% cement and 15% cement reached the highest MOR 
in this test, increasing to 15.6MPa and 15.5MPa respectively, an increase of 55% over the reference sample.  
The above results indicate that MOR could be improved even more if replacement ratiosof 2.5-3 were used 
and limestone was used to compensate for the missing cement.  
 
Dry density  
 
Results for dry density correlated with the results for MOR; higher MOR correlates with higher dry density. 
(fig 2)  
Moisture movement  
Moisture movement was decreased as the replacement ratio of MS/CMT increased (fig 3), especially for the 
group using 5% Microsilica Slurry, where higher replacement ratios of MS/CMT produced lower moisture 
movement. This was influenced by the effect of the limestone. Limestone proved to be beneficial in reducing 
the moisture movement [1, 2]. For example, compared to 3% Microsilica Slurry, at the same replacement 
ratio of MS/CMT, 5% Microsilica Slurry needed more limestone in the matrix, which gave additional 
benefits in reducing the moisture movement.  
 
Water absorption  
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Water absorption was in line with the results of MOR and dry density i.e. higher dry density gave lower 
water absorption (fig 4).  
 
Filtration time  
 
Microsilica Slurry does influence the filtration process according to the lab tests and industry trials. In this 
test, it was shown that filtration time became longer as Microsilica Slurry was added (fig 5). With the 
increasing replacement ratio of MS/CMT, more limestone was added and filtration times became shorter 
compared to the pure Microsilica Slurry recipes.  
 
Bending work  
 
Bending work could be used as one indicator to evaluate the toughness of the product. Higher bending work 
means higher toughness. PVA/PP fibre will give significant improvement on the toughness of fibre cement. 
Effect of Microsilica Slurry on the toughness is controlled by the following factors:  
 
1. Microsilica Slurry will improve the bonding strength between PVA/PP fibre and the cement matrix, which 

increases the reinforcement effect of the fibres, which in turn will increase the toughness of the sheet.  
 
2. On the other hand, strength and density of the sheet would be increased as Microsilica Slurry was used, so 

it could be said that sheets would become more brittle, which means toughness could be decreased.  
 
3. If effect “1” > effect”2” as Microsilica Slurry was added, toughness would be improved; if effect “1” < 

effect”2”, the result would be opposite.  
 
As indicated in fig 6, the bending work was improved by adding Microsilica Slurry in this test, which means 
the bonding strength between PP fibre and cement matrix was improved.  
 
Comparison of PP and PVA fibre  
 
Even though PVA fibre is the industry ‘standard’ for air-cured fibre cement products, PP fibre was 
developed and is used in Brazil for the reasons previously mentioned.  
For reference, PVA fibre reinforced fibre cement was also studied in this test. Corresponding to the PVA 
fibre dosage, we have used two dosages of PP fibre in the recipes based on the weight and volume of the 
respective fractions. Results were shown in table 2 and fig 7 to fig 13. It was indicated from the result that 
both PP fibre and PVA fibre were beneficial in improving some properties, such as increase MOR and 
bending work, as well as decreasing filtration time; but it was disadvantage in some areas, such as water 
absorption and moisture movement. Furthermore, as indicated in fig 7 the MOR of the sample with 2% PP 
fibre was higher than that of the sample with 1.4% PP fibre, and close to the strength of the sample with 2% 
PVA fibre.  
For same weight dosages, PP fibre (0.9g/cm3) presents a higher number of filaments than PVA fibre 
(1.3g/cm3). Process adjustments should be necessary to avoid the tendency of PP fibre to float (lower density 
than water) and the excess of fibre that may impact the dispersion and lower the density of the final products. 
It was shown from the test that dispersion quality of 1.4% PP fibre was probably better than that of 2% PP 
fibre.  
 
However, because the elongation ratio of PP (18-22%) was higher than that of PVA fibre (6-10%), bending 
work of the sample with PP fibre has much higher value than that of the sample with PVA fibre in the test. 
(fig 13)  
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 CONCLUSION 
 
 The general properties of the PP fibre reinforced fibre cement product were improved with the addition of 
Microsilica Slurry.  
 
 As limestone was used to compensate for cement, 2.5-3 parts of cement could be replaced by 1 part 
Microsilica Slurry, which gave the PP fibre reinforced cement product better properties.  
 
 In this test, 3% Microsilica Slurry could replace 7.5% cement increasing MOR by around 21% compared to 
the reference sample. 5% Microsilica Slurry could replace 15% cement increasing MOR by around 55%.  
 
 Samples with PP fibre have higher flexural toughness (bending work) compared to the sample with PVA 
fibre in this test.  
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