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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

98



11th Int. Inorganic-Bonded ".BCC
November 5-7, 2008 Madrid - Spain Fiber Composites Conference

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 Tablel.

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 figl to figl2.
For the sample group with 2% PP fibre, it is shown in figl 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.

REFERENCES

[1] R.Kalbskopf, Durability of fibre cement roofing products, the 8th [IBCC, P.347-353

[2] Internal report, Elkem Fibre cement lab.

[3] H.Savastano, Comparisons of different synthetic fibres as the main reinforcement of air cured fibre

cement (10th IIBCC 2006) .
1l

[4] L.van der Heyden, The technical specification of matrix raw materials for Hatschek technology (10
IIBCC 2006)

th
[5] B. Friede, Microsilica — Characterisation of a unique additive (10 IIBCC 2006)
[6] Thygesen & Danielssen, Elkem Internal report 2002
[7] S.M.Molls, Elkem Internal report (1987)

th
[8] Schreiner & Holmen, The effect of microsilica dispersion in fibre cement mixes (8§ IIBCC 2002)

Table 1 test recipes

Cement Cellulose ) HM PVA Microsilica . Reol ¢
Sample 1D (Brazil) {(Usutsu,unble | PP{Brazil) (China Slurry (as | limestone |replacemen
-ached pulp) Wanwei,W2) dry) ratio
(MS/Cement)
SGB-Ref 96.5 % 3.5 % 0.0 % 0.0 % 0.0 % 0.0 % -
SGB-PVA 94 5 % 3.5 % 0.0 % 2.0 % 0.0 % 0.0 %

SGB-PP1(W) | 945 % 3.5 % 2.0% 0.0 % 0.0 % 0.0%

SGB-PP2(V) 951 % 35% 1.4 % 0.0 % 0.0 % 0.0 % -
SGBI1 895 % 35 % 20% 0.0 % 5.0 % 0.0 % 1:1
SGB2 87.0 % 35 % 2.0 % 0.0 % 50 % 25% 1:1.5
SGB3 84 .5 % 35% 20 % 0.0 % 5.0 % 50 % 1:2
SGB4 82.0 % 35 % 2.0 % 0.0 % 5.0 % 71.5% 1:2.5
SGBS 795 % 3.5 % 2.0% 0.0 % 5.0 % 10.0 % 1:3
SGB6 91.5 % 35 % 2.0 % 0.0 % 3.0 % 0.0 % 1:1
SGBY 90.0 % 39 % 20% 0.0 % 3.0 % 1.5 % 1:1.5
SGBa 88.5 % 35 % 2.0 % 0.0 % 3.0 % 3.0 % 1:2
SGBY 87.0 % 35 % 2.0 % 0.0 % 3.0 % 45 % 1:25
SGB10 855 % 39 % 20% 0.0 % 3.0 % 6.0 % 1:3
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Figure1 Bending strength

Sample ID Dry t_jenssity Moisture Water MOR MPa | Std -MOR Fm-Th Filtration
gfcm movement | absorption N.mm time(s)
SGB-Ref 1.62 0.46% 22% 7.9 04 126 85
SGB-PVA 1.37 0.55% 28% 124 11 1076 64
SGB-PP1(W) 1.19 0.50% 35% 11.3 0.9 2071 55
SGB-PP2(V) 132 0.51% 30% 127 10 2525 63
SGB1 1.35 0.49% 25% 156 1.0 3954 123
SGB2 1.38 0 46% 23% 140 04 2603 163
SGB3 1.30 0. 44% 27% 131 10 2162 120
SGB4 134 0.41% 25% 152 08 3431 150
SGBS 1.38 0.39% 24% 155 10 2667 156
SGB6 1.30 0.48% 27% 129 12 2565 143
SGB7 135 0.47% 26% 139 07 2531 106
SGBS 1.30 0.48% 27% 133 20 2666 123
SGB9 1.36 0. 44% 26% 148 02 3265 107
SGB10 133 0 46% 26% 128 02 2611 105
E%Microsilica 1 3%Mcrosilica @ MNo Microsilica
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= 130 | 1238
£ 120 + 13
g 110 +
= 100 ¢
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£ B0 +
B 70 ¢
é 60 | | | |
2%PP 1:1 115 1:2 125 13
Replacement ratio (MS/Cement)
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Figure 3 Moisture Movement
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Appendices

PP fibre specification

PRODUCT DATA SHEET

| POLYPROPYLENE CHOPPED FILAMENTS

2 Product Folypropylens chopped filaments (PF) are obtained by spinning process
description of a polypropylene resin following by a controlled drawing process to
achieve physical and mechanical properties desirables.
Polypropylens chopped filaments (PF) ave covered by a thin layer of spin
firashing which grves an adequate dispersion of filaments i water and an
| excellent adhesion to cement.
o
Specification Typical values
Length of chopped filaments available 6,8, 10, 12 and 18 mm
Loverage diareter of chopped filaments (diex) 02t0l,2 1 dtex (~12 pan)
Density (glows) ~0,905
Tenacity (chfdiex) Iin 8,5 91010
Elongation at rapture (34) Il 25 181022
Moisture (%) Ilax. 2,5 22
Packing: | 29kgbags.
Validity: - Not deterrained.
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A Omya A/S

Aalefeoandiar TR OEE-a0 YR AL 2

Grenafiller 0-100

MINERAL Kalksten, CaCOj;
Kemisk analys av ravaran
iaiciumkaroonat (Cala) 6.0 %
nMagnesiumkarbonat (MgCO3) 1.5%
Kiseidioxid (i) 1.5 %
Aluminiurmoxid [AOs) 0.3 %
Jarnoxid (Fe-0) 012 %
Fukihalt (Hz0n) =0.3 %
Siktanalys
Partikelstoriek Vikt-%, passerat

125 pm 99,8

75 pm a7

63 pm G4

45 pm a0
Tekniska data
Densitet 2,7 glom®
Skrymdensitet 1.050 kg/m®
Vithet Off-White
Qljeabsorbtion 16
Ph 8.5
Hérdhet (Mohs) 3
Leveransform; Bulk och storsdckar,
Anvidndningsomraden: Inom segment miljo

Inom segment carpet backing

Redovisade data &r medelvrden ach lEmnas ultan farbindeise

Leverantdr:
Omya AB

2001-12-08

GRENA
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Cellulose Pulp

To. TKE

AEREASE TR
B o I s | NS sA® | &8 |nRge rRas|pRIT
Brand el Solombala n;“ Usutu | Celeo | Hyogo(A) |Hyogo(B)| Samoa
5:{:: Russia Russiz Swazl Swazi Chile Japan Japan USA
gﬂf 22-38 28 25 35 38 22 39 28
3 w3 | w04 | 22 | 2e2 | ot | 2eq | 219 | 26
—L B4. 1 67.1 654 58.3 B4 62. 3 56.7 | 66.8
== 2.7 2.9 37 5.1 3.1 3.6 36 3.1
—5 15.1 52 15 15.6 | 15.2 16. 1 12.6 | 16.5
;‘:ﬁ m2/100¢] 600 | 1100 | 3s0 | 2000 | 3s0 | 000 | 100 | 350
m”?;“ 14500 | 12750 | 11500 | 12500 | 24000 | 7300 8000 | 13000
F;‘: W nl 517 498 a8 494 492 500 507 183
% | 9.81 9.65 8 7.84 | 8.38 9. 69 9.62 | 7.81
Eﬁﬂ; 7.18 7.2 | 667 | 6.5 | 649 6. 84 6.4 | 812
Tﬁ& 124 134 128 136 137 107 12 177
fo?dﬁ vimes | 1459 1339 1286 | 1029 | 1719 1040 ues | um
gy |0 [ 551 42 L7l | 4.87 | 687 5.16 | 476 | 482
Bibr LongtplmmOtin) | 0.91 0.59 108 | 0.94 | 0.54 0.67 0.73 | 0.66
3 Gt T (Ave) | 2.28 2.04 233 | 246 | 243 22 23 | 221
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Microsilica Slurry

Elkem Microsilica®
EMSAC 500 S

Fibre Cement

Y Yy e A

General Storage & Handling

EMSAC® 500 S ks an agqueous suspension of Ekem EMSAC® 500 S is a slable producl, Howaver, i the
Microsiica® product is et undisturbed for months, some

The suspension has a solids conent of 50 % by sagragalion may oceur. In such case the product
weaighl, I is sasy o hande and pump, should ba re-aglaked belore use.

Average bulk density is approximately 1,4 MT/m"

Packaging Quality Control

Blkem Materials is cadified according to 1ISO 9001.
The chemical composition and physical propertias
are regulary tested, and EMSAC® 500 5 axcaeds
the requirements of the prEN 13263 from the
European Committes for Standardization, as shown

EMSAC* 500 S is supplied in a range of packaging:
= Bulk in road lanker
* 1 m’ containars
* 200 itra drums

Special packaging can be suppBad on request, i (1 tahie Belaw.
EMSAC"® 500 S
prEN 13263 Elkem
Chemical and physical require ments Spec. Fraquency |  Gpec. | Frequency |
10y (% by weigh of cry mass) 288 oy | > [ weeny
SOy (% by wesight of dry mass) <20 weekly <30 waekly
[ELE% by weight of dry masa) <03 | weskly <03 weekly
Free Ca0 {% by weight of dry mass) <10 wasly <10 weekly |
Fres 8 of dry mass) =04 iy <04 monthly
| Analistie alialis (Na,O-squivalant. % by weighl of dry mass) <15 wien kly
C (% by walght of ary mass) <20 w o kly
Loss on bnion, LOLE: <40 weskly <25 woeekly
1535 | monw | 15-3 | monthiy |
> 100 monly > W05 monthly |
<1.0 e kily
Bk denail Reponrt weekly
Em 4-7 winkly |
Py MESS vaRalon [+~ % fom oeclansd) <32 Wkl <2 w e kly

The above Elkem specification refers to analysis peformed using the Ekemn Standard Test Methods for
MicrosSica, calibrated agains! fhe methods given in prEN 13283, Ekem Standard Test Methods for Microsiica
ara available upon request,

DISCLAIMER:

Tiw infovmadhe givenn an i calashedd B Daaed on TRy T ofreneavmh and Salf ssparibece a0 i socavele foihe baa knowindge of Bk Malbvials
However, due 1o thenumamus fociom hal can afectibe padbrmance of a e cement wilh orwihou! mibmelics, Ehem Maledals offers his hamation
wilaoud sl ond sccopds oo Nebilly G sy e o bdid damagos o e e,

Elern Micmaiica®™ and EMSAC® 500 Sis & mgetemd sademark and befongs %o Elleen Matedak

Ekerr ASA . Maternle Teghone: 47 3 M 7500

PO Box 3128, Vasgehygel Tekdix =~ %7380187 ‘EI l Elkem

NAET S Kdstansand - Nomsy  Infemiet waw Sbrecement slke m oom
E-mal fbmosmen: muterids@ekamna
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