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Abstract

Wood fiber is used to replace asbestos in the manufacture of fiber cement due to its high availability, low cost and good reinforcement
properties. The different chemical composition of the cellulose fibers makes its compatibility with the cement much more complex than that
of asbestos fibers. In the Hatschek process a suitable flocculant is needed when using cellulose fibers. The right selection of the flocculant is
crucial due to its effect on mineral fines retention, dewatering and formation and, as a consequence, on the overall efficiency of the machine.
This paper shows how anionic poly-acryl-amides (A-PAM), the most common flocculants used in Hatschek machines, have a negative effect
on the bending strength properties of fiber cement sheets. In order to overcome this problem fiber surface treatment, with sizing agents, is
proposed in this paper. Sizing with styrene-acrylate copolymers and alkyl ketene dimer produces an increase in bending strength properties.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Over the last decades many research studies related to the
substitution of asbestos by other raw materials have been
published. These works are mainly focused on natural
cellulose fibers and synthetic fibers, alone or as a mixture
[1,2]. The group of studies related to natural cellulose fibers
includes all types of wood pulps: mechanical, thermo-
mechanical, chemical and semi-chemical from different
softwood and hardwood species [3—5]. Also the utilization
of recovered paper from different sources e.g. magazines,
newsprint, office mix etc., has been studied [6—8].

Furthermore, fibers from non-wood raw materials have
been proposed as substitutes in the literature. For example,
suggested sources include sisal, banana, straw, bagasse,
bamboo, jute, flax etc. [9—12]. Finally, steel, glass or
polymeric synthetic fibers constitute another important group
of studied fibers. The synthetic fibers include nylon, polyester,
aramid, acrylic, polyethylene, polypropylene, etc. [1,2,13,14].

* Corresponding author. Tel.: +34 91 394 42 42; fax: +34 91 394 42 43.
E-mail address: cnegro@quim.ucm.es (C. Negro).

0008-8846/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.cemconres.2005.06.009

Out of all the sources considered softwood unbleached
Kraft fibers are one of the fibers most widely used on an
industrial scale because of their strength characteristics, their
high availability and the relatively low price.

However, the main disadvantage of using this type of
fibers is its vulnerability to chemical decomposition, of
certain of the wood chemical constituents, in the alkaline
environment of cement. There are many chemical constitu-
ents in wood fibers that inhibit cement setting during curing
and this topic has been widely studied in the Refs. [15—18].

Another important aspect is that asbestos is a natural
occurring fibrous silicate and the fiber’s size, together with
its chemical structure, makes asbestos very compatible with
cement. However, the different chemical composition and
the hygroscopic character of the cellulose fibers make the
compatibility of the cellulose fibers with the cement much
more complex and, therefore, new aspects have to be
considered during the manufacturing process. For example,
in the Hatschek process, because of the differences between
these two fibers it is necessary to use a suitable flocculant.

The right selection of flocculant is crucial in the
industrial process because of its effect on mineral fines
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retention, dewatering and formation and, as a consequence,
on the overall efficiency of the machine. There are two
important problems for the operator known informally as
elephant skin appearance and delamination. These two
problems can be controlled through proper flocculant
selection. Most work in this field has been carried out at
mill sites and no public information is available in the
references since flocculant optimization is considered, at
this moment, as a competitive key issue for this industry.

The most common flocculants used in the Hatschek
machines is the group of A-PAMs. They are suitable for
improving the productivity due to retention, dewatering and
formation improvements. However, mill experiences show
that problems in flocculant dosage could lead to a reduction
in bending strength properties. The loss in bending strength
was first attributed to variability of fiber supply and the
inhibiting characteristic of the mentioned compounds e.g.
extractives content and composition. However, a more
detailed study has shown that the flocculant also affects
bending strength properties, as will be explained in the
experimental part of this paper.

Different alternatives to improve the mechanical properties
of fiber cement composites are described in the references.
The influence on mechanical properties of refining degree,
fiber distribution in the sheet, presence of inhibitors, fiber
length, fiber flexibility, etc. are well known [19-22].

Another approach proposed in the literature to improve
mechanical properties of fiber cement composites is the
surface chemical treatment of the fibers, with the aim of
improving bonding between the fibers and the cement matrix.
The first trial involved the use of inorganic compounds,
mainly derivatives of titanium. Later, the use of many
different inorganic compounds e.g. sodium silicate, potassium
silicate, sodium water glass, silica sol, etc. was also proposed.
Organic compounds such as acrylic emulsions, alkyl-silanes,
etc. have also been reported in the Refs. [23—-28].

A patent describing the improvement of fiber cement
composites using sizing agents has been recently published.
It focuses on the improvement of the fiber cement materials
performance against humidity. However, there are no
technical or scientific papers in the literature confirming
this improvement [29].

Sizing is a common treatment in the papermaking
industry used for different paper grades in which liquid
penetration resistance is needed. The addition of hydro-
phobic chemicals to the papermaking furnish in order to
reduce the rate of penetration of a liquid, usually water, into
the paper structure is known as internal sizing. Surface
treatments are also considered in papermaking.

The main sizing agents used on an industrial scale are
alkenyl succinic anhydrides derivates (ASA), alkyl ketene
dimer (AKD) and rosin. The choice between them is normally
based on the limitations related to make-down equipment,
retention, hydrolysis, deposition and curing requirements. In
recent years polymeric sizing agents have been introduced to
the market. They are made combining a latex based polymeric

material, for example a styrene-acrylate (SAC) or styrene
maleic anhydride (SMA) copolymer with a carrier to produce
a product with a hydrophobic component [30—32].

The research described in this paper shows the suitability
of using a sizing treatment to improve bending strength
properties of fiber cement composites.

2. Experimental
2.1. Materials

Experiments were performed with two different fiber
cement suspensions representing the two main process
technologies for the production of fiber cement sheets:

* Air cured process: a mixture of highly refined Pinus
radiata unbleached Kraft pulp, poly-vinyl-alcohol (PVA)
fibers and silica fume on a matrix of ASTM Type II
cement.

 Autoclave process: refined Pinus radiata unbleached
Kraft pulp and standard ground silica on a matrix of
ASTM Type II cement.

The flocculants selected for this research were three
commercial anionic poly-acryl-amides (A-PAM) commonly
used in the manufacture of fiber cement products. Table 1
shows their molecular weights and anionic charges.

Finally, the sizing agents were chosen from the most
common chemicals used in the paper industry: 1 rosin, 5
styrene-acrylate copolymers (SAC) with different charges
and viscosity and 2 alkyl ketene dimers (AKD). Table 2
summarizes their main properties.

2.2. Fiber cement specimen preparation

The specimens were prepared according to an internal
standard developed by Uralita as follows. First, a 10 wt.%
fiber cement suspension was prepared using different raw
materials depending on process. For air cured process a
mixture of highly refined Pinus radiata unbleached Kraft
pulp (3%), poly-vinyl-alcohol fibers (2%) and silica fume
(6%) on a matrix of ASTM Type II A cement (89%) was
used. On the other hand, for the specimens corresponding
with the autoclave process the mixture was 10% of refined
Pinus radiata unbleached Kraft pulp, 39% of standard
ground silica on a matrix of ASTM Type II cement (51%).

After mixing, 1 L suspension was stirred for 45 s in order
to obtain a homogenous sample followed by flocculant

Table 1
Main characteristics of studied flocculants

Flocculant Molecular weight (g/mol) Anionic charge (meq/g)
A-PAM 1 7.4-10° -16
A-PAM 2 17-10° -23
A-PAM 3 7.5:10° —0.6
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Table 2 Table 3
Main characteristics of tested sizing agents Results obtained at different A-PAM 1 dosages
Active ingredient Viscosity, pH Charge A-PAM 1 dosage Density® MOR?* (MPa) COD
content, (%) (mPa-s) density (ppm) (g/cm3) (ppm)
SAC 1 30 100* 3.7 Cationic 100 1.52+0.01 11.3+1.0 157
SAC 2 31 50%* 5.0 Anionic 125 1.51£0.02 11.1+0.7 133
SAC 3 30 100* 5.0 Amphoteric 150 1.51£0.03 11.6+1.1 137
SAC 4 32 150%* 35 Cationic 175 1.48+0.03 9.3£0.9 201
SAC 5 30 50%* 4.5 Anionic 200 1.48+0.02 9.2+1.1 151
AKD 1** 16 <50k 3.7 Cationic 225 1.48+0.04 9.7£0.6 201
AKD 2 ¥+ 18.5 <50%* 3.8 Cationic 250 1.48+0.03 8.9+1.1 155
Rosin 30 <100 6.0 - 275 1.47+0.01 9.4+0.7 122
300 1.48+0.02 9+0.8 109

* Measured at 20 °C.
** The active ingredient is AKD-wax.
*** Measured at 25 °C.
*k The active ingredient is AKD-wax and modified rosin.

addition. After 30 s, the mixture was poured into an
evacuable casting box of 210 x 80 mm size and evenly
distributed over the sieve, used as a filter medium. A
vacuum of 250 kPa was applied to dewater the sheet.
Finally, an 11 kg weight mold was put over the sheet to
simulate the pressure from the cylinder former in the
Hatschek machine. Finally, the sheet was removed from
the sieve and pressed for 5 s at 6.2 MPa. For each
experiment, 6 different specimens were obtained in order
to obtain representative values.

The specimens were stored between two steel plates
inside a sealed plastic bag until stacks of six were prepared.
Then the specimens were stored in a curing chamber with a
water-saturated atmosphere for 24 h. Finally, depending on
the fiber cement suspensions used specimens were cured in
saturated water with respect to cement until the flexural test
for the specimens corresponding with the air cured process
or in an autoclave for 9 h, at 9 atm steam pressure and 180
°C previously to the time in saturated water for the
specimens corresponding to the autoclave process.

To study the effect of the sizing agents, two different
sequences were used: the pre-treatment of the cellulose fibers
with the size products for 1 min or the addition of the sizing
agent, as an additive, at the same time as the flocculant.

2.3. Property measurements

The bending strength and density were determined after
7 days curing. The test method follows the standard EN 494,
modules of rupture (MOR) were measured in center point
bending and six replications were used for each test.
3. Results and discussion
3.1. Influence of flocculant dosage

A first set of experiments was carried out in order to

determine the effect of flocculant dosage on product
properties. It was decided to study the effect of the

# Results obtained from the average of 6 test specimens.

flocculant used at the mill site, the A-PAM 1, at nine
different dosages between 100 to 300 ppm, in order to cover
a range wider than that used industrially.

Table 3 summarizes the obtained results. An important
reduction of MOR values, around 20%, is observed for
dosages higher than 150 ppm. A slight reduction in density
values is also observed. The chemical oxygen demand
(COD) from the filtrate water did not increase significantly
with the flocculant dosage. This gives a clear indication of
the high flocculant retention of the product being the cause
of bending strength losses.

To explain the bending strength losses, analysis by
infrared spectroscopy (FTRI) was performed on the floccu-
lant in order to identify any potential functional groups that
could alter the cement curing process. The infrared spectrum
showed the presence of citric acid. This acid has been
reported in the references as a retarding agent [33].

Therefore, a second set of tests was performed using 100
ppm of flocculant and different citric acid concentrations
(50, 100, 150 and 200 ppm) in order to identify its
influence. Results are shown in Fig. 1. As can be observed,
the presence of citric acid significantly decreases the MOR
values and a 20% reduction was obtained. According to
these results the presence of citric acid could be one of the
reasons for bending strength reduction.

13.0

q
12,54
12.0
1154

11.0

MOR (MPa)

10.5 A

10.0

9.5 A

9.0 T T T
0 50 100 150 200 250

Citric acid (ppm)

Fig. 1. Influence of citric acid concentration on bending strength properties.
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Table 4
Influence of several A-PAM at different dosages
Flocculant Density® MOR?* COD
dosage (ppm) (gfem’) (MPa) (ppm)
A-PAM 1 0 1.51£0.02 13.1£0.8 122

100 1.52+0.03 11.2+£0.9 214
200 1.42+0.01 9.4+1.3 99
300 1.47+0.03 9.3£0.6 140
400 1.47+0.02 9.3£0.6 99
500 1.54+0.03 9.5+1.0 129
A-PAM 2 0 1.51+0.02 13.1£0.8 122
100 1.54+0.03 13.1+0.7 233
200 1.51£0.01 10.5£0.5 194
300 1.52+0.02 10.1+0.7 131
400 1.47+0.02 8.4+0.5 168
500 1.47+0.01 8.610.6 159
A-PAM 3 0 1.51+0.02 13.1£0.8 122
100 1.49+0.01 11.2+1.1 218
200 1.48+0.02 9.8+1.5 151
400 1.47+0.03 10.3+0.9 190

# Results obtained from the average of 6 test specimens.

3.2. Influence of flocculant type

In order to confirm the hypothesis a new set of
experiments was performed with other A-PAMs also used
in the mills which did not have citric acid in their
compositions. Results are shown in Table 4. The main
conclusion is that the three anionic poly-acryl-amides tested
have a negative influence on bending strength properties.
The effects at lower flocculant dosages are more important
for the A-PAM 1, probably due to the presence of citric acid.
However, a significant bending strength reduction is
observed in all cases. This effect could be explained
because of the presence of carboxylic groups (see Fig. 2)
that give anionic character to the PAM and these functional
groups could act as retarding agents.

According to the references hydroxy-carboxylic groups
appear to be particularly active in producing retardation. A
further analysis of the results obtained for the three tested
flocculants justifies this fact, since the lower bending
strength reduction is in correspondence with the use of A-
PAM 3, being the one with lower charge density (see Table
1) and, therefore, with less carboxylic groups in its structure
and consequently with less retardation effect. Higher
dosages of A-PAM 2 induce the highest bending strength
reduction and this could be justified because of its higher
charge density and, as a consequence, the higher number of
carboxylic groups [33 34].

However, in order to improve Hatschek machine produc-
tivity (retention, dewatering and formation) at industrial
level, flocculants are needed but these negative effects should
be minimized, avoiding flocculant over dosage through a
good flocculation process control. Another alternative is to
use new flocculant chemicals in order to overcome the
drawback of the actual A-PAM used in the industry or to
develop new methods to improve bending strength, e.g. fiber
surface treatment.

3.3. Effect of sizing treatment

One solution to increase bending strength properties of
fiber cement products is to treat the fibers and balance the
negative effect of the usage of A-PAM.

A recently published patent proposes the use of sizing
agents to overcome the problems due to the humidity
sensitive nature of the fiber cement sheet. However, no
scientific or technical papers are in the literature confirming
this fact. Thus we decided to study the effect of different
sizing agents for the bending strength properties. The main
sizing agents used in the paper industry are rosin, alkyl
ketene dimer (AKD), alkenyl succinic anhydride derivates
(ASA) and copolymers. It was decided to test all of them
except the ASA because of its high hydrolysis rate in
alkaline medium.

These tests were performed using suspensions from both
processes (air cure and autoclave). The results are summar-
ized in Table 5. Comparing these with the reference values,
it can be observed that the use of sizing agents can improve
the bending strength properties. In general, better results are
obtained when fibers are pre-treated with the sizing agents
instead of using it as an additive with the flocculant.

For the two processes different sizing chemistry is
optimal. The best results for the autoclaving process are
obtained when AKD is used as the sizing agent. This fact
can be explained by the high temperature in the autoclave
which induced the cure needed for AKD sizing. AKD sizing
is very slow at low temperatures and required a cure time at
high temperature in order to develop sizing. At low
temperatures the reaction between the AKD and the fibers
is very slow and the sizing properties are not developed.
This justifies that AKD does not have a positive influence
when the air curing process is used.

On the contrary, polymeric size agents are more easily
retained onto the fibers by a combination of electrostatic
attraction and hydrogen bonding and they do not require
thermal curing. Hence the best sizing agents for the air
curing process were the styrene-acrylate copolymers. The
best results were obtained for the sizing agents with the
lower viscosity (SAC2 and SACS) and with anionic charge.

Results obtained with rosin are not conclusive and
further studies are needed in order to assess its potential
suitability. This issue is outside the aim of this paper.
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Fig. 2. Chemical structure of anionic poly-acryl-amides.
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Table 5
Effects of different sizing agents
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Air curing process

Autoclaving process

Fiber pre-treatment Additive Fiber pre-treatment Additive
MOR (MPa)  Density (g/em®)  MOR (MPa)  Density (g/em®)  MOR (MPa)  Density (g/cm®)  MOR (MPa)  Density (g/cm’)
Rosin 13.9+0.8 1.51£0.02 — - 7.1£0.9 1.26£0.08 - -
Styrene-acrylate copolymers
SAC 1 12.9+0.3 1.46+0.01 12.5£0.8 1.50+0.02 6.5+0.4 1.22+0.01 6.72+0.09 1.19+£0.01
SAC 2 14.0+£0.8 1.50+0.02 12.4+0.2 1.47+0.02 7.4+0.1 1.20£0.01 6.2+0.3 1.20£0.01
SAC 3 11.8+£0.3 1.44+0.03 12.3£0.3 1.45£0.01 6.8+0.4 1.25+0.01 6.2+0.5 1.24£0.01
SAC 4 12.3+04 1.53+£0.03 12.2+0.2 1.54+0.02 6.1£0.4 1.23£0.02 6.9+0.4 1.22£0.01
SAC 5 14.7+0.9 1.52+0.02 14.1+£0.2 1.53+0.01 6.6+£0.3 1.24+0.01 6.6+0.2 1.24£0.01
Alkyl ketene dymer
AKD 1 13.5£0.4 1.50+£0.02 12+1 1.44+0.03 7.6+0.5 1.22£0.03 6.4+0.5 1.23£0.01
AKD 2 11.4+£0.9 1.51£0.02 11.7+0.5 1.52+0.01 7.6+0.1 1.24+0.01 6.1+0.2 1.22£0.03
Air curing process Autoclaving process
MOR (MPa) Density (g/cm?) MOR (MPa) Density (g/cm’)
Reference 13.1+0.8 1.51+0.02 6.5+0.4 1.23+0.03

Results obtained from the average of 6 test specimens.
Bold data are marked as the best results obtained.

These results open a fascinating line of research in which
fiber sizing and cement chemistry for a given fiber type
must be optimized in order to improve the strength
properties of composites.

4. Conclusions

The anionic poly-acryl-amides used as flocculants in the
fiber cement manufacture process with the standard
Hatschek machine decrease the bending strength of the
product when high flocculant dosages are used. The bending
strength reduction is more important when the flocculant
anionicity increases because of the higher number of
carboxylic groups in the polymer structure. Consequently,
new chemicals are needed to increase machine productivity
without affecting product quality.

The use of sizing agents increases the flexural strength of
fiber cement sheets significantly. The best sizing is different
depending on the process technology. For the autoclaving
process the use of AKD is recommended while for air cured
products the use of styrene-acrylate copolymers gives better
results.

Acknowledgements

The authors want to express their gratitude to Uralita
S.A. for sponsoring this project and supplying the raw
materials used for the fiber cement suspensions. We are
grateful for technical discussions with Jose Ma. Tejera. The
funding from the European Union and from the Spanish
Department of Science and Technology to the FEDER

project “Optimization of flocculation, retention and drain-
age processes” is also acknowledged.

References

[1] J.I. Daniel, et al., State-of-art-report on fibre reinforced concrete,
Reported by ACI Committee 544, Report ACI 544.1R-96, 1996.

[2] A. Bentur, S. Mindess, Fibre Reinforced Cementitious Composite,
Elsevier Applied Science Publishers, UK, 1998.

[3] R.S.P. Coutts, A.J. Michell, Wood pulp fiber-cement composites,
J. Appl. Polym. Sci. 37 (1983) 829—844.

[4] P. Soroushian, S. Marikunte, Reinforcement of cement-based materials
with cellulose fibers, Thin Section Fiber Reinforced Concrete and
Ferrocement, Publication SP, vol. 124, American Concrete Institute,
1990, pp. 99—124.

[5] R.S.P. Coutts, Wood fibres in inorganic matrices, Chem. Aust. 50 (5)
(1983) 143-148.

[6] P. Soroushian, Z. Shah, J.P. Won, Optimization of wastepaper fiber-
cement composites, ACI Mater. J. 92 (1) (1995) 82-92.

[7] P. Soroushian, Z. Shah, S. Marikunte, Reinforcement of thin cement
product with wastepaper fibers, in: P. Balaguru (Ed.), Thin Reinforced
Concrete, Products and System, SP, vol. 146-3, American Concrete
Institute, 1994, pp. 25-42.

[8] P. Souroushian, Z. Shah, J.P. Won, H. Chowdhury, K. Ostowari, A.
Nossoni, Recycled fibers: viable means of reinforcing cement
products, 7th Inorganic-Bonded Wood and Fiber Composite Materials
Conference, Idaho, 2000, pp. 153—164.

[9] D.J. Cook, Concrete and cement composites reinforced with natural

fibres, Proceedings Symposium of Fibrous Concrete, The Construc-

tion Press, New York, 1980, pp. 99—114.

K. Bilba, M.A. Arsene, A. Ouensanga, Sugar cane bagasse fibre

reinforced cement composites: Part 1. Influence of the botanical

components of bagasse on the setting of bagasse/cement composite,

Cem. Concr. Compos. 25 (1) (2003) 91-96.

[11] H. Savastano, P.G. Warden, R.S.P. Coutts, Potential of alternative fibre

cements as building materials for developing areas, Cem. Concr.
Compos. 25 (6) (2003) 585—-592.

[10

=



C. Negro et al. / Cement and Concrete Research 35 (2005) 21042109 2109

[12] H. Savastano, V. Agopyan, A.M. Nolasco, L. Pimentel, Plant fibre
reinforced cement components for roofing, Constr. Build. Mater. 13
(8) (1999) 433-438.

[13] D.J. Hannant, Overview: fibre reinforcement in the cement and
concrete industry, Mater. Sci. Technol. Ser. 11 (9) (1995) 853—-861.

[14] K. Bohnemann, T. Dietz, Process options for the production of
fibre-cement sheets, 6th International Inorganic-Bonded Wood and
Fiber Composite Materials Conference, Sun Valey, Idaho, Septem-
ber 27-30, 1998.

[15] D.P. Miller Wood—cement composites: interactions of wood compo-
nents with Portland cement, PhD Thesis, University of Idaho, USA,
1988.

[16] M. Hachmi, A.A. Moslemi, Effect of wood pH and buffering
capacity on wood—cement compatibility, Holzforschung 44 (6)
(1990) 425-430.

[17] D.P. Miller, A.A. Moslemi, Wood—cement composites: species and
heartwood-sapwood effects on hydration and tensile strength, For.
Prod. J. 41 (3) (1991) 9—14.

[18] D.P. Miller, A.A. Moslemi, Wood—cement composites: effect of
model compounds on hydration characteristics and tensile strength,
Wood Fiber Sci. 23 (4) (1991) 472—-482.

[19] R.S.P. Coutts, V. Ridikas, Refined wood fibre-cement products, Appita
J. 35 (5) (1982) 395-400.

[20] R.S.P. Coutts, P.G. Warden, Air-cured, wood pulp, fibre cement
composites, J. Mater. Sci. Lett. 4 (1985) 117—-119.

[21]7 R.S.P. Coutts, Autoclaved beaten wood fibre-reinforced cement
composites, Composites 15 (3) (1984) 139-143.

[22] A.J. Michell, G. Freischmidt, Effect of fibre curl on the properties of
wood pulp fibre-cement and silica sheets, J. Mater. Sci. 25 (1990)
5225-5230.

[23] R.S.P. Coutts, M.D. Campbell, Coupling agents in wood fibre-
reinforced cement composites, Composites 10 (4) (1979) 228-232.

[24] W. Pichor, M. Petri, J. Deja, Properties of FRC with modified cellulose
fibres, Fith Rilem Symposium on Fibre-Reinforced Concretes, 2000,
pp. 643—652.

[25] X. Lin, M.R. Silsbee, D.M. Roy, Improvements in the durability of
cellulose reinforced cementitious composites, in: K.L. Scrivener, J.F.
Young (Eds.), Mechanisms of Chemical Degradation of Cement-
Based Systems, E & FN Spon, London, 1997, pp. 106—113.

[26] G. Telysheva, T. Dizhbite, A. Arshanitsa, J. Hrols, J. Kjaviav,
Modification of the properties of pulp fibers for their application in
the production of composite materials, Cell. Chem. Technol. 33 (5-6)
(1999) 423-435.

[27] P.R. Blankenhorn, B.D. Blankenhorn, M.R. Silsbee, M. Dicola,
Effects of fiber surface treatments on mechanical properties of wood
fiber-cement composites, Cem. Concr. Res. 31 (2001) 1049-1055.

[28] J.L. Pehanich, P.R. Blankenhorn, M.R. Silsbee, Wood fiber surface
treatment level effects on selected mechanical properties of wood
fiber-cement composites, Cem. Concr. Res. 34 (2004) 59—-65.

[29] D.J. Merkley, C. Luo, Fiber Cement Composite Materials Using Sized
Cellulose Fibers, Patent WO 02/28795, 2002.

[30] L. Neimo, Papermaking Chemistry, Fapet Oy, Finland, 1999.

[31] K. Hodgson, Fundamentals and basic chemistry of paper sizing,
Scientific and Technical Advances in Internal and Surface Sizing
of Paper and Board, Pira International, Graz, Autstria, December
11-12, 2003.

[32] P. Rankin, Experiences with polylmeric soft sizing in mechanical
papers, Scientific and Technical Advances in Internal and Surface
Sizing of Paper and Board, Pira International, Graz, Autstria,
December 11-12, 2003.

[33] C.R. Wilding, A. Walter, D.D. Double, A classification of inorganic
and organic admixtures by conduction calorimetry, Cem. Concr. Res.
14 (1984) 185—194.

[34] C. Negro, A. Blanco, E. Fuente, L.M. Sanchez, J. Tijero, Influence
of flocculant molecular weight and anionic charge on flocculation
behaviour and on the manufacture of fibre cement composites by
a Hatschek process. Cem. Concr. Res., 35 (2005) 2096-2104
(available online 3 May, 2005).



	Effects of flocculants and sizing agents on bending strength of fiber cement composites
	Introduction
	Experimental
	Materials
	Fiber cement specimen preparation
	Property measurements

	Results and discussion
	Influence of flocculant dosage
	Influence of flocculant type
	Effect of sizing treatment

	Conclusions
	Acknowledgements
	References


