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ABSTRACT 

The objective was to evaluate the physical-mechanical performance of extruded fiber-cement composites 

produced with surface-modified cellulose fibers. The silanes used for surface modification of the cellulose 

fibers were methyltrimethoxysilane (MTMS) and isobutyltrimethoxysilane (IBTMS). Surface modification is 

an attempt to reduce water absorption of the fibers, and it was confirmed by MEV/EDS measurements of the 

Si content on the fibers. Moisture absorption was reduced in the modified fibers. The cement composites were 

fabricated with water/cement ratio of 0.3. The treatment of pulps with silanes positively affected MOR and 
MOE values of the fiber-cement under bending. MTMS-modified fibers led to significant reduction of water 

absorption of the composites, in relation to those reinforced with unmodified fibers. The modification of the 

fibers resulted in distinct surface characteristics  for water absorption at the cellulose pulp fibers, which led to 

important changes in the physical and mechanical properties of the fiber-cement performance. 

 

INTRODUCTION 

The renewable cellulose fibers are widely available from wood or fibrous plants in most developing countries. 

They have several interesting advantages, particularly low density and availability everywhere at modest costs 

and in a variety of morphologies (Stenstad et al., 2008; Kulpinski et al., 2012). Cellulose fibers have a 

potential as material for matrix reinforcement in polymer or fiber-cement composites (FCCs) (Peijs and 

Baillie, 2003; Savastano and Warden, 2005; Belgacem and Gandini, 2008; Savastano et al., 2010). 

The main drawback associated with cellulose fibers in cement application is their durability in the 
cementitious matrix and also the compatibility between both phases (Agopyan et al., 2005). The high 

alkalinity of water in the pore of the cementitious matrix weakens the cellulose fibers, induces their 

mineralization (Bentur and Akers, 1989; Toledo Filho et al., 2000) and, consequently, yields to the decay of 

the composite tenacity in the long term. Moreover, the severe weathering conditions to which the composite is 

exposed induce water uptake and release of the composite, which results in continuous volume changes of the 

porous cement matrix and the hydrophilic cellulose fibers cell wall. It has been observed, as a consequence of 

these cycles of water uptake and release, a loss of adhesion at the fibre to cement interface, resulting on the 

disjointing of reinforcing elements and decay of composite mechanical properties (John et al., 1998). 
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Surface treatment of cellulose fibers reduces their hydrophilic character and improves their adhesion with the 

matrix (Karade et al., 2005; Belgacem and Gandini, 2008; Hoikkanema et al., 2011; Raquez et al., 2012). The 

reactive hydroxyl groups of the fiber‘s surface are modified by esterification, etherification, and urethane 
formation, among many others. As a result, the water absorption (WA) of the composites is reduced and their 

mechanical properties are improved. 

The use of silane coupling agents is a very well-known practice in glass–fibre based composites and silica-

filled polymeric matrices (Plueddemann, 1991). These chemicals were applied to cellulose fibre-reinforced 

polymeric composites (Abdelmouleh et al., 2007) and carbon fibre-reinforced cement paste (Xu and Chung, 

2001), as well as in wood fibre–cement materials (Blankenhorn et al., 2000; Pehanich, Blankenhorn and 
Silsbee, 2004). Although the innovative character of these reports, there is still a relevant lack of information, 

as the most appropriate silane and the best grafting conditions for a good adhesion between fibre and cement 

matrix, besides significant reduction of the fibre‘s hydrophilic character. Horeover, the stability of the fibre‘s 
modification can be questioned under the composites processing conditions, namely, during the de-watering 

and pressing stages. Furthermore and to the best of our knowledge, the effect of the silane modification on the 

water absorption and porosity of extruded fibre–cement composites reinforced with surface modified 

eucalyptus pulp has never been previously investigated. Extrusion permits the use of low water:cement ratios 

(between 0.20 and 0.40), which can further assist in the preservation of the fibers from mineralization. The 

objective of the present work is to evaluate the impact of surface modification of eucalyptus cellulose fibers 
with different silanes on the physical and mechanical performance of extruded fiber cement composites.  

 

2. MATERIAL AND METHODS  

2.1 Cellulose surface modification 

Conventional bleached eucalyptus kraft pulp was used as starting material. The choice of the bleached pulp is 

due to the fact that these fibers are free of surface contaminants (such as lignin and extractives) that could 

disturbef the binding of the silanes on the pulp fiber surface. Those bleached fibers are readily available in the 

Brazilian market and were provided by Fibria company. The individual pulp fibers used have a mean length of 
around 0.64 mm and average width of around 17.9 µm. Their constitution is of around 84% of cellulose 

(alpha, beta and gamma cellulose of around 92.2%, 6.8% and 1.0%, respectively), around 15% of 

hemicellulose and 1% ash content. 

The silanes used for the surface modification of the cellulose fibers were methyltrimethoxysilane (MTMS) and 

isobutyltrimethoxysilane (IBTMS). The experimental design for the chemical modification of the fibers is 

presented in Table 1. The silanes were prehydrolysed for 2 h under stirring in 50/50 v/v ethanol-distilled water. 

Then, cellulose pulp was added to the prehydrolysed silane and the resulting suspension was maintained for 4 

h under stirring at 1400 rpm. At the end of reaction, the pulp was filtered and the fibers were immediately 

subjected to heat treatment at 110°C for 12 h, to promote the chemical coupling of reagents, according to the 

methodology proposed by Abdelmouleh et al. (2004). 

 

 

 

 



 

67 

 

Table 1 – Silane concentrations used in the cellulose fibers 

Treatment Silane type Concentration (% by mass) 

1 - - 

2 

IBTMS 

10 

3                  25 

4 50 

5 

MTMS 

10 

6                  25 

7 50 

 

2.2. Characterization of the chemical modification 

For evaluation of the chemical modification, the dried fibers were individualized in water with mechanical 

agitation, and subsequently filtered to form a cellulose hand sheet, that was pressed under 3.5 MPa for 
formation of a flat paper with 250 g/m². The fibers were evaluated by SEM micrographs in a Zeiss DSM 940A 

microscope with a tungsten filament operating at 15 kV. An energy dispersive spectroscopy (EDS) system 

(model JEOL 6742A - Ultradry Silicon Drift) with an active area of 10 mm² and 132 eV resolution was used to 

detection and semi-quantitative analysis of the Si atoms at the fiber surface. Average percentage of Si (% by 

mass) was obtained after five scans per sample in a 1 mm2 area. The fiber sheet samples were bonded over a 

carbon tape on the metallic stubs and carbon coated (for EDS measurements) before testing. 

The moisture adsorption test was performed according to ASTM E-104-85 (1996) standard. For each 

treatment, three replicates were evaluated, with dimensions of 2.0 x 1.0 x 0.1 cm (length, width and thickness, 

respectively). The samples were oven dried at 70°C for 24 h, and subsequently disposed in a desiccator 

hermetically sealed at a temperature of 20±2°C and 99% of relative humidity. A saturated solution of 
potassium sulphate was used to maintain the relative humidity constant. The moisture adsorbed by the samples 

over time was determined by successive weighting them on a scale with precision of 0.0001 g. This evaluation 

was carried out for 192 h. The moisture adsorbed (MA) was calculated according to eq. (1): 

 

MA (%)  = [(M1 – M0) / (M0)] x 100                 (1) 
 

Where, MA = Moisture adsorbed; M1 = wet mass (mass of the sample after x hours of exposure to 99% 

humidity); and M0 = initial mass (before exposure to moisture).  

2.3. Composite production and characterization 

Cement based composites were reinforced with unmodified and modified pulp fibers. Fiber-cement 

formulation was based on previous studies (TEIXEIRA et al., 2012; TONOLI et al., 2010). Composites were 

produced in laboratory small scale by extrusion procedure. The constituents were (percentage by dry mass): 
5% of bleached eucalyptus kraft pulp, 60% of ordinary Portland cement (OPC) CPV-ARI (ASTM C150, 

2009), 33% of ground carbonate, 1% HPMC (Hidroxipropelmetilcelulose) and 1% ADVA (polyeter 
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carboxylic aditive). The water:cement ratio used was of around 0.40. The composites were produced with 

dimensions of 200 mm x 50 mm x 15 mm (length, width and thickness, respectively). After the completion of 

the curing stage, the specimens were tested 28 days after production. The specimens were soaked in water for 

24 h prior to mechanical (Modulus of rupture (MOR) and modulus of elasticity (MOE) at static bending) and 

physical tests (water absorption (WA) and bulk density (BD)). 

2.4 Soak and dry accelerated ageing cycles 

Composites were successively immersed into water at 20°C ± 5°C for 170 min, after resting for 10 min, they 

were heated to a temperature of 70°C ± 5°C for 170 min in a ventilated oven. An interval of 10 min (at room 

temperature) is usual prior to beginning the next cycle, as recommended by EN 494 (1994) standard. Each 
soak and dry set represents one cycle, which was repeated 200 times, i.e., 200 ageing cycles. This method 

simulates natural ageing in severe conditions, although additional studies are needed to simulate the most 

relevant accelerated conditions corresponding to natural weathering, in order to predict more precisely the 

long-term behavior of the composites produced. Physical and mechanical performance of the composites, 

before and after the soak and dry accelerated ageing cycles, were evaluated for comparative analysis of the 

composites degradation. 

 

3. RESULTS AND DISCUSSION 

3.1.Characterization of the fiber modification 

Figure 1 shows semi-quantitative data (from EDS measurements) of the Si content (by mass) grafted on the 

cellulose fibers under the different grafting conditions. The Si content of all the modified fibers was far higher 
in relation to control (unmodified) sample. Remarkable increase in the average Si content was observed when 

the concentration of the silanes was increased. In general, the higher concentrations (50% by fiber mass) of 

MTMS and IBTMS were the most efficient conditions for grafting of the cellulose fiber surface. For MTMS it 

was not observed statistical differences between the silane concentrations (25% and 50%). 
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Figure 1 – Average values and standard deviation of the Si content (by mass) grafted on the fiber surface, 

determined by EDS measurements. Different letters represent statistical differences between the samples 

(Scott-Knott, 5% significance). 

The initial average moisture adsorption (6 h of evaluation) and the final average moisture absorption (192 h of 

evaluation) for cellulose pulps chemically modified with different silanes in different concentrations can be 

observed in Figure 2. The high moisture absorption by the cellulose fibers can be associated to the decrease in 

mechanical properties, dimensional changes and decay on the durability of the composites (ASHORI et al., 

2012). 
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Figure 2 – Initial (after 6 h) and final (after 192 h) moisture adsorption of cellulose pulps chemically 

modified. Different letters represent statistical differences between the samples (Scott-Knott, 5% significance). 

There was a slight decrease in the values of moisture adsorption (21.6 at 32.6 of reduction values) in the 

grafted cellulose pulps when compared to ungrafted cellulose pulp (α < 0.05) after 192 h. There was no 
statistical difference between the moisture adsorption of the different grafting conditions. The concentration of 

25% of silanes seems to be enough for proper modification of the pulp fibers, and then it was chosen for 

grafting the fibers used in the production of the composites. 

3.2 Effect of fiber modification on the mechanical and physical performance of the fiber-reinforced 

composites 

Table 2 shows the effect of pulp modification after 28 days of air curing and accelerated ageing cycles in the 

mechanical and physical properties of the composites. It is observed that all treatments with modified cellulose 

pulps have significantly increased the density of the composites after 28 days of curing. This fact can be 

explained by the formation of chemical bonds between the treated cellulose fibers and cement matrix, thus 

ensuring better fiber-matrix interaction and consequently higher density, which reflect on significant higher 

values of MOE and MOR. Pehanich et al. (2004), when considering the modification of cellulose with 

alkilalkoxisilano, also obtained significant improvement of the MOE and MOR values during bending tests. 

Those authors similarly justified the increase by the better linking of the fibers with the cement matrix. 
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Table 2 - Average and standard deviation values for modulus of rupture (MOR), modulus of elasticity (MOE), 

water absorption (WA) and bulk density (BD) of the fiber–cement composites. 

Fiber 

 condition 

Composites 

condition 
MOR (MPa) MOE (MPa) WA (%) BD (g/cm³) 

ungrafted 

28 days 

6.4 (0.2) 2994 (175) 23.0 (1.1) 1.75 (0.03) 

MTMS 8.0 (0.3) 4718 (335) 21.3 (0.1) 1.82 (0.03) 

IBTMS 7.6 (0.4) 4419 (558) 24.7 (2.0) 1.81 (0.05) 

ungrafted 

200 cycles 

6.2 (0.6) 3453 (424) 15.5 (1.5) 2.00 (0.04) 

MTMS 8.6 (0.9) 5360 (861) 11.0 (2.5) 2.07 (0.03) 

IBTMS 8.5 (1.3) 5428 (860) 15.9 (3.4) 1.92 (0.04) 

 

MOR values decreased after accelerated aging for fiber-cement produced with ungrafted cellulose pulp. For 

composites produced with cellulose pulp grafted with silanes the MOR values increased after ageing, attending 

Brazilian standard (NBR 15498, 2007) for flat fiber cement boards. The use of grafted cellulose fibers led to 

improved mechanical performance even after accelerated ageing. MOE values increased for all treatments. 

According to Mohr, Nanko and Kurtis (2005) and Tonoli et al. (2009a) these results are due to the re-
precipitation of hydration products around the fibers, which improves the transition zone around the fibers by 

decreasing the porosity of the composite. Consequently, BD values also increased with accelerated ageing 

(Table 2).  

 

4. CONCLUSIONS 

Results obtained with MEV/EDS and moisture absorption indicated differences between the cellulose pulps 

ungrafted and cellulose pulps grafted with silanes. These observations point out that modifying surface of the 

fibers with silanes is a promising approach to fiber hydrophobization. The concentration of 25% of silanes 
seems to be enough for proper modification of the pulp fibers. Fiber grafting with silanes positively affected 

the mechanical properties (MOR and MOE values) even after accelerated aging. MTMS-grafted fibers 

significantly reduced the water absorption of the composites in relation to ungrafted fibers. These results 

contribute in the direction of efficient fiber modification strategies aiming to improve adhesion and long term 

performance of the fiber-cement composites. 
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