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Abstract 
 

Urgent needed has been drawn recently to recycle agricultural wastes to 

reduce their environmental impact and promote sustainable development. 

The purpose of this research was to explore the comfortability of palmdate 

(Phoenix dactylifera) as cellulosic fibers in wood-cement compound board 

producing, along with the enhancement of cement compatibility by physical 

pre-treatment and nano TiO2 addition processes. Tests were performed to 

measure physical and mechanical characteristics with respect to flexural 

strength and microstructural features using thermogravimetric analysis 

(TGA), x-ray diffraction (XRD) and scanning electron microscopy (SEM). 

The findings showed that in all properties investigated, the use of preserved 

palmdate fibers in wood-cement compound production was of increasing 

significance. The flexural strength (85 and 119 %) is increased respectively 

for a mass fraction of 4 and 8 percent. TGA and XRD showed that the 

addition of nano TiO2 resulted in a drop in Ca(OH)2 related with the rise of 

bending efficiency during the pozzolanic reaction, which could be attributed 

to additional CSH products. Some of the newborn crystals were found to be 

distinct. Some of the newborn crystals were found to be diffused into the 

fiber cavities according to SEM micrographs and were found to protrude 

from fiber surfaces. 
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1 Introduction 
 

While the use of natural fibers is the oldest type of composite 

reinforcement, this principle has been revived in the course of this century 

towards the evolution of a broad range of cement-based materials used in 

conjunction with waste fibers. Compared to manufactured fibers, natural 

fibers are very popular and available in the world as well as in the 

atmosphere because less energy is required [1]. They're a natural resource as 

well [2]. The properties of natural fibers, however, are not as constant as 

those of synthetic fibers and the tensile strength of natural fibers is lower [3]. 

The development of wood-cement composites has been revolutionized by the 

rapid process of carbon dioxide hardening[4]. As CO2 from the environment 

chemically reacts with alkalis in cement mortar or concrete, typically 

Ca(OH)2, and/or with C-S-H gel, carbonation occurs, resulting in the 

formation of CaCO3 [5]. This phenomenon mainly culminated in a decrease 

in the aqueous phase pH value for concrete from a quantity greater than 12 to 

a quantity less than 8[6]. X-ray diffraction (XRD) experiments undertaken by 

Taylor[7] on Portland cement have shown that approximately 70% of C3S 

reacts within 28 hydration days, and nearly all within 1 year. Dicalcium 

silicate (C2S) is still hydrating, but roughly 30 per cent responds at a much 

slower rate in 28 days and 90 per cent in 1 year[8]. Therefore, the curing of 

ordinary Portland cement has been a slow, complex operation, particularly if 

the cement is used as a lignocellulosic binder in composites as aggregates or 

as a reinforcement material[9]. Young et al.[10] observed that, in the first 3 

minutes of carbonation of C3S and C2S, the development of C-S-H like gel 

and calcite (CaCO3) was subsequently carbonated into silica gel and calcium 

carbonate. It was found that in a two-hour carbonation curing process, a 

carbonated concrete could absorb up to 16 percent CO2. In a two-hour curing 

cycle, the intensity produced exceeded the controls by 1.5 times in 7 days 

and 2 times in 60 days of traditional curing[11]. The higher the concentration 

of CO2, the greater the production of calcium carbonates, the lower the pH 

value and the time and pressure needed to achieve strength and 

carbonation[12]. In wood-cement composites, however, the compatibility of 

wood and cement is a big concern. The easiest and fastest way to increase the 

wood and cement consistency was to extract sugar and other water-soluble 

materials by immersion in hot water [13]. The wood fibers are soaked for a 

period of time in hot water, based on a number of factors, such as hot water 

temperature and the volume of inhibitory extractives present[14]. The results 

of the tests, in conjunction with Sudin et al.[15], indicate that both Fly Ash 

(FA) and Rice Husk Ash (RHA) can be used successfully as cement 

substitute materials for fiber cement production for oil palm fronds. 
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Given the motivating features and wide use of wood-cement composites, 

the "poisoning" impact of wood fiber on cement hydration is the worst 

concern during the manufacture of composites. The overall aim of this 

research is therefore to help the industry produce wood-cement composites in 

such a way that the materials can be assembled with greater strength, more 

economic quality and better physical-mechanical properties. 

 

2 Materials and Method 
 
2.1 Characteristics of Materials  
 

Cement Type I, micro silica, fine aggregate, water, and super plasticizer 

were the raw materials employed. To generate the specimens, ordinary 

Portland cement, conforming to I.Q.S 5/1984, was used. As a pozzolanic 

admixture consistent with a 114 per cent pozzolanic activity rate index, 

micro silica is used. The findings showed that the micro silica used in this 

analysis met the ASTMC-1240-05 minimum specifications. To improve the 

dispersion of mixes labeled as type G according to ASTM C494-14, a high-

range water reducer superplasticizer (Sika ViscoCrete 5930) with a density 

of 1,095 g/cm3 was added. The overall size of the sand conforming to Iraqi 

Standard No.45/1984 Zone 2 was 4.75 mm. Also, nano TiO2 was used as 

supplementary cementitious material to enhance the compatibility between 

cellulosic fibers and cement. The nano TiO2 used in this study was provided 

by Nanoshel Company (USA), and Table 1 presents their properties 

according to manufacturing origin. The Palmdate (Phoenix dactylifera) 

cellulose fibers was selected for this study due to their availability, low cost 

and easier to make fibers of small length. According to calibration results the 

palmdate fibers, an average length of 3.61 mm and a width of 0.23 mm, was 

gained by hummer milling. The moisture content and density of the 

examined fibers according to the requirements of ASTM D-4442-03 and 

ASTM D 2395-07a are provided in Table 2. 

 
Table 1: The features of used materials conferring to Nanoshel Company (USA) 

Properties Titanium dioxide nano powder 

Chemical composition TiO2 

Purity (%) 99.9 

particle size (nm) 50 

Specific surface area (m
2
/gm) 35 

Color White 

Phase Rutile 

Density (g/cm
3
) 4.3 
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Table 2: Features of palmdate fibers 

 

Property Palmdatefiber 

Av. Length (mm) 3.42 

Av. Width (mm) 0.21 

Aspect ratio (%) 16.29 

Dry density (kg/cm
3
) 780 

Saturated density (kg/cm
3
) 1370 

As received moisture content (%) 8 

Moisture content to saturation point (%) 79 

 

 

2.2 Experimental Procedure  
 

In this study, in accordance with ASTM C1185-12, Palmdate cellulose 

fiber-cement composite boards with a density of 1800 kg/m3 were made and 

tested for 28 days. In view of former studies, the experimental factors are: 

addition of nano TiO2: 4 percent and 8 percent respectively of total fresh 

weight of 0.5 percent by cement weight and different fiber mass fractions 

(Mf). Other constituents were 28 percent fixed water to cement ratio, 1.5 

percent cement weight superplasticizer, 20 percent cement weight 

substitution of microsilica and 1:2.5 cement to sand ratio. In order to avoid 

moisture loss, all samples with a diameter (305*152*12 mm) were held in 

the molds filled with wet burlap covered with a plastic sheet for one day. 

Pretreatment of physical fibers to strip extractives that prevent cement 

reactions. To ensure the elimination of poisoning extractives, the fibers were 

heated in water saturated with 20 percent Ca(OH)2 for 60 minutes. Flexural 

measurements were conducted in compliance with ASTM C1185-12 and 

ASTM C1186-12 within 28 days. Additionally, the microstructural properties 

were examined for both handled and control specimens in terms of X-ray 

diffraction (XRD), scanning electron microscope (SEM), and thermo 

gravimetric analysis (TGA). 
 

3 Results and Discussion 
 

3.1 Flexural Strength 
 

The flexural strength of the 28-day research boards strengthened with 

untreated and handled palmdate fibers is seen in Figure 1 in order to test the 

benefits of physical pretreatment on both types: with and without nano TiO2. 

The aim of these pretreatments was to protect the cellulose fibers from water  
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absorption and to improve the fiber/matrix interface consistency, thereby 

increasing the interaction among them. According to Figure 1, all of the 

untreated cellulosic fiber–cement composites (C) average flexural strength 

values were significantly lower than that of the treated fibers (T) at 28-day of 

moist curing. Consequently, the test findings revealed that the use of treated 

palmdate fibers in wood-cement composite production had a substantial 

effect on all of the properties investigated by increasing flexural strength (85 

and 119 percent) for 4 and 8 percent Mf palmdate fiber boards, respectively. 

In addition, comparing to control mix (C), it was found that the increase in 

flexural strengths were between (148 and 163%) after the addition of nano 

TiO2 for mix of treated fibers with nano TiO2 (NT). This enhancement is 

either be attributed to the pozzolanic reaction with Ca(OH)2 associated with 

the generation of extra stable CSH that fills the empty pores and decreases 

the thickness of  ITZ, or it could be due to the filling effect by the very tiny 

particles which reduce the volume and number of pores. This trend is similar 

to that found by Ramli et al [16]. 

 
Figure 1. Effect of nano TiO2 and fiber treatment on the flexural strength for all  

specimens at 28-day 

 

3.2 Microstructure 
 

3.2.1 XRD Patterns 
 

After 28-day of moist curing, XRD analyses were conducted to 

investigate the activity for (C, NC, T and NT) cement composite specimens. 

The X-ray diffraction patterns shown in Figure 2 revealed that each 

crystalline solid has its own characteristic peak profile defined by the X-ray 

angle of reflection in units of 2Theta (X-axis). According to “Joint 

Committee on Powder Diffraction Standards (JCPDS)”, in Figure 2, the 

components shown are: Ettringite: Ca6Al2 (SO4)3(OH)12, 26H2O, hexagonal 

crystallized, CSH: CaO.SiO2.H2O, poor crystallized, CS: CaSiO3, monoclinic 

crystallized, Zirconium Oxide: ZrO2, tetragonal crystallized, Titanium 

Dioxide: TiO2, rutile, Magnesium Oxide: MgO, cubic crystallized, and Zinc 

Oxide: ZnO, hexagonal crystallized. Between all of the significant peaks, the  
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two major constituents are assigned (CSH and calcium hydroxide). 

Moreover, after nano addition, more Ca(OH)2 converts to CSH during the 

pozzolanic reaction process. Significant peak humps of Ca(OH)2 were found 

in the diffraction pattern 2 for control mixes at values of 21.5 °, 29.5 ° and 37 

°, as shown in Figure 2. Meanwhile, in the diffraction pattern of 2Ѳ values of 

22 °, 25 ° and 52 °, minor peaks of (CSH, CS and ettringite) were noted. It is 

also clear from XRD patterns that, with the inclusion of TiO2 nanoparticles, 

the CH amplitude decreased. However, the results are agreeable with those of 

obtained by Belhadj et al. [17]. From these figures, it is therefore inferred 

that the nanoparticles react chemically with CH produced during cement 

hydration. Nanoparticles' pozzolanic reactivity will greatly boost the 

microstructure, thereby improving the mechanical strength of the composites 

of cement. 

 

 

 
Figure 2. The XRD patterns for all specimens at 28-days 

 

 

3.2.2 SEM Analysis 
 

 

SEM analysis of the cementitious composites offered a good qualitative 

view of the mineralogy that lies inside the composite structure. Figure 3 

views the SEM micrographs of (C, NC, T and NT) composite fractured 

surface after 28-day of moist curing. In general, it is obvious that the 

palmdate fibers have a simple and uniform structure, the long pointed fibrous 

cells called tracheids are made up of a wide variety of cell types (arrow 1/a) 

which indicated that the microstructure is weak and also explains the 

reduction of flexural strength for the control mix. Whereas, it seems clear 

that the surface black holes are partially filled with TiO2 nano particles 

and/or additional hydration products from the pozzolanic reaction (arrow 2/b) 

which considered as a sign of fiber petrification. It is also clear that there is a 

strong adhesion force between CSH and palmdate fibers after fiber 

pretreatment, so no cracks occur inside ITZ (arrows 3/c). Palmdate fiber's  
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surface tends to be coated with CSH (arrow 4/c). The NC, T and NT blends 

are thus denser than the control blend, which will strengthen the interfacial 

transition zone between the cementitious matrix and fibers, and 

definitelyencourage the composite's flexural performance. A very important 

phenomenon that can be noticed, control boards failed mainly pulling out of 

palmdate fibers[18]. Consequently, a combination of fiber rupture and fiber 

pull out occurred in the treated boards. These observations were also noticed 

by Qi [19]. 

 

 
 
Figure 3. SEM images of fractured surface at 28-day for specimens: (a) control; (b) 

with 0.5% TiO2; (c) with treated palmdate; (d) with 0.5% TiO2 and treated 

palmdate. 

 

3.2.3 TGA Analysis 
 

Figure 4 a and b, shows the TGA curves with a distinct weight loss in the 

temperature range typical to Ca(OH)2 and palmdate fibers. However, 

cellulose fibers decompose at the same temperature range (440 
o
C-580 

o
C) as 

calcium hydroxide, therefore an adjustment had to be made when calculating 

the component of Ca(OH)2. This was completed at the same temperature 

variety as for Ca(OH)2 by captivating into account the content of cellulosic 

fibers and their weight loss. The results suggest that control, when compared 

with treated and nano added specimens, show an increase in Ca(OH)2 

content. However, these weight loses were in the range of what that found by 

Ali [20-22].  

 

 

 

     

    

a b 

c d 
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Figure 4. Thermogravimetric analysis of all mixes.at 28-day for specimens: (a) 

containing 4 % Mf; (b) containing 8 % Mf 

 

 
4 Conclusions 
 
These conclusions are summarized as follows, based on the analysis of data 

compiled throughout this study: 

1. As maximum flexural strength exceeds 1.89 MPa (ASTM C-1186/08), 

Palmdate fibers were suitable unwanted materials to be used as cement 

reinforcement only if they were pre-treated with warm water involvement 

cycles. 

2. The flexural strength results show that both: the fiber pretreatment and the 

addition of nano TiO2 are important factors in refining the strength. 

3. The SEM micrographs demonstrate that CSH is precipitated and fills the 

voids in fibers in the pore structure of the matrix. 

4. Fiber petrification and interface zones for densification induced tendencies 

towards increased intensity. Instead of pullouting at fracture surfaces, 

petrified fibers with excess bonding appear to crack. 

5. Microstructural investigations (TGA and XRD) proved that, for mixes NC, 

T and NT the concentration of calcium hydroxide decreased in the solution 

with time due to the pozzolanic reaction and formation of CSH. 

6. The boards incorporating 4 % fiber mass fraction exhibits lower flexural 

strength than boards containing 8 % fiber mass fraction. 

 

 

 

a b 
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