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Abstract:      
               

           The aim of this study is the utilization of some local agricultural 

wastes, such as rice straw bagasse, cotton stalks and linen fibers, which 

cause a big environmental problem. Different cement-fiber composites 

were prepared using 1.5, 3, 4.5 and 6% fibers by weight of cement. The 

lengths of the fibers used were 0.5, 0.8 and 1.25 mm. Hydration of the 

different composites was carried out at room temperature for various time 

intervals, namely, 1, 3, 7, 28 and 90 days. Combined water contents, 

compressive strength and phase composition of the different prepared 

composites were examine 
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Introduction 
              

            Fiber reinforcement has been used to improve fracture toughness 

of brittle bodies. The best known and most widely used material of this 

type is cement asbestos boards, which have been used as roofing and 

siding elements throughout the world for nearly 80 years (1, 2). However, 

for health and environmental reasons, the utilization of asbestos as a 

reinforcing material is recently strictly banned. Wood fiber or generally 

cellulose fibers are considered as substitute for asbestos in fiber – 

reinforced cement products manufactured by the Hatsckek process (3). 

              Plant fibers and “man made” cellulose fibers are used as 

substitutes for asbestos fibers in cement matrix which showed 

comparable characteristic properties at lower costs. Distinctly higher 

values of strength and stiffness of such composites can be achieved by 

chemical modifications of the fiber surface such as acrylic and poly 

styrene treatment (4). The fraction and characteristics of composites of 

cement with pulverized wood chips and plant fiber particles have been 

investigated with the objective of producing composites with dimensional 

variations in the final products of about 1mm / m (5). The low density 

and good thermal insulation quality of wood cement – banded broad 

(WCB) compared with concrete products make such products suitable for 

interior and exterior use (6-10). 

 

Experimental 
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                 The material used in this work were ordinary Portland cement 

provided by Tourah cement Co., Egypt, and the local agricultural wastes 

of rice straw, sugar cane, bagasse, cotton stalks and linen wastes fiber. 

                The cellulosic wastes were prepared by grinding the pretreated 

samples by boiling in water for 30 minutes followed by washing and then 

air–dried. The samples were separated to different sizes using suitable 

screens. 

                 Portland cement – cellulosic fiber composites were prepared by 

mixing powdered cement with various fiber ratios namely; 1.5, 3.0, 4.5 

and 6.0% by weight. The quantity of mixing water was calculated to 

obtain the same level of workability for all mixtures by applying the 

following empirical relationship (11, 12). 

                               Water (L) = 0.3 C + 1.3 F 

C: cement weight, F: oven–dried fiber. 

                 The different mixtures were moulded in the form of one cubic 

inch and hydrated for various time intervals namely; 1, 3, 7, 28 and 90 

days in saturated humid atmosphere. After the prescribed hydration 

period, the specimens were subjected for measuring their characteristics.  

 

Results and Discussion 
Combined water content 
           The results of the chemically combined water content (Wn %) 

corrected for the added fiber percent of the various samples as well as the 

blank at different hydration ages are shown graphically in Figures (1-4) 

for fibers of length 1.25 mm. It is obvious that there is a continuous 

increase in combined water with increasing age of the hydration up to 90 
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days for all mixes. This is attributed to the progress of the hydration of 

Portland cement with increasing age. 

               

             Figure (1) shows the corrected chemically combined water 

contents (CWC) of the cement-rice straw composites compared to the 

blank mix. It can be observed that the values of CWC of the blank 

samples are slightly higher than those of cement-rice straw composites 

with some exceptions. Generally, CWC decreases with increasing fibers 

ratio. 

             The values of CWC of cement-bagasse fibers composites 

are considerably less than those of the blank sample at all the 

hydration ages. This might be attributed to the retardation effect 

of any residual sugar in these fibers. There is no significant 

effect of the used ratios on the values of CWC of such 

composites, see Figure (2). 

                 It can be noticed that the CWC of the blank samples 

are slightly higher than these of cement-cotton stalks composites 

at early ages of hydration up to 7 days, see Figure (3). Whileas, 

the CWC of cement-cotton stalks composites at later ages of 

hydration are higher than those of the blank. This can be related 

to some extent to the high retardation value of cotton stalks 

which contributes to the increase of the degree of hydration of 

Portland cement.  



 
8th ARAB INTERNATIONAL CONFERENCE ON 

POLYMER SCIENCE & TECHNOLOGY 
27 – 30 November 2005, Cairo-Sharm El-Shiekh, EGYPT 

                    Also, from Figure (4) it can be observed that the 

values of CWC of all cement-linen fibers composites are slightly 

low compared to those of the blank sample at all ages. 

                     Generally, it was noticed that there was no 

significant effect for the fibers length of the used lengths (1.25 

& 0.8 mm) on the results of chemically combined water contents 

(CWC) of the different investigated composites.    

 

Compressive strength 
               Compressive strength of the different hardened composites was 

measured at the various hydration ages and the results are shown in 

Figures (5-8) for fibers of length 1.25 mm. 

               The compressive strength increases with increasing hydration 

age for all the hardened cement – cellulosic fiber composites as well as 

the blank mix. This is attributed to the increase in the degree of hydration 

with increasing age. 

                Generally, all the investigated cement–cellulosic fiber 

composites give lower values of compressive strength compared to those 

of the blank mix. The values of compressive strength of cement – bagasse 

composites are lower than those of the other composites especially at the 

early ages of hydration. This can be attributed to the retardation effect of 

any residual sugar in the fibers. Portland cement–linen fiber composites 

show relatively higher values of compressive strength compared to those 

of the other composites see Figure (8). It was observed that the results of 

the compressive strength of cement cellulosic fibers composites with 
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fibers of length 0.8 mm are nearly similar to those of the composites with 

fibers of length 1.25 mm.  

 

Phase composition 
               The results of X-ray diffraction analysis of the hardened 

Portland cement pastes (Figure 9) indicate that the main hydration 

products are tobermorite-like calcium silicate hydrates (CSH) and 

calcium hydroxide (CH). The results indicate that the degree of hydration 

as well as the degree of crystallinity of the formed hydrates increases with 

increasing hydration time. It is clear that the main hydration products in 

the cement – cellulosic fiber composites are similar to those in the blank 

sample, see Figure (9). Also, it can be noticed that the intensity of the 

characteristics peaks of CH in the case of cement – rice straw and cement 

– linen fiber composites is lower compared to those in other composites. 

This indicates that there is a sort of retardation effect in these composites. 

Such results are in agreement with those of combined water content. 

 

CONCLUSIONS 
             

        The main conclusions could be derived from this study are 

summarized as follows: 

1- Most cement-cellulosic fibers composites showed lower values of 

chemically combined water contents except with cotton stalks at 

later ages of hydration. 

2- All the investigated Portland cement-cellulosic fibers composites 

showed lower values of compressive strength compared to the 

blank samples. 
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3- Portland cement-linen fibers composite showed relatively high 

values of compressive strength compared to the other composites. 

4- There was no significant effect for fiber length (0.8 or 1.25 mm) on 

both the degree of hydration and the results of compressive 

strength. 

5- The phase composition of the investigated Portland cement-

cellulosic fiber composites is similar to that of the hardened neat 

Portland cement paste (blank). 
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Fig (1) : Combined water of  cement-rice straw 
(> 1.25 mm ) composites versus hydration ages .

Fig (2) : Combined water of  cement-rice straw 
(> 1.25 mm ) fiber composites versus hydration 
ages .
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Fig (3) : Combined water of  cement-cotton 
stalks (> 1.25 mm )fiber  composites versus 
hydration ages .

Fig (4) : Combined water of  cement-linen  (> 
1.25 mm ) fiber composites versus hydration 
ages .
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Fig (5) : Compressive strength of  cement-rice 
straw (> 1.25 mm )fiber  composites versus         
                  hydration ages .

Fig (6) : Compressive strength of  cement-cotton 
stalks (> 1.25 mm ) fiber composites versus        
                      hydration ages .
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Fig (7) : Compressive strength of  cement-bagasse 
(> 1.25 mm )fiber  composites versus hydration 
ages .

Fig (8) : Compressive strength of  cement-linen  
(> 1.25 mm ) fiber composites versus hydration 
ages .
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Fig.(9) : X-Ray diffraction patterns of the hardended Portland cement- 
cellulosic fiber  composites after 28 days hydration.

 


