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Abstract- Acacia nilotica fibers were chemically modified by treatment with Sodium hydroxide, Benzoyl chloride and 
phenyltriethoxysilane. The surface chemistry of the fibers was altered as a result of the chemical modification. The chemical 
treatment was also found to alter the characteristic of the fiber surface topography. Composites were prepared with treated 
and untreated fibers and epoxy resin by hand-lay-up technique. The treated and untreated fibers were characterized using 
Scanning Electron Microscope (SEM) and Fourier transform infrared spectroscopy (FT–IR).The Tensile strength, Flexural 
strength; Water absorption and thickness swellings were also evaluated. The tensile and bending stress increases 
significantly with maximum value recorded on saline treated fiber composites. The treated fiber composites showed lower 
water absorption and thickness swelling   properties in comparison to those of untreated fiber composites. 
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I. INTRODUCTION 
 
Processing of plastic composites using natural fibers as 
reinforcement has increased dramatically in recent years 
(Mueller and Krobjilowski, 2003). The advantage of 
composite materials over conventional materials stem 
largely from their higher specific strength, stiffness and 
fatigue characteristics, which enables structural designs to 
be more versatile. Long fibers that are oriented in the 
direction of loading offer the most efficient load transfer. 
Fiber reinforced composite materials offered a combination 
of strength and modulus that are either comparable to or 
better than many traditional metallic materials (Suradiet al., 
2009). While surface treatments remain necessary to 
improve natural fibers/plastics bonds, the majority of these 
treatments use expensive equipment, complex treatments 
methods and expensive chemicals. However, some surface 
treatment methods such as mercerization (alkali treatment 
of natural fibers), benzoylation and silane coupling involve 
no more than immersing fibers into solutions under ambient 
conditions. Some silane coupling agents are expensive in 
their concentrated form, but they are cost effective because 
they can be diluted with large volumes of water before 
treatments (Thimothy and Caroline, 2007). 
 
II. MATERIAL AND METHOD 
 
2.1 Materials 
The Acacia nilotica plant was obtained from TsamiyaBabba 
village, Gezawa Local Government Area, Kano State, 
Nigeria. Epoxy is a thermosetting polymer that cures 
(polymerizes and cross links) when mixed with a hardener. 
Epoxy resin of the grade LM-556 with a density of 1.1–1.5 
g/cm3 was obtained from Ciba Specialist. The matrix 
material was prepared with a mixture of epoxy and 
hardener HY-951 at a ratio of 2:1.  
 
2.2 Methodology 
2.2.1 Fiber Extraction 
The bast fiber was separated from the stalk mechanically by 
hand. The  bast fiber was then soaked  in a trough  of water  

for 5-7 days (enzymatic retting) after which the fiber was 
remove by hand scratching  and carding  with soft  nylon 
brush, to remove  the  gummy  material on the fiber surface. 
Later it was washed with clean tap water several times and 
allowed to dry under shade for 3 days. It was then brushed 
to obtain the fine strands of Acacia niloticafibers. 
 
2.3 Fiber Treatment 
2.3.1 Alkali treatment 
The Acacia nilotica fibers were treated with 5% (w/v) alkali 
(sodium hydroxide) solution for 30 min at ambient 
temperature, maintaining a fiber-to-liquor ratio of 1:30 
(w/v) as represented in scheme I below. The alkali treated 
fibers were washed several times with tap water to remove 
excess alkali and then with dilute acetic acid to remove any 
traces of alkali from the fiber surface and finally washed 
thoroughly with distilled water. Then the treated fibers were 
dried at room temperature for one week and finally kept in 
a hot air oven at 1000C until it dried (Maheswariet al., 
2012). Alkali treatment reduces the fiber diameter and 
increases the aspect ratio (Luz et al., 2008).  

Fiber—OH + NaOH Fiber--- O-NA+   +   H2O 
Scheme I: Alkali treatment of Acacia nilotica fiber 

 
2.3.2 Silane treatment 
A solution of 1% v/v phenyltriethoxysilane was prepared in 
acetone. Acetone was used in preference to water to 
promote hydrolysis to take place with the moisture on the 
surface of the fibers rather than within the carrier as shown 
in scheme II. The pH of the solution was maintained at a 
value of 4 to bring about complete hydrolysis of the silane 
by the addition of acetic acid; the solution was then stirred 
continuously for 10 min. The dried alkali treated fibers 
were immersed in the solution for 1 hour as shown in 
scheme III. After the treatment, fibers were separated from 
the solution and dried in a hot air oven at 60oC until dry 
(Das and Chakraborty, 2008). 

 
Scheme II: Hydrolysis of phenyltriethoxysilane 
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Scheme III: Mechanism of reaction between Acacia nilotica 

fiber and silanes 
2.3.3 Benzoylation 
An amount of pre-treated fiber were soaked in 18% NaOH 
solution for half an hour, filtered and washed with water as 
represented in scheme IV. The treated fibers were 
suspended in 10% NaOH solution and agitated with 
benzoyl chloride. The mixture was kept for 15 min, filtered, 
washed thoroughly with water and dried between filter 
papers. The isolated fibers were then soaked in ethanol for 
1 h to remove the untreated benzoyl chloride and finally 
were washed with water and dried (Manikandanet al., 
1996).  The reaction between the cellulosic hydroxyl group 
of the fiber and benzoyl chloride is given in scheme V. 
 

Fiber—OH  +NaOH  Fiber--- O-NA+   +H2O 
 

Scheme IV: Interaction between Acacia nilotica and alkali 
 

 
Scheme V: Benzoyl treatment of Acacia nilotica fiber 

  
2.4 Testing and analysis 
2.4.1Tensile strength Test 
Tensile strength of the dog bone shape specimens of size 
150mm×27mm×4mm was carried out in accordance to 
ASTM-D 638-91 using standard Ultimate Testing Machine 
(UTM), Shimadzu (Model AG-1) with a cross head speed 
of 20mm/min at National Research Institute of Chemical 
Technology (NARICT), Zaria was used for the test. 
2.4.2 Three points bend test 
Three point bend testing was carried out according ASTM-
D 638-91 Standard. All flexural samples were in the form 
of dog bone shape. The test was carried out using standard 
Ultimate Testing Machine (UTM), Shimadzu (Model AG-
1) at NARICT, Zaria. The support was 51mm while the 
crosshead speed utilized was 20mm/min. Four specimens 
were tested and at least five replicate specimens were 
presented as an average of tested specimens. 
 
2.4.3 Water Absorption Test 
Water absorption test was carried out in accordance with 
the standard procedure of ASTM D–3010. Three cured 
composites from each sample were pre-weighed (W1) and 
dipped in distilled water for 24 hours.  After composites 
were dried by rubbing both side with tissue paper it was 
reweighed immediately (W2) in order of the following 
equation 1 below (Egwaikhideet al., 2007). 

 
%	푤푒푖푔ℎ푡	푔푎푖푛	표푟	푙표푠푠 = 	

푤 −푤
푤 	× 100 … . .1 

Where;  W1 = initial weight of the sample 
  W2 = final weight of the sample 

2.4.4 Thickness Swelling Test 
Four samples of each different type of composite were 
prepared for the testing of thickness swelling. Thickness 
swelling was calculated according to ASTM D 570 by 
using equation 2. The thickness swelling test was used to 
measure the swelling of the sample. Before the sample was 
immersed into the distilled water, the thickness of every 
sample was measured, and each sample was labeled. After 
24 hours, the sample was taken out and dried before it was 
measured. The thickness value of the sample was taken. 
The thickness swelling test was continued for several days 
until constant thickness values of the samples were 
obtained (Abdul Khalil et al., 2011). 

푇ℎ푖푐푘푛푒푠푠	푆푤푒푙푙푖푛푔	(%) =  …………..2 
Where 푇  is the thickness after immersion and 푇  is the 
thickness before immersion 
2.4.5Fourier transform infrared (FTIR) 
The treated and untreated fibers were analyzed using 
Agilant Cary 630 FT-IR spectrometer. Room temperature 
FT-IR spectra were recorded on the fiber samples. The 
samples were cleaned and placed directly on the window 
and the DialPath was station to the required pathlengh. 
 
2.4.6 Scanning electron microscope (SEM) 
The scanning electron micrograph of the fiber samples were 
taken in PhenomProX Desktop scanning electron 
microscope. 
 
3 RESULT AND DISCUSSION 
3.1 Mechanical properties of the composite 
The most crucial factor that affects the mechanical 
properties of fiber-reinforced materials is the fiber matrix 
interfacial adhesion. The quality of interfacial bonding is 
determined by several factors, such as the nature of fiber 
and polymer components, the fiber aspect ratio, the 
processing method and the treatment of the polymer or the 
fiber. In this case, the Acacia nilotica fiber without pre-
treatment, adhesion between the fiber and the matrix (epoxy 
resin) was expected to be rather poor than the Acacia 
nilotica epoxy resin composite with application of chemical 
pre-treatment upon the fiber. Acacia nilotica fiber has polar 
nature whereas epoxy resin is characterized by non-polar 
groups. Due to the changes in physical structure it was 
expected for treated Acacia nilotica fiber to show some 
changes in the overall properties.  
 
3.1.1Tensile strength  
The tensile properties of composites are presented in 
Figure. 3.1. The maximum improvement in tensile strength 
was observed with STA fiber. Silane agent might have 
reduced the number of cellulose hydroxyl groups in the 
fiber-matrix interface (Dhakalet al., 2007). 

 
Figure 3.1: Tensile strength of treated and untreated fiber 

composites 
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From the figure 3.1 it is clear that the type of fiber 
modifications improved the tensile strength of the 
composites and the improvement follows the order UTA < 
NTA < BTA<STA. In the presence of moisture, the 
hydrolysable alkoxy group leads to the formation of 
silanols. The silanol then reacts with the hydroxyl group of 
the fiber, forming stable covalent bonds to the cell wall that 
are chemisorbed onto the fiber surfaceas supported by the 
results of FT-IR and SEM below.  
 
Therefore, the hydrocarbon chains, provided by the 
application of silane, restrain the swelling of the fibers by 
creating an entangled network due to the diffusion of 
hydrocarbon chains into the matrix (Dhakalet al., 2007). It 
was believed that the hydrocarbon chains produced by the 
silane application influenced the wettability of the fibers, 
thus improving the chemical affinity of the polymer matrix. 
This factor was accountable to be responsible for an 
improvement in the mechanical properties of the 
composites under study when the fibers were being silane 
treated. 
 
3.1.2 Three point bend test  
The variation of flexural strength with respect to different 
treatment of the fiber is shown in Figure 3.2. The interfacial 
strength depends on the surface topology of the fibers, 
because each fiber forms an individual interface with the 
matrix.  

 
Figure 3.2: Bending stress of treated and untreated fiber 

composites 
 
It was observed that saline treated fiber composite had a 
higher flexural strength than all the other treated 
composites due to high fiber-matrix compatibility, good 
fiber-matrix interaction and wetting. It is reasonable that 
enhanced fiber-matrix interaction due to high fiber-matrix 
compatibility will lead to an increased transfer of stress 
from matrix to fibers and thus flexural strength increases 
(Babuet al., 2006). The value of the flexural strength for the 
treated fiber composites was found to be higher and 
optimum than the untreated composites. The alkali 
treatment have been proven effective in cleaning fiber’s 
surface by removing impurities from fibers, decreasing 
moisture sorption, enabling mechanical bonding and 
thereby improves matrix reinforcement interaction 
(Edeerozeyet al., 2007). Thus, the alkali treatment enables 
and improves the fiber fitness, adhesive characteristics of 
the surface of the Acacia nilotica fibers, fiber-matrix 
interaction and wetting, hence surface offers a good fiber-
matrix interface adhesion and an increase in the mechanical 
properties (Noorunisaet al., 2007). Benzoyl treated fiber 
composite show slight improvement in the flexural stress 
but insignificant as compare to alkali and saline treated 

samples, these could be due to plasticization that occurred 
in the case of benzoyl treated fiber composite as stated 
earlier. 
3.2 Water absorption 
Water absorption capacities of the untreated, alkali, benzoyl 
and saline treated Acacia nilotica fiber composites are 
shown in the figure 3.3 below.  

 
Figure 3.3: Water absorption for treated and untreated fiber 

composites 
 
There is a decrease in water uptake capability of the alkali 
treated fiber reinforced composite. This may be due to the 
effect of alkaline solubilisation of hemicelluloses which are 
usually ascribed to the destruction and breaking of 
hydrogen bonds. In particular, all the ester-linked 
substances of the hemicelluloses can be cleaved by alkali 
except for the cleavage of α-ether bonds between lignin and 
hemicelluloses. This tends to increase hydrophobicity and 
hence solubility of the polymer (Urakiet al., 1997). 
 
3.3 Thickness swelling 
Natural fiber- based polymer composites exhibited poor 
water resistance due to the presence of polar groups, which 
attract water molecules through hydrogen bonding (Abdul 
Khalil et al., 2011). These subsequently resulted in the 
moisture build up in the cell wall (fiber swelling) and at the 
fiber/matrix interface.  

 
Figure 3.4 Thickness swelling for treated and untreated fiber 

composites 
 
This in effect is responsible for dimensional change in the 
natural fiber reinforced polymer composites, especially 
thickness and linear expansion due to reversible and 
irreversible swelling of the composites (Nourbakhsh and 
Ashori, 2010) 
 
3.5 FT-IR Analysis 
The FTIR spectra of the untreated and chemically modified 
fibers are shown in Fig.3.6, 3.7, 3.8 and 3.9. The FTIR 
spectra are for untreated, alkali, benzoyl and silane treated 
Acacia nilotica fibers respectively. The spectra show many 
transmittance bands. The CH stretch at 2919 cm

-1 
is present 
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in all the fibers. The C=O (carbonyl) peak at 1732 cm
-1 

slightly disappeared with alkali treatment as compared with 
the untreated fiber because of the removal of the reducible 
hemicelluloses from the fiber surfaces (Abdul Khalil et al., 
2007). Also, the peak at 1240 cm 

-1 
reduced with the alkali 

treatment. This peak is a C-O stretching of the acetyl 
groups of lignin. Lignin is partially removed from the 
Acacia nilotica fiber surface after alkali treatment . Fig. 3.9 
shows the FTIR spectra of the silane-treated Acacia nilotica 
fibers. After silane treatment, peaks should be present at 
766 and 847 cm

-1 
. However, the FTIR spectra do not 

clearly show the effect of silane on the transmittance bands. 
This may be due to the reaction between the silane and 
chemical components are weak, such that the silane 
concentration on the Acacia nilotica fiber surfaces is too 
small to be detected by FTIR (Sgricciaet al., 2008). The 
benzoylation of Acacia nilotica fiber showed in Fig. 3.8 
introduces the new absorption peaks at about 1763.2 cm-1 
owing to the presence of phenyl nucleus (Samalet al., 
2001). This band in benzoylated fiber is more intense, 
indicating a combined effect of -O-CO-Ph and –O-CO-CH3 
groups arising from benzoylation. 

 
Fig.: 3.6 FT-IR of Untreated fiber 

 
Fig. : 3.7FT-IR of Alkali treated 

 
Fig. : 3.8FT-IR of Benzoyl treated fiber 

 
Fig.: 3.9FT-IR of Saline treated 

 
3.4 Scanning Electron Microscopic Analysis 
Alkali treatment increases surface roughness resulting in 
better mechanical interlocking and the amount of cellulose 

exposed on the fiber surface. This increases the number of 
possible reaction sites and allows better fiber wetting. It 
was also observed that the waxy layer and impurities are 
completely removed from the fiber surface as shown in 
Figure 3.10(b). 

 

 
Figure 3.10: SEM image of the surface of (a) Untreated, (b) 
Alkali treated, (c) Benzoyl treated and  (d) Silane treated 

Acacia nilotica fibers 
 

The treated surface of fiber becomes smoother as compared 
to that of untreated fiber 3.10(a) and also the alkaline 
treatment used on the natural fibers produce fibrillation and 
collapse of the cellular structure due to the removal of the 
cementing material, which leads to a better packing of 
cellulose chains. Alkali treatment also leads to fiber bundle 
fibrillation that is, breakdown of the composite fiber bundle 
into smaller fibers, which increases the effective surface 
area available for contact with the wet matrix  (Bledzki and 
Gassan, 1999). This can be clearly demonstrated by the 
SEM analysis which examined the surface topology of 
untreated and treated fibers. It is important to mention that 
the changes of surface topography affect the interfacial 
adhesion. A porous structure was observed for untreated 
fibers (Figure 3.10a.).  
There was strong evidence that physical microstructure 
changes occurred at the fiber surface. It can be clearly 
observed that silane treatment gave surface coating to the 
fibers, and surface features of fibers were not clearly visible 
(Figure 3.10d). Since the flax fibers exhibited micropores 
on its surface, the coupling agent penetrated into the pores 
and formed a mechanically interlocked coating on its 
surface. Benzoylation treatment (Figure 3.10c) led to major 
changes on the fiber surface. Smooth fiber surface is seen 
due to the mass like substances deposited on the surface of 
the fiber.  
Some studies on the alkali treatment on the removal of 
lignin and hemicellulose, which affects the tensile 
characteristics of the fibers. When the hemicellulose was 
removed, the interfibrillar region was likely to be less dense 
and less rigid and thereby making the fibrils more capable 
of rearranging themselves along the direction of tensile 
deformation. When natural fibers are stretched, such 
rearrangements amongst the fibrils would result in the 
better load sharing by them and hence result in higher stress 
development in the fiber. In contrast, softening of the inter-
fibrillar matrix adversely affects the stress transfer between 
the fibril and thus, the overall stress development in the 
fiber under tensile deformation. As lignin is removed, the 
middle lamella joining the ultimate cell is expected to be 
more plastic as well as homogeneous due to the gradual 
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elimination of microvoids, while the ultimate cells 
themselves are affected slightly (Luz et al., 2008). The 
increase in the percentage crystallinity index of alkali 
treated fibers occurs because of the removal on the 
cementing materials, which leads to better packing of 
cellulose chain (Luz et al., 2008). In addition, treatment 
with NaOH was reported to cause decrease in the spiral 
angle, i.e. closer to fiber axis, and increase in the molecular 
orientation. A fair amount of randomness was introduced in 
the orientation of the crystallites due to non cellulosic 
matter. Additionally to increase in the mechanical 
properties through alkalization (Le Digabel and Ave´rous, 
2006), an increase in the composite quality is expected due 
to the improved fiber-matrix bonding. 
 
CONCLUSION 
 
The physico- mechanical properties of Acacia nilotica – 
epoxy resin composites was investigated in this study. The 
potential of using natural fibers as reinforcing agent is 
based on the interfacial property between the fiber and the 
polymer matrix. Also the poor resistance of the fibers to the 
water absorption can be undesirable effect on the structure, 
dimensional and mechanical properties of the natural fiber 
reinforcement  composites. The result presented in this 
work indicated that , the chemical treatment of the acacia 
nilotica fiber increases its resistance to water absorption 
and also increases the interfacial property between the fiber 
and the matrix. The chemical modification of the fiber with 
alkali, phenyltriethoxysilane, benzoyl chloride significantly 
improves the mechanical properties and increases the 
resistance of the composites to water absorption.   
 
REFERENCES 
 

[1] Mueller D.H and Krobjilowski A, (2003) New Discovery in 
the Properties of Composites  Reinforced with Natural 
Fibers, J. Indust. Textiles, 33(2), 111-129. 

[2] Suradi, S.S., Yunus, R. M., Beg, M. D. H., and Yusof, Z. A. 
M.  (2009) Influence pre- treatment on the properties of 
lignocellulose based biocomposite” National 
 Conference on Postgraduate Research (NCON-PGR). 

[3] Thimothy T., Caroline B. (2007). “ Influenceof fiber 
extraction method, alkali and silanetreatment on the 
interface of agave Americana waste HDPE composites as a 
possible  roof ceailing in Lesotho. Composites interfaces, 14 
(7-9), 821-836. 

[4] Maheswari, C.U., Reddy, K.O., Muzenda, E. and Shukla, 
M. (2012) Effect of Surface Treatment on Performance of 
Tamarind Fiber–Epoxy Composites” International 
 Conference on Innovations in Chemical Engineering 
and Medical Sciences (ICICEMS'2012) December 26-27, 
Dubai (UAE). 

[5] Luz, S.M., Del Tio, J., Rocha, G. J. M., Goncalves, A. R. 
and Del’Arco Jr., A. P. (2008). Cellulose and cellulignin 
from sugarcane bagasse reinforced polypropylene 
 composites: Effect of acetylation on mechanical and 
thermal properties. Composites:Part A, 39: 1362–1369. 

[6] Das M and D. Chakraborty, D. (2008) Evaluation of 
improvement of physical and mechanical properties of 
bamboo fibers due to alkali treatment, J. Appl. Polym. Sci. 
107, 522-527 

[7] Manikandan Nair, K.C., Diwan, S.M. and Thomas, S., 
(1996). “Tensile properties of short sisal fiber reinforced 
polystyrene composites, J. ApplPolym. Sci. 60, 1483–1497. 

 
[8] Abdul Khalil, H.P.S., Juwaid, M. and Abu Bakar, A., (2011) 

Woven hybrid composites” BioResources 6(2), 1043-1052 
[9] Dhakal, H., Zhang, Z.  and Richardson, M. (2007) Effect of 

water absorption the mechanical properties of hemp fiber 
reinforced unsaturated polyester composites, Compos Sci 
Technol., 67, 1674-1683. 

[10] BabuRao, G., VaradaRajulu, A. and Luyt, A.S., (2006). 
Effect of Alkali treatment on the Flexural properties of 
Hildegardia fabric composites, J. Appl. Poly. Sci., 102, 
1297- 1302  

[11] Edeerozey, A.M., Akil, H.M., Azhar, A.B. and Ariffin, 
M.Z., (2007) Chemical modification of  kenaf fibers, 
Material Letters, 61, 2023-2025. 

[12] NoorunisaKhanam, P., Mohan Reddy M., Raghu, K. and 
Venkat Naidu, S., (2007)Tensile, Flexural and Compressive 
properties of Sisal/Silk hybrid composites, J. Reinforced 
Plastics and Composites, 26(9), 1065-1069. 

[13] Uraki Y, Hashida K and Sano Y. (1997) Holzforschung 51 
91. 

[14] Sgriccia, N., Hawley, M.C.  andMisra, M. Compos. Part A: 
Appl.Sci.Manuf. 39 1632. [23], 2008 

[15] Samal, R. K., Acharya, S. ,Mohantyand, M. ,Ray, M.C.  
“FTIR spectra and physico-chemical behavior of vinyl ester 
participated transesterification and curing of jute”, J 
ApplPolym Sci., 79, pp. 575, 2001 

[16] Nourbakhsh, A. and Ashori, A. (2010). “Perticleboard made 
from waste paper treated with maleic anhydride,” Waste 
Manag. Resear. 28(1), 51-55. 

[17] Bledzki AK, Gassan J. (1999).Composites reinforced with 
cellulose based fibers. ProgPolym Sci. 24, 221–74  

[18] Le Digabel, F. and Ave´rous, L. (2006). Effects of lignin 
content on the properties of lignocellulose-based 
Biocomposites. Carbohydrate Polymers, 66: 537–545. 

 
 
 
 
 
 

 


