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ABSTRACT 
The surface of sisal fiber has been modified by silane treatment to improve adhesion characteristics and moisture resistance. 

Studies on the use of natural fiber as replacement to man-made fiber in fiber-reinforcement composites have increased and open 

for further industrial possibilities. Natural fibers have the advantages of low density, low cost, and biodegradability. However, the 

main disadvantages of natural fibers in composites are the poor compatibility between fiber and matrix and the relatively high 

moisture absorption. Therefore the chemical treatment is considered in modifying the fiber surface properties. silane treatment  is 

most effective in reducing moisture uptake of fibers in environment. In this paper review the progress in silane coupling agents 

for effective structure and clarifies the interaction mechanisms between natural fibers. The compressive strength of these 

composite materials is improved by pretreatment but the flexural strength and stiffness are not affected. However, in most 

mechanical properties are improved by silane treatment. 
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Nomenclature: 
A       Cross section of fiber (SEM image) 
L       Length of composite plate 
N       Unit of Mechanical load (Newton) 
P        Applying Mechanical load 
T        Thickness of composite plate 
W       Width of the composite plate 
Wt%   Weight in percentage 
α          Amount of Cellulose in fiber 
σ f        Flexural stress 
E f        Flexural Modules 
ASTM  American Society of Testing Machine  
 

INTRODUCTION 
Polymer composites are currently used for a wide range of applications. However, they do not easily 

undergo to biodegradation, resulting in generation of solid waste, which cause environmental pollution. To meet 
this challenge, researchers are focusing their attention on producing bio-degradable composites with natural 
fibers which are termed as green composites. By using sisal, banana, bamboo, Alfa, coir, etc. several green 
composites have been already developed and their properties have been studied [1-4].Natural fiber composites 
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are not only biodegradable and renewable but also perversely said that possess several other advantages such as  
lightweight, low cost, high specific strength, high modulus, reduced tool wear and safe manufacturing process 
[1,2]. Several applications of natural fiber composites can be found in construction, packaging, furniture and 
auto-motive fields. Most of the interiors of the automobiles, like door panels, trunk liners, seal backs, packages, 
engine and transmission covers are made by using natural fiber composites. Although several merits, they also 
possess few drawbacks such as poor wettability, incompatibility with some polymeric matrices and high 
moisture absorption by the fibers [5].  

To overcome this problem, specific physical and chemical treatments were suggested for surface 
modification of fibers by investigators. Silane treatment is one of the simplest and most effective surface 
modification techniques which is widely used in natural fiber composites [2,3]. A better understanding of the 
chemical  composition and   surface   adhesive   bonding   of   natural  fiber   is necessary  for developing  
natural fiber-reinforced composites. The components of natural fibers include cellulose, hemicellulose,  
lignin,   pectin,   waxes   and water  soluble  substances. The composition may differ with the growing 
condition and test methods  even for the same kind of fiber. And  the  large  amount of  hydroxyl group 
in cellulose gives natural fiber hydrophilic properties when used to reinforce  hydrophobic matrices, the   
result   is  a  very  poor   interface  and   poor resistance to moisture  absorption [5]. Hemicellulose is 
strongly   bound   to   cellulose   fibrils   presumably   by hydrogen   bonds.  Hemicellulose  polymers  are 
branched,  fully  amorphous  and  have  a   lower  molecular  weight  than  cellulose. Because  of its open  
structure  containing many  hydroxyl  and  acetyl groups,  hemicellulose  is partly  soluble  in  water  
and hygroscopic  [6]. Lignin’s  are  amorphous, highly complex,   mainly   aromatic,  polymers   of  
phenyl propane units  [7]  but  have  the  least  water  absorption   of  the natural fiber components 
[6].Because  the low interfacial properties between  fiber and polymer matrix often reduce their potential 
as reinforcing   agents  due  to  the  hydrophilic   nature   of natural fibers, chemical modifications  are 
considered to optimize  the  interface of fibers.  Chemicals  may  activate  hydroxyl  groups  or  introduce 
new  moieties  that can effectively interlock with the matrix. The development  of a definitive theory for the 
mechanism of bonding   by  chemicals   in  composites   is  a  complex problem.  Generally, chemical 
coupling agents are molecules  possessing  two functions.   

The  first function is to  react  with  hydroxyl  groups  of cellulose  and  the second is to react  with 
functional  groups of the matrix. [8] outlined  several mechanisms of coupling  in materials,  namely: (a) 
elimination of weak boundary layers; (b) production of a tough and flexible layer;  (c)  development of  
a  highly  cross linked  interphase  region  with  a  modulus   intermediate  between that  of substrate and 
of the polymer;  (d) improvement of  the  wetting   between   polymer   and  substrate; (e) formation of 
covalent  bonds  with both  materials;  and (f) alteration of acidity of substrate surface. Chemical  
modifications   of  natural fibers  aimed  at improving the adhesion with a polymer matrix were 
investigated  by  a  number of  researchers  [9-12].The following table will show various content present in 
the natural fiber. This all are the chemical content present in the natural fiber. The  amount of partials are 
mentioned in the percentage of weight. it has contain the various and different natural fiber.it was collected 
from the various previous journals in case study based on the reference. The reference are mentioned in the 
reference content in this paper.[13-15].  
Table 1: chemical composition of Some natural fibers.(13-15) 

Fiber Cellulose (wt%) 
Hemi 
cellulose (wt%) 

Lignin (wt%) Waxes (wt%) 

Abaca 56-63 20-25 7-9 3 
Alfa 45.4 38.5 14.9 2 
Bagasse 55.2 16.8 25.3 - 
Bamboo 26-43 30 21-31 - 
Banana 63-64 19 5 - 
Coir 32-46 0.15-0.25 40-45 - 
Cotton 85-90 5.7 - 0.6 
Caraua 73.6 9.9 7.5 - 
Flax 71 18.6-20.6 2.2 1.5 
Hemp 68 15 10 0.8 
Henequen 60 28 8 0.5 
Isora 74 - 23 1.09 
Jute 61-71 14-20 12-13 0.5 
Kenaf 72 20.3 9 - 
Kudzu 33 11.6 14 - 
Nettle 86 10 - 4 
Piassava 28.6 25.8 45 - 
Ramie 68.6-76.2 13-16 0.6-0.7 0.3 
Sisal 65 12 9.9 2 
Sponge gourd 63 19.4 11.2 3 
Straw (wheat) 38-45 15-31 12-20 - 
Sun hemp 41-48 8.3-13 22.7 - 
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Table No. 1 Chemical compositions of fibers 

 
Chemical Composition Of Natural Fiber: 

Reinforcing efficiency of natural fiber is depends upon the nature of cellulose and its crystal structure. 
Components which are present in natural fibers are cellulose (α-cellulose) hemicellulose, lignin, pectin and 
waxes. Hemicellulose is different from a cellulose. The sisal fiber have 65% of cellouse,12% of hemicellulose, 
9.9% of lignin,2% of  waxes. Table no.1 will show various natural fiber and chemical composition. 

 

 
 
 Fig. 1.1: Cut section view of layer’s in fiber (F.silva and Dr. R. D. T. Filho ) 

 
2.Experiment: 
2.1Material preparation: 

Sisal fibers were obtained from natural resource in, India. Before applying chemical treatment, sisal fiber 
were previously cut in definite size, washed with distill water and dried at 60℃ followed by soxhlet extraction 
of sisal fibers with acetone for 72 hours and purified fibers were dried at room temperature. 

 

       
 
Fig. 2.1.1: sisal source                      Fig. 2.1.2: Extracted Fiber 

 
2.2 Matrix: 

Matrix is a binder material that holds the fibers in position and transfer the external load to the 
reinforcement. In natural fiber reinforced polymer composites, both thermoset and thermoplastic matrix are 
widely being used. The unsaturated polyesters, epoxy and phenolic resin are extensively utilized for the 
thermosets and polypropylenes, polyethylenes and elastomers are widely used for thermoplastic matrix (Joseph, 
2001; Pickering, Li, Farrell, & Lay,2007).  

 
2.3 Scanning Electron Microscopy (SEM): 

Scanning electron microscopic studies of sisal fibers and all its chemically treated fibers were carried out 
on Electron Microscopy Machine , Since cellulose has a non conducting behavior so it was reflected the 
electron beam ,it will capture the image with help of computer system  unit , with help of that we can identified 
the structure. 
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Fig. 2.3.1: SEM machine setup 

  
2.4 Silane Treatment: 

Silane is a chemical  compound with chemical  formula SiH4.  Silanes  are  used  as coupling  agents  
to  let  glass fibers  follow   to   a  polymer   matrix,    standard   the composite material. Silane coupling 
agents may reduce the  number  of   hydroxyl  groups  in the  fiber– matrix  interface. In  the  presence  of 
moisture,  hydro- lyzable 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   surface   [16]. Therefore, the hydrocarbon chains provided  by the application of silane 
restrain  the swelling of the fiber by creating  a cross linked  network  due to covalent bonding between  the 
matrix and the fiber. The reaction  schemes are given as follows [17] 

 
CH2CHSi(OC2H5)3→

 CH2Si(OH)3+C2H5OH          (1) 
CH2CHSi(OH)3+Fiber-OH→    H2CHSi(OH)2O–Fiber+H2O          (2)  

 
Many  researchers applied  silane  treatment in  sur- face  modification   of  glass  fiber  composites   

[20-22]. Silane coupling  agents  were also found  to be effective in  modifying  natural  fiber–polymer 
matrix   interface and  increasing  the  interfacial strength.  [23] soaked  sisal fiber in a solution  of 2% 
aminosilane in 95% alcohol  for 5 min at a pH value of 4.5–5.5 followed  by 30 min air drying  for 
hydrolyzing the  coupling  agent.  Silane  solutions  in  a  water  and ethanol  mixture  with concentration 
of 0.033% and 1% were  also  carried  by Valadez  et al. [18] to treat  heneque´ n fibers and oil palm 
fibers. It was verified that  the  interaction between  the  silane coupling agent modified fiber and the 
matrix was much stronger  than  that  of alkaline  treatment, which led to composites   with  higher  tensile  
strength   from  silane- treated than  alkaline-treated fiber  [24]. Thermal sta- bility of the composites 
was also improved after silane treatment [18]. 

 

 
 

Fig. 2.4.1: Silane chemical components 
 
2.5 Composite preparation: 

The mould box was made with the dimension of 200 mm (L) ×150 mm (W) ×3.0mm (T) mm, the matrix 
was prepared by mixing the hardener to polyester resin. The polyester and fiber ratio was maintained at 10:1. To 
get the well-cured and a standard-quality specimen, the polyester and hardener must be mixed smoothly and 
slowly. 

Initial layer of the mould was filled with polyester resin mixture and then the appropriate quantity of fibers 
was placed such that polyester mixture completely spread over the fibers. Before  applying compression, efforts 
were made to remove all bubbles with roller. Finally, the compression pressure was applied evenly to achieve 
the uniform thickness of 3 mm and cured for 24 h at room temperature. The obtained composite plate’s are of 
the size (200 ×150×3) mm3. 
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Fig. 2.5.1: Sample piece of Test specimen  

 
2.6 Testing of the composites: 
2.6.1Tensile test: 

The composite specimens were tested as per ASTM standards. Tensile testing was done as per (ASTM D 
3039-76) with the help of (INSTRON-3369) model Universal Testing Machine at a cross head speed of 10 
mm/min. The temperature was conditioned at 220C with the humidity of 50%. The specimen dimensions were 
(150×15×3) mm3.  

 
2.6.2 Flexural test: 

Flexural testing was done as per (ASTM D 5943-96) standards using three point bending method at a 
crosshead. The load was placed midway between the supports. speed of 5 mm/min and at a temperature of 220C 
with the humidity 50%. The specimen dimensions were (100 ×15 ×3) mm3. (INSTRON-3369) model Universal 
Testing Machine is specially designed for the automated material testing of polymer composites by INSTRON 
Corporation.  

 
Flexural strength σ f = 3PL / 2bd 2              (3) 
Flexural modulus: E f = L3m / 4bd 3           (4) 

 
L (mm) is the length of span; b is the width of the specimen; d is the thickness; P (N) is the maximum load 

and m is the slope of the initial straight line portion of the load–displacement curve.  
 
2.6.3 Impact Test: 

The impact testing was done as per (ASTM D 256-88) by Izod impact machine with unnotched specimen. 
The specimen dimensions were (122 ×13 × 3) mm3. In each case, five samples were tested and the average 
values were reported. 

 
RESULTS AND DISCUSSION 

  
3.1. SEM Analysis: 

Scanning electron microscopic (SEM) provide an excellent technique for the study of surface morphology 
of raw and chemically modified sisal fibers. It has been observed that surface of raw sisal fibers differs in 
smoothness and roughness than chemically treated sisal fibers. These micrographs clearly showed the difference 
in their surface morphology. The raw fiber, surface is very smooth in comparison to treated fibers.  

 

          
a. Cross section          b. Longitudinal 
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c. Micro level section         d. Cross longitudinal 

 
Fig. 3.1.1: SEM image result 

 
 The above scanning electron microscope image. Is explain the contact between fiber and matrix. The 

image (a.) shows the fiber and matrix have a good contact between each other, (b.) The SEM photomicrograph 
of the longitudinal surface of untreated fiber bundles have wax, oil, and surface impurities. Waxes and oils 
provide a protective layer to the surface of the fibers. But after treatment It is shows the longitudinal of the 
fiber. It has good surface finishing after the treatment.(c.) the micro level test (20µm) range show the curing 
better in both fiber and matrix ,d.) this shows  the Cross and longitudinal section of fiber. Finally the SEM 
image is proving the composite is well curing. 

 
3.2 Result from the laboratory:  
 
Table 2:Testing results from the laboratory 

S. 
No. 

Percentage of fiber Tensile test (N) Flexural test (MPa) Impact test (J) 

1 
5 % Before treatment 17.403 43.230 0.25 
5 % After treatment 675.74      175.33 0.25 

2 
10 % Before treatment 18.904 0 0.25 
10 % After treatment 421.81 263.066 0.25 

3 
15 % Before treatment 9.918 36.751 0.20 
15 % After treatment 348.26 203.276 0.25 

4 
20 % Before treatment 51.836 0 0.20 
20 % After treatment 354.06 323.470 0.45 

5 
25 % Before treatment 96.373 133.306 0.25 
25 %After treatment 993.32 237.232 0.90 

 
The above table show the performance of  treated and untreated fibers in detail. It has the mechanical 

property a like Tensile, Flexural and Impact load all are get increase. the values are defer between untreated and 
treated fiber. Due to the silane (SiH4) treatment the hydrological group are remove and agent between fiber and 
matrix are increase. due to that the load carrying property are increase. the Above result also mentioned in the 
graphs  as following,(1&2).  

 

 
Graph 1: Performance of material before treatment 
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Graph 2: Performance of material after treatment      
 
So finally conclude silane treatment is increased the mechanical property of the fiber as well as composite. 

 
Conclusion: 

Sisal fiber has been treated with silane in order to analyses its modified properties. This study showed an 
increase in strength in case of treated fiber composite when izod strength is studied. This may be due to the 
increased fiber matrix adhesion which is detail report by SEM analysis. This confirms the surface modified 
characteristics of the chemical treated fiber which is due to the decrease in the amount of lignin, hemicellulose 
and impurity from the surface of the fiber. This treatment leads to the fibrillation which causes the breaking 
down of the composite fiber bundles into smaller fibers. So a better adhesion between the fiber and matrix 
occurred. Silane treatment can be done for improving the mechanical properties of the sisal fiber composite. 
SEM photomicrographs demonstrated the interfacial interaction between sisal fibers and unmodified polyester 
resin, natural fibers are important renewable resources in many countries and natural-fiber-based polymer 
composites form a new class of materials, which have good potential as future substitutes for scarce wood, 
therefore providing a solution to environmental issues such as reduction of both synthetic and agricultural 
wastes. 
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