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Abstract In this study, effect of fibre surface treatment

on tensile, flexural and chemical resistance properties were

studied for sisal fibre reinforced composites. Natural ligno

cellulosic sisal fibre reinforced composites were prepared

by different surface treatments by hand lay-up method.

Fibre surface treatments were carried out to produce good

interface between the fibre and the matrix to improve the

mechanical properties. Fibre surface treatments were done

by boiled the sisal fibres in different % of NaOH and

treated the fibres in different % of NaOH, treated in acetic

acid and methanol. Unsaturated polyester resin was used as

the matrix for preparing the composites. For comparison,

these properties for untreated sisal fibre reinforced com-

posites were also studied. From the results it was observed

that 18% aqueous NaOH boiled sisal fibre reinforced

composites have higher tensile, flexural properties than

other composites. Untreated sisal fibre composites show

lower properties than treated composites. Chemical resis-

tance properties indicate that all sisal fibre reinforced

composites are resistance to all chemicals except carbon

tetra chloride. The tests are carried out as per the ASTM

standards.
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Introduction

In the last two decades, the developments in the field of

natural fibre-polymeric composites have grown from lab-

oratory scale of fundamental research to industrial imple-

mentation. The renewed interest of natural fibres over their

synthetic fibre counter part is that they are abundant in

nature and are also renewable raw materials. Owing to their

low specific gravity as compared to synthetic fibres are able

to provide a high strength-to-weight ratio in plastic mate-

rials. The usage of natural fibres also provide as healthier

working condition than the synthetic fibres. Besides, the

less abrasive nature of the natural fibers when compared to

that of synthetic fibres offer a friendlier processing envi-

ronment as the wear of tools could be reduced. Further-

more, natural fibres offer good thermal and insulating

properties, are easily recyclable and also biodegradable.

These advantages have gained interest in the automotive

industry where materials of light weight, high strength-to-

weight ratio, and minimum environmental impact are

required. Natural fibres like jute, sisal, coir, banana etc

have gained substantial importance as reinforcements in

polymer matrix composites. A lot of work has been done

by many researchers on the composites based on these

fibers [1–6].

However, natural fibres composites are not exposed to

strong mechanical impacts and non structural components

compare to synthetic fibre composites, which are widely

used in high-performance engineering applications such

as in the aerospace industry. This is because natural fibre
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composites have low strength properties such as impact

strength, poor moisture resistance, poor microbial and fire

resistance and low durability properties. Natural fibres are

highly polar due to the presence of hydroxyl groups,

which are readily available for the formation of hydrogen

bonds with interacting resin matrices. However, plant

fibres are covered with lignin and waxy substances, thus

hindering the hydroxyl groups from reacting with polar

matrices, and forming mechanical interlocking adhesion

with non polar matrices. To produce the reactive hydro-

xyl groups and the rough surface for adhesion with

polymeric materials, plant fibres need to undergo physical

and/or chemical treatment to modify the surface and

structure.

In the present work the author selected reinforcement

was sisal fibre, a natural fibre. Sisal fibre cell walls were

reinforced with spirally oriented cellulose in a hemi

cellulose and lignin matrix. So, the cell wall in a com-

posite structure of lignocellulosic material reinforced by

helical microfibrillar bonds of cellulose. The composition

of the external surface of the cell wall is a layer of

lignaceous material and waxy substances which bond the

cell to its adjacent neighbors. Hence, the surface will not

form a strong bond with a polymer matrix. Also cellulose

is a hydrophilic in nature and this large amount of

hydroxyl groups will give sisal fibre hydrophilic proper-

ties. This will lead to a very poor interface between sisal

and the hydrophobic matrix and very poor moisture

absorption resistance. To make good use of sisal fibre

reinforcement in composites, fibre surface treatment must

be carried out to obtain an enhanced interface between

the hydrophilic sisal fibre and hydrophobic polymer

matrices. Modifications of interfaces between sisal and

matrix can be done by different treatment of fibres

[7–11]. So in the present work the author studied the

effect of treatment of sisal fibre with different concen-

tration of NaOH with boiling and without boiling, acetic

acid treatment and methanol treatment on sisal fiber

composites. Unsaturated polyester resin was used as

matrix. Optimized sisal fibre length of 2 cm was used for

reinforcement in the composite. Hand lay-up technique

was used to prepare these composites.

The author studied effect of surface modification of sisal

fibres on the mechanical properties like tensile and flexural

properties of sisal fibre reinforced composites. The tests are

carried out as per the ASTM standards. The author also

studied the chemical resistance tests of these untreated and

different treated sisal fibre reinforced composites. Chemi-

cal resistance tests are used to find the ability of a com-

posite to withstand exposure to acids, alkalis, solvents and

other chemicals and used to find out whether these com-

posites can be used for making articles that are resistant to

chemicals. [12–14].

Materials and Methods

Materials

Sisal fibres obtained from local sources are used for the

present study. Unsaturated polyester resin supplied by

Allied marketing Ltd, Hyderabad was used as a matrix,

methyl ethyl ketone peroxide as a catalyst and cobalt

naphtanate as an accelerator supplied by M/S/ Bakelite

Hylam, Hyderabad. The styrene monomer was used as

cross linking agent and PVA was used as mould releasing

agent. NaOH was used for surface treatment of sisal fibres.

The styrene, PVA, NaOH were taken from SD fine

chemicals Ltd. India.

Methods

Surface Modification of Sisal Fibres by Boiled

and Treated with 5, 10 and 18% Aqueous NaOH

To make good use of sisal fibre reinforcement in com-

posites, fibre surface treatment must be carried out to

obtain an enhanced interface between the hydrophilic sisal

fibre and the hydrophobic polymer matrices. Natural fibres

are chemically treated to remove lignin, waxy substances,

and natural oils covering the external surface of the fibre

cell wall. Sodium Hydroxide (NaOH) is the most com-

monly used chemical for bleaching and/or cleaning the

surface of plant fibres. During alkalization, hemicellulose

and lignin are removed and fibre surface has a coarser

appearance than the untreated one. Thermal treatment is

also one of the methods to improve the tensile properties

of the sisal fibre because of the increased crystallinity of

sisal fibres [15]. In this work, sisal fibres were boiled in

the different concentrations (5, 10 and 18%) of aqueous

NaOH solution for 30 min to remove the soluble greasy

material in order to enhance the adhesion characteristics

between the fibre and the matrix. For NaOH treatment,

the sisal fibers were dipped into different concentrations

(5, 10, and 18%) of the aqueous NaOH solution and 20%

acetic acid and methanol for 1 h. The boiled and treated

fibers were washed with water to remove the excess of

NaOH sticking to the fibres. Final washing was carried out

with distilled water and the fibres were dried in hot air

oven. The fibres were cut into 2 cm length for molding the

composites.

Preparation of Composites

Unsaturated polyester and styrene were mixed in the ratio

of 100:25 parts by weight respectively. Later, 1 wt%

methyl ethyl ketone peroxide and 1 wt% cobalt napthenate
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were added and mixed thoroughly. Chopped 2 cm length of

sisal fibres with different treatments were used to prepare

the composites. The fiber is added to matrix mixture, which

was poured in the glass mould and air bubbles were

removed carefully with a roller. The castings were allowed

to cure for 24 h at room temperature, post cured at 80 �C

for 1 h and test specimens of the required size were cut out

from the sheet. Hand lay-up method was used for making

the composites.

Testing

Tensile and Flexural Properties

The tensile and flexural strength, tensile and flexural

modulus of the plain matrix as well as sisal fibre reinforced

composites were measured by using an INSTRON 3369

Universal testing machine. The tensile test was conducted

as per the ASTM D638 specification and flexural test was

as per the ASTM D 618 specification.

Chemical Resistance Properties

In this work ASTM G 543–87 [16] was used to study the

chemical resistance tests of the composites. The effect of

some acids, alkalies and solvents i.e. glacial acetic acid,

nitric acid, hydro choric acid, ammonium hydroxide,

aqueous sodium carbonate, aqueous sodium hydroxide,

carbon tetra chloride, benzene and toluene were used on

the matrix and hybrid composites were studied. In each

case, the samples (5 9 5 9 3 mm) were pre-weighed in a

precision electrical balance and dipped in the respective

chemical reagents for 24 h. They were then removed and

immediately washed in distilled water and dried by press-

ing them on both sides with a filter paper at room tem-

perature. The treated samples were then re-weighted and

the percentage loss/gain was determined.

Results and Discussions

Tensile and Flexural Properties

The effect of surface treatment on tensile, flexural and

chemical resistance properties were studied for sisal fibre

composites and compared with untreated fibre composites.

The tensile and flexural strength, tensile and flexural

modulus of randomly oriented sisal fibre composites with

different treatments were presented in Table 1. The effect

of different treatments (5, 10 and 18% aqueous NaOH

boiled and treated, acetic acid treated, and methanol trea-

ted) of sisal fibre on the tensile and flexural strength of sisal

fibre composites were presented in Figs. 1 and 2. From

these table and figures, it was observed that tensile, flexural

properties were more when the fibre was boiled with 18%

aqueous NaOH and matrix showed lower properties than

other composites. Untreated composites show lower prop-

erties than other treated composites. From the figures it was

observed that tensile and flexural strength increases with

increasing the NaOH concentration. This is due to the fact

that alkali treatment can remove natural and artificial

impurities and produce a rough surface topography. This

Table 1 Tensile and flexural

strength and modulus of sisal

fibre reinforced composites

Samples Tensile strength

(MPa)

Tensile modulus

(GPa)

Flexural strength

(MPa)

Flexural modulus

(GPa)

Matrix 22.42 0.98 58.11 1.02

Untreated 24.16 1.37 63.87 3.79

5% NaOH treated 31.84 1.46 77.33 3.92

5% NaOH boiled 36.75 1.50 85.18 4.09

10% NaOH treated 44.12 1.62 91.39 4.31

10% NaOH boiled 56.16 1.70 108.061 4.76

18% NaOH treated 65.93 1.81 115.642 4.80

18% NaOH boiled 78.22 1.96 138.782 5.32

20% Acetic acid treated 28.98 1.37 66.135 3.82

Methanol treated 31.89 1.42 68.415 4.07

Fig. 1 Effect of different surface treatment on the tensile strength of

sisal fibre reinforced composites
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topography offers better fibre matrix interface adhesion and

an increase in mechanical properties of the composites.

There is a lot of improvement in strength and modulus with

18% NaOH boiled sisal fibres, which again shows, at high

temperature rougher surface might have been taken place.

This rough surface increases the interface bonding between

the fibre and the matrix.

Chemical Resistance Properties

Table 2 shows the % weight gain (?)/weight loss (-) of

the matrix, untreated and different treated sisal fibre

composites. This clearly indicates that the matrix com-

posites have not lost the weight. Moreover, the weight

increment clearly indicates that swelling of the composite

by the inclusion of the chemicals is taking place, instead

of erosion. Generally weight increase larger due to the

hydrophilicity of lingo cellulosic fibre for the water or

aqueous solutions. In all the cases, it was observed that

the % of weight gain is more when the fibre was treated

with alkali. In these, the OH groups in cellulose were

more exposed, and this increases the hydrophilicity of the

system [17]. It is clearly evident from the table that all

composites are resistance to water and all the chemicals

except carbon tetra chloride. The reason is attack of

chlorinated hydro carbons on the cross linked poly-esters.

From the above observations suggests that these com-

posite can be thought for making water and chemical

storage tanks.

Conclusions

In this work, unsaturated polyester based sisal fibre rein-

forced composites were prepared by hand lay-up method.

The effect of surface treatment of sisal fibre on tensile,

flexural and chemical resistance properties of sisal fibre

reinforced composites was studied. 18% NaOH boiled sisal

fibre reinforced composites posses higher tensile and

flexural strength, because alkali treatment improves the

adhesive characteristics of sisal fibre surface by removing

hemi cellulose and lignin, and also high temperature pro-

ducing a more rough surface topography. This topography

offers better fibre–matrix interface adhesion and an

increase in mechanical properties of the composites. From

the chemical resistance test, it was concluded that all

composites were resistance to all chemicals except carbon

tetra chloride.

Acknowledgement The researchers would like to thank the Uni-

versity Sains Malaysia, Penang and Sri Krishna Devaraya University,

Anantapur (India) for made this work possible.

Fig. 2 Effect of different surface treatment on the flexural strength of

sisal fibre reinforced composites

Table 2 Chemical resistance properties of sisal fibre reinforced polymer composites

Chemicals Matrix Weight gain (?)/loss (-)

Untreated 5% NaOH

treated

5% NaOH

boiled

10% NaOH

treated

10% NaOH

boiled

18% NaOH

treated

18% NaOH

boiled

CH3COOH

(20%)

Methanol

Toulene 0.731 0.234 0.310 0.659 0.466 0.709 0.220 0.294 0.517 0.388

Benzene 0.618 0.172 0.526 0.979 0.994 1.039 1.594 0.498 0.774 0.703

CCl4 -0.555 -0.218 -0.790 -0.540 -0.234 -1.211 -0.114 -0.363 -0.331 -0.404

H2O 0.618 0.982 0.490 0.919 0.522 0.735 0.35 1.628 4.205 2.073

CH3COOH (5%) 0.532 0.121 0.660 0.796 0.872 1.574 0.353 0.387 2.104 1.264

HCL (10%) 0.235 0.543 0.644 0.734 0.856 1.051 0.759 0.543 1.481 1.516

HNO3 (40%) 0.323 0.320 0.560 0.573 0.475 0.440 0.539 0.760 0.612 0.802

NaOH (10%) 0.444 0.721 0.850 0.581 0.346 0.522 0.290 1.993 1.140 2.952

Na2CO3 (2%) 0.025 0.325 0.852 1.028 1.089 0.655 0.719 0.334 2.181 0.330

NH4OH (10%) 0.650 0.765 1.391 1.330 1.606 1.609 0.816 0.883 1.865 0.862
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