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R
enewable resources in the field of fibre-reinforced polymeric materials with their

new range of applications represent an important basis in order to fulfil the eco-

logical objective of creating eco-friendly materials. Because of their low density,

renewable origin, relatively high specific strength, light weight, unlimited availability, low

price, resistance to corrosion and abrasion, ease of processing, good mechanical per-

formance and problem-free disposal, natural fibres offer a real alternative to the tech-

nical reinforcing fibres presently available. Keeping in mind these immense advantages

of natural fibres, in the present communication a study on the fabrication of Hibiscus
Sabdariffa (HS) fibre reinforced urea-formaldehyde matrix based polymer composites

has been reported. Urea-formaldehyde resin matrix was prepared by the technique

developed in our laboratory. Urea-formaldehyde matrix was reinforced with Hibiscus
Sabdariffa fibres to prepare natural fibre reinforced composites. These polymer com-

posites were subsequently subjected to evaluation of their mechanical, morphological

(SEM), and thermal (TGA/DTA/DTG) properties. Present work reveals that mechanical

properties such as: tensile strength, compressive strength, flexural strength, and wear

resistance, etc. of the composite increase with increase in fibre loading up to 30% load-

ing and beyond this loading these properties decrease. In case of morphological (SEM)

behaviour, morphological results clearly show that when polymer resin matrix is rein-

forced with the different loadings of fibre, morphological change takes place depending

on loading of the fibre. In case of thermal behaviour, results indicate that the presence

of cellulose fibres affects the thermal stability of polymer matrix. The IDT and FDT val-

ues for composite have been found in between those of matrix and the fibre which indi-

cate that the composite is thermally slightly less stable as compared to resin matrix.

INTRODUCTION

Emerging community concerns and

a growing environmental con-

sciousness throughout the globe

have forced the material scientists

and researchers from various fields

to synthesize new polymeric mate-

rials and develop processes that

improve the environmental quality

of a number of products [1-3]. The

use of natural fibres, derived from

a number of renewable resources,

as reinforcing agents in both 

thermoplastic and thermoset mat-

rix composites provides positive 
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environmental benefits with respect to ultimate 

disposability and best utilization of raw material 

[4-7]. At present, various workers are focusing their

attention on the use of natural fibres in place of 

synthetic fibres in various fields [8-11]. A greater

attention is being given for the synthesis of green

polymer composites which can help in resolving

future environmental problems [12-13]. The commer-

cial importance of polymers has derived intense appli-

cations in the form of composites in various fields viz.

in aerospace, automotive, marine, infrastructure, 

military, etc. The most appropriate advantages of nat-

ural fibres over traditional reinforcing materials such

as synthetic fibres (glass fibre, carbon fibre, etc.) are

acceptable specific strength properties, easy availabil-

ity, light weight, ease of separation, enhanced energy

recovery, high toughness, non-corrosive nature, low

density, low cost, good thermal properties, reduced

tool wear, reduced dermal, and respiratory irritation,

cause less abrasion to processing equipment, renewa-

bility and biodegradability [14-18].

These biofibres are especially being required since

the production of composites using natural substances

as reinforcing fillers is not only inexpensive but also

able to minimize the environmental pollution caused

by the synthetic fibres, enabling these composites to

play an important role in resolving future environ-

mental problems. It has been demonstrated that natu-

ral fibre reinforced composites have properties similar

to traditional glass-fibre reinforced composites.

Natural-fibre composites have been studied and

reviewed by a number of researchers [6-11,17,18]. All

these properties have made natural fibres very 

attractive for various industries currently engaged in

searching for products with comparable mechanical

properties to synthetic fibre-reinforced composites

but which are lighter, and do not cause health 

problems for workers. Polymer composite consists of

two or more materials combined in such a way that

the individual materials are generally not distinguish-

able. The material properties of the final component

are higher than individual components. The properties

of natural fibres depend mainly on the source, age and

separating techniques of the fibre. These properties

generally vary for all plants according to climatic 

conditions, etc.

The Hibiscus fibre has high potential as a reinforc-

ing fibre in polymer composites. Hibiscus Sabdariffa
is abundantly found in the Himalayan region especial-

ly in Himachal Pradesh. Traditionally this fibrous

material belonging to Himalayan region has been

used by the local people for making low cost articles

like socks, boots, mats, ropes, bags, etc. The literature

review has revealed that a very little work has been

done on the application of Hibiscus Sabdariffa fibre

as reinforcing material in the polymer composites 

[4-9]. Keeping in view the easy availability, and to

make the best utilization of these raw natural fibres

for better end uses we have made an effort to use this

Hibiscus Sabdariffa as reinforcing material for the

synthesis of urea-formaldehyde (UF) matrix based

polymer composites. In the present paper we have

reported some of our findings on fabrication of

Hibiscus Sabdariffa fibre-reinforced  UF resin matrix

based composites and evaluation of their mechanical

properties. The effect of fibre loading on the mechan-

ical properties of Hibiscus Sabdariffa fibre/UF 

composite has been investigated. Polymer composites

were manufactured by altering the fibre content. The

tensile, compressive, flexural and wear properties of

the Hibiscus Sabdariffa fibre/UF composite were

measured as a function of fibre loading. The resulting

failure behaviour of composites was examined and

related with their mechanical properties.

EXPERIMENTAL

Materials and Methods

Urea, formaldehyde solution and sodium hydroxide

have been supplied by Qualigens Chemicals Ltd. and

were used as received. Urea-formaldehyde resin was

used as polymer matrix. The ligno-cellulosic 

materials used as the reinforcing filler in the 

composites were Hibiscus Sabdariffa (HS) fibres of

particle dimensions (200 microns). Weights of the

samples were taken on a Shimadzu electronic balance

(LIBROR AEG-220), wear testing was made on Wear

& Friction Monitor (DUCOM-TR-20L), testing of

samples for flexural, tensile and compressive

strengths was made on computerized Universal

Testing Machine (Hounsfield H25KS), curing of 

samples was done on compression moulding 

machine (SANTECH India Ltd) thermal studies 
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were carried out on a Perkin Elmer Thermal 

Analyzer and SEM micrographs were taken on a LEO

435VP.

Fabrication of Fibre-reinforced Polymer

Composites

For the fabrication of polymer composites, urea-

formaldehyde resin has been synthesized by the 

standard method developed in our Applied Chemistry

research laboratory [7-8]. Urea and formaldehyde

were taken in different molar ratios (1.0:1.0, 1.0:1.5,

1.0:2.0, 1.0:2.5, and 1.0:3.0) by weight, in the reaction

kettle and mixed with the help of mechanical stirrer.

The reaction was carried out in an alkaline medium.

Since the reaction is exothermic, proper care was

taken to maintain the temperature between 50-60ºC,

for initial 2 h. Then temperature was increased to 

80-85ºC at pH 5.5-6 and the mixture was heated at

this temperature, till the resinification started. Urea-

formaldehyde resin formed as a result of resinification

was a colourless to milky viscous liquid, with faint

formaldehyde odour. 

It was soluble in water and alcohol. After the 

completion of resinification the resin was cooled and

a pinch of ammonium chloride was added to increase

the bonding between the molecules. The resin synthe-

sized was then transferred to a specially made mould.

Resin sheets of size 150 mm × 150 mm × 5.0 mm

were prepared by a closed mould method as described

elsewhere [6-8]. The mould was then closed and kept

under pressure (4.0 MPa) until the resin was set into a

hard mass. All the specimens were post cured at

120ºC for 7 h. 

Further Hibiscus Sabdariffa fibres were first 

thoroughly washed with detergent powder. After that,

these fibres were soaked in hot distilled water for 5 h,

dried for 48 h in air at room temperature followed by

drying in a hot air oven at 105-110ºC for 12 h. The

dried Hibiscus Sabdariffa fibres were grinded to a

powder of pore size 200 microns. Then Hibiscus
Sabdariffa particles were mixed thoroughly with 

UF resin using mechanical stirrer with different 

loadings (10, 20, 30, and 40%) in terms of weight.

The above mixture was poured into specially made

moulds. The surfaces of moulds were coated on the

inside with oleic acid to avoid adhesion of the mixture

and to allow easy removal of the composites. The

mixture was then spread equally on the surface of the

mould. Composite sheets of size 150 mm × 

150 mm × 5.0 mm were prepared by compression

moulding technique on a compression moulding

machine. Compression moulding was performed in a

hot press using a mould preheated to 100ºC. The

material which first placed in a hot open mould was

left for about 7 min, and then the mould was closed.

Composite sheets were prepared by hot pressing the

mould at 130ºC for 30 min. The pressure applied was

in the range of 3 and 4 MPa depending on the loading

of reinforcing material. All the specimens were then

post cured at 120ºC for 12 h.

Mechanical Properties of Polymer Composites

The tensile, compressive, flexural and wear tests 

were conducted as per the following standard 

methods:

Tensile Test
The tensile strength test was conducted on computer-

ized Universal Testing Machine (Hounsfield H25KS).

The specimens of dimension 100 mm × 10 mm ×

5 mm were used for analysis. The test was conducted

at the constant strain rate of 10 mm/min in accordance

with ASTM D 3039 method [5-9].  The sample of 10

cm length was clamped into the two jaws of the

machine. Each end of the jaws covered 2 cm of the

sample. Tensile strength was studied over the rest of

60 mm gauze length. Reading of the tensile strength

test instrument for Newton force and extension was

initially set at zero. The test was conducted at the con-

stant strain rate of the order of 10 mm/min. Tensile

stress was applied till the failure of the sample and

load-extension curve was obtained.

Compressive Test
The compression test was also conducted on comput-

erized Universal Testing Machine (Hounsfield H25

KS) in accordance with ASTM D 3410 method. The

specimens of dimension 100 mm × 10 mm × 5 mm

were used for analysis. Span length was fixed at 

25 mm and the test was conducted at the constant

strain rate of 10 mm/min, whereas the total compres-

sion range was 7.5 mm [5-9]. The compressive stress

was applied till the failure of the sample and load-

deformation curve was obtained.
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Flexural Test
The three-point bend flexural test was conducted in

accordance with ASTM D 790 method. For 

flexural analysis the specimens of dimension 100 mm

× 10 mm × 5 mm were used.  Span length was fixed

at 50 mm and the test was conducted at the constant

strain rate of 2.54 mm/min [9,11,14]. The flexural

stress was applied till the failure of the sample and

load-deflection curve was obtained.

Wear Test
The wear test of the sample was conducted on Wear

& Friction Monitor (DUCOM-TR-20L). Wear resist-

ance of composites was carried-out as per ASTM D

3702 method. The wear of the sample was deter-

mined in terms of weight loss. 

Morphological and Thermal Studies of Polymer

Composites

The changes in the surface morphology of composite,

fibres and matrix were analyzed by scanning electron

microscopy (SEM). The excitation energy used was 

5 keV. To achieve good electric conductivity all 

samples were first carbon sputtered followed by 

sputtering a gold palladium mixture before examina-

tion. SEM micrographs clearly show the difference in

the surface morphology of unloaded and loaded UF

matrix.

The principal objective of thermal analysis is to

study the effect of heating on the materials so that 

stability of the materials at elevated temperature can

be assessed for its applications in a number of fields.

Thermogravimetric analysis (TGA), differential 

thermal analysis (DTA) and derivative thermogravi-

metric studies of samples were carried-out in nitrogen

atmosphere on a thermal analyzer (Perkin Elmer) at a

heating rate of 10ºC/min. TGA was used to character-

ize the decomposition and thermal stability of 

materials under a variety of conditions, and to exam-

ine the kinetics of the physico-chemical processes

occurring in the sample. Basically in this method a

change in thermal stability is examined in terms of

percentage weight loss as a function of temperature.

The mass change characteristics of a material are

strongly dependent on the experimental conditions

such as sample mass, volume and physical form, the

shape and nature of the sample holder, the nature and

pressure of the atmosphere in the sample chamber

and the scanning rate all have important influences on

the characteristics of the recorded TG curve. At the

same time DTA involves comparing the precise tem-

perature difference between a sample and an inert ref-

erence material, while heating both. In thermal 

analysis from time to time overlapping reactions are

difficult to resolve and in some cases resolution can

be improved by hindering escape of evolved gas from

the sample by placing a loosely fitting lid on the 

crucible, changing the packing or form of the sample,

choosing a different crucible or  by varying the 

heating rate. Altering the experimental conditions

may change the relative rates of the overlapping 

reactions and led to the better resolution. In DTG the

mass change with respect to temperature (dm/dT) is

plotted against temperature. A point of inflection in

the mass change step becomes a minimum in the

derivative curve and for an interval of constant mass

dm/dT is zero, a peak in the DTG curve occurs when

the rate of mass change is a maximum. DTG peaks

are characterized by the peak maximum (Tmax) and

the peak on set temperature (Te). The area under

DTG curve is proportional to the mass change and the

height of the peak at any temperature gives the rate of

the mass change at that temperature. However, a

DTG curve contains no more information than the

original TG curve. DTG curves are frequently 

preferred when comparing results with DTA curves

because of the visual similarity.

RESULTS AND DISCUSSION

Mechanism of Urea-formaldehyde Resin Formation

Mechanism of polymerization reaction between urea

and formaldehyde follows a two step process [5,7,8].

First step involves the reaction between urea and

formaldehyde to form methylol urea. Since urea is

tetrafunctional, initial reaction may lead to the forma-

tion of tetramethylol derivative of urea (as shown in

Figure 1a) because the ratio of formaldehyde to urea

is taken appropriately. The rate at which methylol

urea (I) and (II) takes place depending upon temper-

ature, pH and the ratio of formaldehyde to urea (F/U)

[5,8]. To control the reaction and to favour the forma-

tion of dimethylol urea, the condition must be slight-
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ly alkaline and a pH of 7-8 is employed. The next step

during polymerization reaction involves condensation

between the nucleophilic nitrogen of monomeric

methylol urea and the electrophilic carbonyl carbon of

formaldehyde to form polymer molecules. The 

reaction is carried out at 80-90ºC and reaction speed

is controlled by the acidity of the medium (pH 5.5-6).

As the reaction proceeds larger molecules with cross-

linked structures formed. At the required level the

reaction is arrested by neutralization (pH 7.5-8). The

condensation must be closely watched and controlled

at the stages of production because if the reaction is

allowed to continue cross-linking will lead to the

gelatinization of the resin. Under acidic conditions

methylol urea condenses by elimination of water

between either of four steps (as shown in Figure 1b).

Effect of Reinforcement on the Mechanical

Properties of UF Based Polymer Composites

Prior to the preparation of polymer composites, 

optimization of UF resin was done by evaluating the

mechanical properties such as tensile strength, com-

pressive strength, flexural strength and wear resist-

ance, etc [7,8]. It has been observed that UF resin in

the ratio of 1.0:2.5 exhibits optimum mechanical

properties [5,8] hence this ratio of urea and formalde-

hyde was used for further fabrication of fibre-

reinforced green composites.

Further it has been observed that mechanical prop-

erties of composites increase on reinforcement with

Hibiscus Sabdariffa fibres. In case of tensile strength

test, it has been observed that tensile strength of 

composites increases on reinforcement with Hibiscus
Sabdariffa fibres. Composites with 30% loading bear

maximum load followed by 40%, 20%, and 10%

loadings (Figure 2a). It has been observed that poly-

mer composites with 30%, 40%, 20%, and 10% 

loadings bear a load of 488.0 N, 425.0 N, 371.47 N,

and 335.8 N, respectively. In compressive test (Figure

2b), initially force increases with the increase in fibre
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Figure 1. Formation of methylol derivatives of urea (a) and condensation of methylol urea by elimination (b).
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content but beyond 30% loading compressive strength

is found to decrease. It is clear from the figure that

composites with 30%, 40%, 20%, and 10% loadings

bear a load of 3707.8 N, 3570.0 N, 3323.5 N, and

2586.5 N, respectively. The flexural properties of

samples were studied as a function of force (in terms

of load) and deflection. The trends as observed above

for tensile strength and compressive strength tests

have been observed for flexural strength results. The

flexural properties of samples as a function of force

(in terms of load) and deflection are shown in Figure

2c. It is clear from the figure that composite with

30%, 40%, 20%, and 10% loadings bear a load of

279.0 N, 237.0 N, 217.0 N, and 191.0 N, respectively.

It is evident from Figure 2d that wear rate of UF

matrix decreases appreciably as reinforcement with

Hibiscus Sabdariffa fibres. Maximum wear resistance

behaviour is shown by composite with 30% loading

followed by 40%, 20%, and 10% loadings.

Stress-strain Behaviour

Tensile Stress-strain Curve 
Tensile stress-strain curve was constructed from the

load elongation measurements. Since both stress and

strain are obtained by dividing the load and elonga-

tion by constant factors, the stress-strain curve has the
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Figure 2. Load elongation/deformation/deflection and wear resistance curve of fibre reinforced composites (a), (b), (c), and (d).



same shape as the load-elongation curve.  As shown in

Figure 3a, it is clear that in the elastic region stress is

linearly proportional to strain. When the load exceeds

a value corresponding to the yield strength, the speci-

men undergoes gross plastic deformation. It is perma-

nently deformed if the load is released to zero.

Different parameters derived from the tensile stress-

strain curve are presented in Table 1.
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Figure 3. Stress-strain curves of composites under tensile, compressive and flexural tests (a, b, c).

Table 1. Parameters obtained from tensile stress-strain curve at different loadings.

Fibre loading

(wt%)

Ultimate tensile

stress (MPa)

Yield strength

(MPa)

Fracture stress

(MPa)

Standard

deviation

Tensile modulus

(MPa)

10

20

30

40

6.71

7.42

9.76

8.50

4.79

5.97

8.07

6.93

5.750

6.814

8.990

7.630

1.35

1.75

1.57

1.59

170.52

191.27

263.52

221.76



Compressive Stress-strain Curve 
The compressive stress-strain curve has also the same

shape as the load-deformation curve. From Figure 3b,

it is clear that in the elastic region stress is linearly

proportional to strain. When the value of load goes

beyond the yield strength, the specimen undergoes

gross plastic deformation. It is permanently deformed

if the load is released to zero. Different parameters

from the compressive stress-strain curve are shown in

Table 2. 

Flexural Stress-strain Curve 
Flexural stress-strain curve has also been constructed

from the load deflection measurements. The flexural

stress and flexural strain from load deflection curve

has been calculated by using the standard formula 

[9,11,14] as shown below:

Flexural stress for rectangular cross-section 

Flexural strain for rectangular cross-section

where

P = load at a given point on the load deflection curve

(N) 

L = support span (mm) 

b = width of test beam (mm) 

d = depth of tested beam (mm) 

D = maximum deflection of the centre of the beam

(mm) 

The plot of flexural stress versus strain for

Hibiscus Sabdariffa fibre reinforced polymer 

composites is shown in Figure 3c. Different parame-

ters derived from the flexural stress-strain curve are

shown in Table 3.

From these results it is clear that Hibiscus
Sabdariffa fibres are inventive candidates as reinforc-

ing materials in UF matrix based polymer composites.

A good interfacial bonding (or adhesion) between the

polymer matrix and natural fibre is the most essential

factor for achieving better mechanical properties. The

interfacial bonding/adhesion mechanisms depend on

the surface topology of the fibre. The interfacial area

plays a major role in determining the strength of 

composite material because each fibre forms an indi-

vidual interface with the matrix. The adhesion is 

usually the strongest in polar polymers capable of

forming hydrogen-bonds with hydroxyl groups avail-

able on the fibre surface. Interfacial bonding/adhesion

is a result of good wetting of the Hibiscus Sabdariffa
fibres by the UF matrix as well as the formation of a

chemical bond between the fibre surface and the UF

matrix [5,8]. Further the different loadings of fibres

will also affect the mechanical properties of the 

composites. This may be due to the different adhesion
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Table 2. Parameters obtained from compressive stress-strain curve at different loadings.

Fibre loading

(wt%)

Ultimate compressive

stress (MPa)

Yield strength

(MPa)

Fracture stress

(MPa)

Standard

deviation

Compressive

modulus (MPa)

10

20

30

40

49.780

63.300

72.300

68.108

44.30

58.50

67.12

64.23

47.50

61.70

70.05

66.72

1.67

1.93

1.46

1.79

981.4

1237.0

1391.0

1337.0

22

3

bd
PL

=

2

6

L
Dd

=

Table 3. Parameters from flexural stress-strain curve at different loadings.

Fibre loading

(wt%)

Ultimate flexural

stress (MPa)

Yield strength

(MPa)

Fracture stress

(MPa)

Standard

deviation

Flexural modulus

(MPa)

10

20

30

40

57.3

65.1

83.7

71.1

47.17

54.72

71.79

62.45

54.79

61.07

78.17

67.52

1.34

1.62

1.73

1.72

3259.843

3771.654

4992.126

4165.354



strength, between matrices and fibres with different

loadings [18-20]. It has been observed that mechani-

cal properties of composites increase with increase in

fibre content (upto 30%) and beyond this loading the
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Figure 4. SEM images of (a) UF resin, (b) Hibiscus Sabdariffa fibre (c), (d), (e), (f) UF composites with 10%, 20%, 30%, and

40% fibre loadings.



mechanical properties decrease. This behaviour can

be explained on the basis that at higher fibre loading

the fibre-fibre contact overshadow the resin matrix-

fibre contact hence there is decrease in the mechani-

cal properties beyond 30% loading [5-9]. At low 

percentage of fibre loading due to poor bonding

between fibre and matrix Hibiscus Sabdariffa fibres

were not capable of transferring load to another and

hence stress was accumulated at certain points of the

composite, which led to lower mechanical properties.

Further during the preparation of polymer matrix

composites with 30% fibre loading, Hibiscus

Sabdariffa particles acted as carrier of load and trans-

ferred stress from the matrix along the reinforcement

which resulted in composites with good mechanical

properties.

Morphological Study of Polymer Composites

In order to evaluate the changes in surface morpholo-

gy of the fibres and polymer matrix on reinforcement

these were subjected to scanning electron microscop-

ic (SEM) studies. These micrographs on comparison

clearly show the difference in the morphology of the

polymer composites when compared with the 

morphology of the fibre and the polymer matrix sep-

arately (Figures 4a-4f). Morphological results clearly

show that when polymer resin matrix is reinforced

with the different loadings of fibre, some morpholog-

ical changes take place depending upon the bonding

between the varying loading of fibre and the polymer

resin matrix. In case of lower fibre loading (10% or

20%) when the content of polymeric resin being 

higher there is lower bonding between the matrix and

the reinforcement (Figures 4c-4d) and hence mechan-

ical properties have lower values as compared to 30%

fibre loading. In case of 30% fibre loading there is an

intimate mixing of the reinforcement with the resin

matrix (Figure 4e) and hence resulting polymer 

composite materials have higher mechanical proper-

ties. However, at higher fibre content (beyond 30%)

agglomeration of fibres takes place which result in

decreased mechanical properties (Figure 4f). 

Thermal Studies of UF Resin and its

Biocomposites

Thermogravimetric analysis (TGA) of materials such

as raw Hibiscus Sabdariffa fibre, UF resin matrix and

green composites was studied as a function of per-

centage weight loss with increase in temperature. In

case of raw fibre, in the beginning depolymerization,

dehydration and glucosan formation took place

between the temperature range of 26.0ºC to 190.0ºC
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Figure 5. TGA/DTA/DTG analysis of raw lignocellulosic Hibiscus Sabdariffa fibre.



followed by the cleavage of C-H, C-C and C-O

bonds. The initial decomposition temperature (IDT)

has been found to be 199ºC and the final decomposi-

tion temperature (FDT) to be 500ºC. On the other

hand, in case of UF there is single stage decomposi-

tion and the observed IDT and FDT have been found

to be 238.0ºC and 993.0ºC, respectively. The degra-

dation temperatures for natural fibre-reinforced 

composites fall between the degradation tempera-

tures for the matrix and the fibres. It has been

observed that for green composites initial decompo-

sition temperature is 230.0ºC and the final decompo-

sition of the composite took place at 800.0ºC which

indicate that the presence of cellulose fibres does

affect the degradation process. The initial decomposi-

tion temperature (IDT) and final decomposition 
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(a)

(b)

Figure 6. TGA/DTA/DTG analyses of: (a) UF resin and (b) fibre reinforced polymer composite.

 



temperature (FDT) of fibre, resin and biocomposite

are presented in Table 4. This was consistent with

results reported earlier [6-9,19]. These studies are

further supported by DTA studies as shown in

Figures 5 and 6. Two peaks are observed in the DTA

curve of Hibiscus Sabdariffa fibre, six peaks are

observed in DTA curve of UF resin matrix and two

peaks are observed in polymer composites. The TG

and DTA curves reveal that the Hibiscus Sabdariffa
fibre, UF resin and fibre-reinforced composites

decompose in different stages in the temperature

range of 199-500ºC, 238-993ºC and 230-800ºC,

respectively. The magnitude and location of peaks

found in the derivative thermogravimetric (DTG)

curve also provide similar information on the compo-

nent and the mutual effect of the composite compo-

nents on the temperature scale [4-9,19].

CONCLUSION

The mechanical, morphological and thermal proper-

ties of natural fibre-reinforced composites as well as

polymeric UF resin have been investigated. The

mechanical properties of Hibiscus Sabdariffa fibres

reinforced polymer composites have been investigat-

ed as a function of the chemical nature of matrix

polymer and the content of the reinforcing material.

Urea-formaldehyde resin in the ratio of 1:2.5 exhibits

optimum mechanical properties. The mechanical

properties of reinforced UF resin based composites

have been found to be many times higher as com-

pared to UF resin. It has been observed that in case of

tensile, compressive and flexural tests UF resin bears

load of 128.12 N, 991 N, and 91 N, respectively

while in case of composite with optimized loading

(30%) it bears loads of 488 N, 3707 N, and 279 N,

respectively.  It has been observed that a high weight

content of Hibiscus Sabdariffa fibres enables the

polymer composites to increase their strength in the

most effective way. Fibre loading beyond 30% has

been found to decrease mechanical properties due to

agglomeration of fibres. These results demonstrate

the reinforcing effect of Hibiscus Sabdariffa fibres

on UF matrix. The thermal analyses of fibre, UF

resin and composite reveal the thermal stability of the

composites with respect to the pure UF resin. These

results indicate that the presence of Hibiscus
Sabdariffa fibres affect the thermal stability of poly-

mer matrix. The IDT and FDT values for composite

have been found in between those of matrix and the

fibre which indicate that the composite is thermally

slightly less stable as compared to resin matrix. The

SEM investigations confirm that the Hibiscus
Sabdariffa fibres were well dispersed and reinforced

in the polymeric UF matrix. These results indicate

that natural fibre-reinforced UF composites have

mechanical and thermo-mechanical properties high

enough for use instead of conventional synthetic

fibre reinforced.
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UF = Urea-formaldehyde 
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Table 4. Thermogravimetric analysis of UF, HS and P-Rnf-UF composites.

Number Sample

code

IDT

(ºC)

Weight loss

(wt%)

FDT

(ºC)

Weight loss

(wt%)

Final residue 

(%)

1

2

3

HS

UF resin

P-rnf-UF

199

238

230

7.65

22.48

17.51

500

993

800

85.71

87. 51

8.23

14.29

12.49

16.40



H.S. = Hibiscus Sabdariffa fibre
SEM = Scanning electron microscope

TGA = Thermogravimetry analysis

P-Rnf = Particle reinforced

F10 = 10% fibre loading

F20 = 20% fibre loading

F30 = 30% fibre loading

F40 = 40% fibre loading 
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