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Development of reinforced paper laminates using bhindi fibres 
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Long strand fibres have been extracted from the stems of bhindi plant (Hibiscus esculelltus Linn) using conventional 
relting process, carded into sliver and then used for making paper-fibre-paper laminates. The laminates have been prepared 
by sandwiching 9-4 1 wt% of fibres between two sheets of packagi ng-grade paper and bonded by hot press ing the sandwich 
in the presence of starch-based adhesives. The laminates thus prepared show better tearing and bending resistance than the 
lal;'inates made from pure paper sheets. Laminates with 41 wt% fibres show increase in tearing resistance by 400% and in 
bending resistance by 1200%. Tensile properties and pee ling resistance have been found to be reasonable and dependent on 
the amount of adhesive used. The developed paper-fibre laminates are potential candidates for use as a low-cost alternati ve 
to high- grade corrugated paper laminates in packaging industry and offer additional value to the farmers of bhindi plant. 
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1 Introduction 
The demand of packaging material s in India has 

grown considerably over the last decade because of 
the rapid development and growth of the industrial 
production and consumer preferences. A wide range 
of composites I such as paperboard, plastic films , 
plastic composites, etc . is used for packaging. 
Paperboards are preferred for packaging as they are 
inexpensive and unlike plastics are ecofriendly due to 
their biodegradable nature. 

Paperboard as a packaging material provides 
endless options for constructing creative shapes; the 
choice is determined by the end-use application. 
Paper is the most suitable material for the packaging 
of many goods. It is the main base for most decorati ve 
laminates. The reasons for the popularity of these 
types of paper sheets are due to their easy availability , 
low cost, smooth surface and accurately controllable 
thickness . The processing of paper into various types 
of packaging is a much simpler process at a 
reasonable price. Moreover, the incorporation of 
various types of decorations and designs on the 
smooth surfaces of paper is much easier as compared 
to that on the surface of any other system. However, 
the disadvantages are tearing strength and rigidity 
which tend to be lower than those obtainable with 
plastic-based system. The improvement in mechanical 
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properties of paperboard thus becomes an important 
factor for packaging heavy goods. This is usually 
achieved by using multiple layers of high-grade paper 
(with longer grain). However, a . more economical 
route is making paper-fibre laminates by reinforcing 
fibre between two lower-grade paper sheets with the 
aid of a suitable cellulosic adhesive so that the final 
product becomes mechanically strong while 
remaining biodegradable. In order to achieve thi s 
objective, selection of a suitable fibre is necessary 
which is available locally at a low cost. 

Bhindi or lady's finger (Hibiscus esculentus Linn) 
is a major agricultural crop in Indi a and is well known 
as a vegetable. The stem of the harvested plant is 
mostly wasted or used as a fuel in villages. If suitable 
applications could be found for this fibre , it can 
fetch better value for the farmers of coastal belt of 
India where this plant grows to a very healthy height 
of 6-1 0 ft. 

The bhindi plant can be exploited for fibre 
production after the usual harvesting of crop2. Bhindi 
fibre is much coarser and weaker than other bast 
fibres such as jute. Due to the hi gher diameter, raw 
bhindi fibre has very high stiffness and is not suitable 
for spinning. Chemical treatment. such as softening 
and bleaching, results in substantial reduction in 
stiffness which enables the spinning of bhindi fibre in 
blended form 3

. Some work has been reported on 
spinning of bhindi fibre blends on ring and rotor 
spinning systems4

. However, it is not possible to spin 
100% bhindi carded sliver. Therefore, bhindi fibre 
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may realize higher value only if applications other 
than apparel may be developed . One potential area of 
application is paper-fibre composites. Bhindi fibre is a 
cheap bast fibre which has the potential of imparting 
high flexural rigidity and toughness to a structure. 
Bhindi fibre can be incorporated between the two 
paper sheets with the aid of an adhesive to impart the 
desirable mechanical properties to paper structures. 
Also, since the fibre is biodegradable it does not pose 
environmental problems. In the present study, the 
bhindi fibres have been used for developing 
mechanically strong paper laminates for packaging. 

2 Materials and Methods 
2.1 Materials 

2.1.1 Bhil/{/i Fibres 

Fibres obtained from the stems of bhindi plant 
procured from the eastern coastal belt of India were 
used . 

2.1.2 Paper 

Paper sheet rolls as used in manufacturing of the 
corrugated boxes were procured from a local 
corrugated paper manufacturing unit in Delhi. 

2.1.3 Adhesives 
Starch is a natural po lymer available in large 

quantity and at relatively Jow and stable price. 
Because of the many hydroxyl groups, starch has high 
affinity for the polar substances such as water or 
cellulose (paper and fibres). Therefore, a starch-based 
adhesive5 is suitable for this application. However, to 
be useful as an adhesive, starch must be dispersed in 
water, usually hot water, and a number of chemicals 
are added to modify the properties of starch 
dispersion. 

A mixture of gelatinized and ungelatinized starch, 
which permits high solid contents and strength, was 
prepared fresh every time it was required for 
fabricating paper laminates. O. I 3 part of water was 
taken in a container and to it 3.2 parts of corn starch 
was added and stirred. To this mixture, 0.54 part of 
caustic soda dissolved in 0.8 part of water was added. 
The contents were then heated to -10°C with 
continuous agitation for about IS min. This was 
fo llowed by the addition of 16 pariS cold water to it 
with agitation. This gelatinizes the starch present and 
makes the carrier starch portion of the adhesive. In 
another container, 49 parts cold water was mixed with 
0.54 part borax and 18 parts starch. The contents of 
the first container were slowly added to the second 
container with efficient mixing. 

Borax was included in the adhesive formulation to 
speed gelatinization and to decrease the gelatinization 
temperature of the raw starch. The effects of various 
additives5

, such as sodium hydroxide and borax, are 
as follows: (i) sodium hydroxide increases tack , tends 
to solublize the starch to a greater degree, and 
increases viscosity, cohesiveness and colour, and (ii) 
borax addition shows large increase in viscosity, tack 
and cohesiveness. It acts by complexing with the 
starch and, in addition, tends to crosslink the starch. 
This crosslinking causes large increase in solution 
viscosity of the adhesive. 

2.2 Methods 

2.2.1 Extractioll and Processillg of Bhindi Fibre 

The bhindi plants were used for the fibre production 
after the usual harvesting of crop. The extraction of 
bhindi fibre was done by steeping the stems in water 
si milar to the retting process of jute. The fibres were 
easily separated from one end of the retted stem to the 
other. The washed fibres were dried, opened and then 
mixed thoroughly by means of hand. The above 
process gave approximately 10 wt% of fibre from the 
stem on dry basis. Carding was done on a Platts 
miniature card at very high relative humidity to avoid 
excessive breakage of the otherwise stiff fibres . The 
carded sliver was investigated for fibre properties and 
used in the preparation of laminates. 

2.2.2 Fibre Characterizatioll 

2.2.2.1 Fibre Diameter 

The fibre diameter was measured us ing a projection 
microscope at a magnification of x 100. The sample 
was mounted on glass slide and fibre diameter was 
measured at 5 different points along the fibre length. 
Fifty samples were randomly taken from the carded 
sliver for measurement. 

.2.2.2.2 Fibre Specific Gravity 

It was measured using the density-gradient column 
with a range of J .29 -1.48 g/cc. n-Heptane and carbon 
tetrachloride were used as solvents. 

2.2.2.3 Moislllre Regain 
Gravimetric method was used for calculating 

moisture regain. Samples from different parts of sliver 
strand were taken and dried in an oven at WO° C to a 
constant weight. These were then conditioned in a 
desiccator at 65% RH for eight days. The moisture 
regain was calculated on the basis of weight gained by 
the samples. 
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2.2.2.4 Fibre Fil/ el/ess 

Fibre fineness was calculated using the gravimetric 
fineness test. The desired number of fibres ( 100) of 
equal lengths were cut and weighed . The fibres were 
randomly selected along the carded sliver strand. 

2.2.2.5 Tel/sile Testil/g 

The tensile tests were carried out on Instron tensile 
tester (Model 4301) using a constant extension rate. 
The gauge length was set at 30mm and the cross-head 
speed was 2 mm/min. Fifty samples were randomly 
selected and tested . 

2.2.3 Preparation of Reinforced Laminates 

Paper sheets measuring 30 cm x 20 cm were cut 
with longer edge along the direction of paper grain . 
These paper sheets were weighed and a thin layer of 
adhesive (- 4-6 wt% of paper weight) was applied on 
one surface of the paper. On the coated surface, the 
measured quantity of carded sli ver was spread 
uniformly in order to form a thin layer. The fibre layer 
was covered with another paper sheet using the pre
applied adhesive facing the fibre layer being covered. 
This second paper was laid over the fibres exact ly 
parallel to the first paper. The assembly "paper
adhesive-fibre-adhesive-paper" (Fig. I a) was then 
placed over the heated plate of a compression 
moulding machine and was pressed with 80 kg/cm2 
pressure at 120°C fo r 10 min by means of the upper 
heated plate. On the application of heat and pressure, 
the water evaporates and the ungelatinized starch gets 
gelati nized. This creates an extremely high viscosity 
at the paper-fibre-paper interface. Upon subsequent 
exposure to heat, the starch granules swell and burstS 
forming a strong bond with substrates. 

The fibres were laid in various directions such as 
parallel , cross-wise (half parallel and half 
perpendicular) and random to the direction of paper 
grain (Fig . I b) . Carded sli vers were used for making 
parallel and cross-wise laid samples, whereas the 
fibres were cut to about 5 cm length for making 
randomly-laid laminate samples . Bhindi fibres equal 
to 10, 40 and 70 wt% (on the basis of paper weight) 
were taken for making different laminate samples. 
Paper-adhesive-paper laminates (without fibre) were 
also prepared in the similar manner and used as the 
standard for comparison. 

2.2.4 Testing of Lamillates 

The paper laminates with varying amount of fibre 
were subjected to various tests such as weight/unit 
area, thickness, tensile strength , tearing strength, 
peeling resistance and bending rigidity. 
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Fig. l-(a) Sche mati c representat ion of assembly o f the paper
fibre composite 

(b) Schematic representatio n o f the orientation of 
sandwiched fibres with respect to the d irec tio n o f paper gra in: 
(i) paralle l. (ii ) cross-wise, and (i ii ) random (2 inch ClIt fibres) 

2.2.4.1 Weight 

Paper strips (5 cm x 5 cm) were cut randomly from 
the paper laminates and weighed accurately to ±O.OO I 
mg. Five such cuttings were weighted for each type of 
laminate. 

2.2.4.2 Thickl/ ess 

The thickness of lami nates was tested on Essdie l 
thickness gauze at a pressure of 1.96 x 10-3 N/mm2. 
Ten readings were taken random ly for each type of 
sample. 

2.2.4. 3 Tearil/g Strel/gth 

The tearing strength of laminates was measured on 
Elmendorf tearing tester. Sample strips of 3 inch x 2.5 
inch were cut along or across the grain direction of 
paper laminates. Several laminate sheets were piled 
together for one test and a s lit was made. This was 
done to minimize measuremenr error. The tearing 
strength values were calculated by dividing the 
reading obtained by the number of sheets tested. Five 
tests were performed for each type of sample. 

2.2.4.4 Tel/ sile Strength 

The tensile properties were tested on Instron tensile 
tester (Model 4301) which works on CRE principle. 
Samples of 6 inch x 1.5 inch were cut along and 
across the gra in directions of paper. The grip distance 
was set at 4 inch and the cross-head speed at 30 
mm/min. The fu ll-scale load was 100 kg. The 
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breaking strength was calculated ali the basis of 
average thickness or weight/unit area of the sample. 
Five tests were performed for each sample. 

2.2.4.5 Peelillg Resistallce 

The peeling res istance of laminates was measured 
on Instron tensile tes ter (Model 4301). Strips 
measuring 7 inch x 1.5 inch were cut from laminates. 
Each strip was then peeled to a distance of 2 inch by 
means of a needle and converted into a T- type shape. 
The two ends of the peeled strip were then placed on 
the jaws of the Jnstron tester. The cross-head speed 
was 50 mm/min and full-scale load, 5000 g. The 
maximum load to peel the rest of the sample was 
recorded. Five tests were performed for each sample. 

2.2.4.6 Belldillg Rig idi()1 

Strips of paper laminates (8 inch x 5 inch) were cut 
along and across the grain directions of the paper. The 
strip was then pl aced and clamped near the edge of a 
Oat surface so that 5 inch along the length was 
projecting out over the edge of the surface. At the end 
of the projecting strip, an arrangement was made to 
hang the measured weights. To this, weights were 
added until the strip bends through 41 .5°. Five tests 
were performed in both the directions (parallel and 
across the paper grain) for each type of laminate. 

3 Results and Discussion 

3.1 Dimensional and Tensile Properties of Bhindi Fibre 
Dimensional and tensi le properties of carded bhindi 

fibre are given in Table I. It is observed that there is a 

Table I-Dimensional and tensile properties of extracted and 
carded bhindi bas t fibres 

Property 

Av. diameter, Ilill 
Di ameter CV % 
Av. fineness, rex 
Fineness CV % 
A v. length, Clll 

Tenacity, g/tex 
Tenacity CV % 
Breaking extension, % 
Breaking ex tensio n CV % 

Value 

110.2 
29.08 
10.66 
18.9 
14 
9.1 

54.6 
1.73 

25 .6 

wide vanatlon of diameter and fineness along the 
fibre. The bhindi fibre could be considered as 
consisting of three different zones, namely root, 
middle and tip. The diameter of fibre is highest at 
root, reduces towards center and again increases 
towards the tip. The fibre root is much coarser than 
the middle or tip . It is also found that the length of the 
carded fibre varies between 4 inch and 6 inch. There 
is a wide variation in tenacity and breaking extension 
values. This is again due to the non-uniformity of 
bhindi fibre having varying fineness. The low 
breaking extension indicates that it is a stiff fibre and 
has the potential of imparting good rigidity to 
laminates. Table 2 compares properties of bhindi fibre 
with other bast fibres. It may be inferred from the 
table that bhindi fibre is much coarser and weaker 
than jute, while other properties are simi lar to several 
bast fibres. 

3.2 Dimensional and Mechanical Properties of Paper 
Laminates 

Dimensional and mechanical properties, such as 
thickness, weight, tensile, tearing, bending and 
peeling, were studied for laminates with varying 
weight percentage and orientation of fibres to 
determine the optimum composition of laminates for 
different applications. 

3.2.1 Weight und Uniformity 

Paper laminates were made by manually spreading 
the fibres across the paper sheet which could 
introduce non-uniformity. In order to verify the 
uniformity of spread fibres, the paper laminates were 
cut at various locations and weighed . The results are 
given in Table 3. The average weight was found to be 
0.240 kg/m2 and 0.405 kg/m2 at 0% and 70% of added 
fibres respectively . This was expected because of the 
increased weight of fibres in the laminates. 

The variation in weight at different locations is 
given in terms of CY % in Table 3. The CY% is 
merely 5.13% at 10% addition of fibres , which tends 
to fall to 3.81 % with the increased addition of fibres 
to 70%. This implies that the laminates are reasonably 
uniform even at 10% addition of fibres and the 

T able 2-Co mpari son o f properties of bhindi fibre and other natural bast fibres 

Fibre Spec ific gravity Moisture regain Fineness Tenacity Breaking extension 
g/cm3 3t65% RH. % tex g/tex % 

Bhindi 1.422 9 .65 10.66 9.1 1.73 
Jute 1.48 12.8 2.17 28.71 1.8 
Hemp 1,48 6-10 1.42 56.34 2 
FI:!x 1.83 52.38 1.6 
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variation in weight further decreases with the addition 
of fibres due to the more uniform distribution. 

3.2.2 Thickness alld Ulliformity 

Thickness is an important characteristic of 
laminates . Higher thickness for same weight provides 
greater bending stiffness, which is useful for 
packaging units such as boxes. Normally, the paper 
sheets used in making boxes are corrugated to 
improve thickness by weight ratio. Table 4 shows the 
variation in thickness of paper iaminates with per cent 
addition of fibre. It is observed from Table 4 that the 
thickness of paper lamjnates increases from 0 .35 mm 
for laminates with 0% fibres (only paper laminates) to 
0.83 mm for laminates with 70% fibres (based on 
total paper weight). The interesting fact is that the 
thickness could be increased by about 137% with only 
70% increase in weight of laminates. This is due to 
the high amount of free space that gets incorporated 
as part of the laminate by the added layer of fibres. 

The variation in thickness is another important 
criterion to judge the quality of paper laminates. It is 
evident from Table 4 that the CV % is reasonably 
small for all samples. The CV % decreases from 
10.8% for 10% fibres to 5.40% for 70% fibres in case 
of laminates with randomly-laid fibres. The 
uniformity of the laminates improves with the 
increased amount of fibre. The variation could reduce 
due to the doubling effect of multiple layers used in 
making of 70% fibre laminates. The thickness of the 
laminates with random fibres is slightly more than 
that of laminates with parallel fibres due to the cross 
overlapping of fibres. 

3.2.3 Tearillg Strength 

3. 2.3.1 Effect of Weight of Added Fibres 

The measurement of tearing strength, which is the 
average force required to tear a sheet, was done by 
measuring the work done in tearing a number of 
sheets together through a fixed distance. Tearing 
strength plays a vital role for packaging since it 
indicates the force required to propagate a defect or 
accidental cut. The tearing strength should be high in 
packaging in order to withstand the high load before it 
tears. 

Table 5 shows that the tearing strength is measured 
in terms of learing load (in kg) per unit weight of the 
laminates. This is done to eliminate the effect of 
material thickness and density on tearing load. The 
measured values thus refer to the true performance of 
the structure. Any improvement in the properties of 

laminates thus indicates advantage of composite 
structure over si mple pure paper structure. 

The tearing strength is found to increase for the 
laminates with higher weight percentage of fibres . 
Tearing strength measured across the paper grain (i.e. 
perpendicular to the laid fibers) is always found to be 
much higher than that measured along the paper grain 
(i.e parallel to the fibres) direction. In laminates with 
randomly-laid fibres, the directional dependence of 
tearing strength is observed only due to the grain 
direct ion of the paper. This dependence became 
weaker at the high percentage of fibre loading, giving 
reasonably high values in both directions of 
measurement. Because it is important to have good 
properties in both the directions in laminates for 
packaging, the preferred way for laying fibres appears 
to be that of random orientation. 

The tearing strength increases sharply with 10% 
and 40% addition of fibres. But after 40% addition of 
fibres, the ri se in tearing strength is lower. This may 

Table 3-Weight of paper laminates with varying fibre weight 

Fibres Fibres in 
added bminate 

Weight of 
adhesive 

Total 
weight 

CV 
% 

% of paper % or total in laminate of lam inate 
weight weight 

0 0 
10 3.68 
40 27 .30 
70 39.75 

kg/m2 

0.010 
0.012 
0.011 
0.0 14 

kg/m2 

0.240 
0.265 
0.337 
0.405 

2.8 
5. 13 
4.3 ! 
3.8 1 

Table 4-Effect of weight percentage and orientation of fibres on 
thickness of paper laminates 

Fibres Samples with parallel Samples with random 
added fibres fibres 
% Thickness CV Thickness CV 

mm % Mm % 

0 0.35 2 0.35 2 

10 0.441 13.3 0.449 10.8 

40 0.571 9.90 0.574 5.92 

70 0.826 6.27 0.829 5.40 

Table 5-Effect of fibre percentage on the tearing strength of 
paper laminates 

Fibres Tearing load/weight of laminate, kg/kg 
added Fibres Earallel to grain Randoml~-oriented fibres 

% Measured Measured Measured Measured 
along across along across 

0 0.399 0.575 0.399 .575 

10 0.814 1.003 0.843 1.01 8 

40 1.2 10 1.84 1.329 1.498 

70 1.2 17 2.372 1.654 1.748 
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be partially due to the poor adhesion of fibres because 
of the limited quantity of adhesive used in the 
preparation of laminates. It may thus be concluded 
th:J.t the addition of fibres significantly contributes to 
the improvement in tearing strength of laminates and 
that the contribution per unit weight of the added 
fibres is more than that of the paper alone. 

3.2.3.2 Effect o.lFibre Orientatioll 

As discussed above, the orientation of fibres plays a 
decisi ve role on tearing strength measured parallel 
and perpendicular to the paper grain. The tearing 
strength should be roughly equal along and across the 
grain for packaging since the load is applied in all the 
directions while carrying goods. To further investigate 
the effect of orientation of fibres, the laminates with 
70% fibres were investigated with fibres laid 
randomly, cross-wise, parallel and perpendicular to 
the paper grain. 

Figure 2 depicts the effect of fibre orientation on 
the tearing strength. The difference in strength in 
principal directions (along and across the paper grain) 
of measurements for laminates with unidirectionally 
laid fibres is very large. Such laminates must be used 
where unidirectional properties are required. 
Laminates with cross-wise and randomly- laid fibres 
show nearly simil ar properties in both the directions. 
However, the cross-laid fibres show higher tearing 
strength than randomly-laid fibres. This difference 
may be due to the longer fibres (average length, 14 
cm) used in the former than in the latter where the 
fibre length is 5 cm. Therefore, the multidirectional 
laying of long fibres is desirable for packaging. 

3.2.4 Tensile Properties 

Tensile strength is a fundamental property and in 
paper manufacturing it is influenced by the kind, 
quality and treatment of the fibre constituents and the 
method by which the sheet has been formed on the 
paper machine. The test is indicative of the 
serviceability of many grades, such as wrapping, bag, 
gummed tape and cable wrapping which are subjected 
to direct tensile stress. Tensile strength measurements 
indicate the potential resistance to breaking when the 
paper web is subjected to strain . 

3.2.4. 1 Effect of Added Fibre Weight 

Table 6 shows the variation in tensile strength 
(breaking load per unit weight) with percentage fibre 
loading. Though the breaking load for fibre-paper 
laminates is always higher than that for the pure paper 
laminates, the tensile strength is little lower by 
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Fig. 2-Tearing strength of various paper-fibre composi tes 
measured along and across the paper grain 

Table 6-Effect of fibre content on the tensile strength of paper 
laminates 

Fi bres Breaking load/weight of lam inate, kg/kg 
added Fibres parallel to grain Randomly-o riented fibres 
% Measured Measured Measured Measured 

along across along across 

0 143.6 86.8 143.6 86.8 

10 132.2 95.8 128.4 103.2 

40 137.7 66.1 136.2 78.5 

70 121.4 69.8 11 9.9 71.8 

10-15%. The fall 111 tensile strength of paper-fibre 
laminates compared to that of the pure paper 
laminates is due to the poor adhesion of load bearing 
fibres with each other and to the paper layers. 
However, the contribution of fibres to tensile strength 
is readily observed when strength measured along the 
fibre direction is found to be greater than that 
measured in randomly oriented fibre samples . 

3.2.4.2 Effect of Fibre Orielltatioll 

The effect of fibre orientation on the tensi le 
strength with 70% fibre loading has been studied. It is 
observed that the strength is highest for 
unidirectionally-laid fibres. However, the difference 
in properties in the two measured directions is very 
large. This difference reduces significantly for 
laminates with cross-wise and randomly-laid fibres . 
Again, the laminates with long fibres placed cross
wise show superior properties than those with 
randomly-laid short fibres . 

3.2.5 Peeling Resistance 
Peeling resistance is defined as the force required 

to separate the two adjoining layers in a composite 
such as in a sheet form. Weak peeling resistance 
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interferes with the satisfactory and efficient use of a 
composite material. Thus, the peeling resistance was 
measured for laminates with different fibre weight 
percentages and the values obtained are shown in 
Table 7. 

It is observed that the peeling resistance for 
laminates with 0% and 10% weight of fibres is 
excellent. The paper sheets in these laminates could 
not be separated without damaging the layers. 
However, the lamjnates with 40% and 70% weight of 
fibres show relatively easy peeling. The bonding 
appears to be very strong when a small amount of 
fibre is used i.e. for 10% loading. When the fibre 
percentage is increased, the bonding among the fibres 
weakens because of the insufficient starch adhesive 
for all the fibres . The problem of peeling is worse in 
laminates with 70% fibre due to the same reason. This 
problem can be easily overcome by spraying the 
necessary quantity of starch solution on to the fibre 
web. 

3.2.6 Bending Rigidity 

One of the most important requirements for 
packaging materials is good bending rigidity. The 
rigidity measures the resistance offered by laminates 
to deform under use. This helps in providing adequate 
protection to goods being packaged. For this purpose, 
the paper sheet is normally corrugated and placed as a 
sandwiched layer between two flat paper sheets to 
form rigid composite. In the present study, this 
function is being performed by the fibre layer itself. 

3.2.6. J Effect of Added Fibre WeiE;ht 

Since no suitable instrument IS available for 
evaluating the sample under investigation, a suitable 
method as described in section 2.2.4.6 was developed 
to measure the relative bending rigidity. The amount 
of load required to bend the extended strip of 5 inch 
(14 cm) of laminate through 41.5 0 increases from 
0.002 kg for pure paper laminates to 0.025 kg for 
laminates with 70% fibres (Table 8). This clearly 
indicates that the bending rigidity of laminates 
increases significantly by more than 12 times with an 
addition of only 70% fibres by weight of the material. 

3.2.6.2 Effect of Fibre Orielllatio/l 

Table 9 shows the load required to bend various 
laminates in two principal directions. The rigidity 
measured is maximum when laminates are bent 
against the fibre direction. The difference in rigidity 
in two principal directions is found to be minimum in 
the case of randomly-iaid cut fibres followed by 
cross-wise distributed fibres. 

Table 7- Peeling resistance of different laminates 

Fibres added Maximum load to peel 
9b kg 

o High peeling load could not be measured 

10 High peeling load could not be measured 

40 0.667 

70 0.115 

Table 8-Amount of load required to bend a 5 inch extended strip 
through 41.5 0 for laminates with fibres par'allel to the paper grai n 

Fibres added Load applied 
9b kg 

0 0.002 

10 0.008 

40 0.014 

70 0.025 

Table 9-Effect of fibre orientation on rigidity of laminates wi th 
41.18 wt% fibres (i.e. 70% loading based on weight of paper) 

Fibre Orientation Load, kg 
Projection Projection 

along across 
the grain the grain 

Parallel to paper grain 0.025 0.016 

Perpendicular to paper grain 0.017 0.027 

Randomly-laid in 2 inch cut 0.019 0.01 8 

Cross-wise (5 inch avo length) 0.021 0.019 

4 Conclusions 
The paper-fibre laminates can be formed easily by 

adding up to 70 wt% of fibres (based on total weight 
of paper). This gIves the laminates desirable 
thickness- to-weight ratio and good mechanical 
properties. The bending rigidity of the laminates 
could be improved by over twelve times and the 
tearing strength by over five times with the addition 
of 70 wt% of fibres (based on total paper weight). The 
other properties such as tensile strength and peeling 
resistance are found to be adequate for the proposed 
application . The direction of paper grains and laid 
fibres in the laminates strongly influence the above 
properties of the laminates. In unidirectionally-Iaid 
fibre laminates, mechanical properties are 
significantly different in the two principal directions. 
However, in randomly-laid fibre laminates. the 
difference reduces with increase in wt% of fibre 
incorporated. However, laminates with cross-laid long 
fibres have superior properties in multiple directions 
than randomly-laid shorter fibres. From the results, it 
may be concluded that paper-fibre laminates having 
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bhindi fibres show excellent properties and can easily 
replace expensive paper corrugated composites 
currently used by the packaging industry. 

The results also suggest that the laminates formed 
from lower quality paper sheets with 10-20 wt% 
fibres can also be used as an easy replacement for 
good quality paper sheet in various other applications . 
Laminates with low fibre content show both high 
tensile strength and peeling resistance. 
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