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ABSTRACT 

 

This paper present an attempt to use gunny fibre 

& honeycomb polymer as reinforced for tribo-

composite based on polyester for tribological 

application. Resin impregnated gunny (RIG) , 

polypropylene honeycomb (PPHC) and resin 

reinforced honeycomb (RRHC) was fabricated 

using hand-lay-up and cold press techniques. 

Wear rate, frictional behaviour of both material 

were studied against polished stainless steel 

counter face using pin-on-disk (POD) machine 

at different applied load (5-25 N) and sliding 

velocity (1.12 – 22.56 m/s). In general specific 

wear rate increases as increasing load and 

velocity.  The specific wear rate for RIG is 

lower than RRHC and PPHC at increasing load 

for approximately 0.35 mg/N and comparable at 

increasing velocity approximately 0.16 mg/N. 

The highest specific wear rate for RIG and 

RRHC is at 10N and 20N respectively 

indicating the wear endurance for load is better 

performed in RRHC compared to PPHC and 

RIG. Friction was minimum value at 0.01 for 

both RIG and RRHC but PPHC catastrophic 

failure.  Compression result also showed that 

the presence of gunny fibre as reinforcement 

shows highest load more than 8N comparing to 

RRHC and PPHC which is less than 1N.  The 

average maximum displacement is highest for 

RRHC at 1.8 cm while that for RIG and PPHC 

is at 1.6 and 0.9 cm respectively.  Finally the 

worn surface morphology of both materials 

were studied using scanning electron 

microscope (SEM) in relation to external 

deformation.!

!

Keywords: Abrasion, Friction, Resin 

Impregnated Gunny, Resin Reinforced 

Honeycomb 

  

 

1. INTRODUCTION 
 

In the era of recycle, reuse and reduce, gunny 

was chosen as it is reliable and recyclable. 

Rahman et al. (2008), suggested natural gunny 

from treated woven jute is the cheapest 

lignocellulosic long vegetable bast fiber and 

abundantly available in Bangladesh to be used 

for fibre due to its strength and durability. 

Besides gunny, they were used for making 

ropes, shopping bags, floor mates and many 

other applications. The major drawback factor 

using jute fiber as reinforcing material is its 

hydrophilic nature that responsible for moisture 

absorption and consequently deformation of the 

product. Therefore, some chemical treatment to 

improve its hydrophilic nature and mechanical 

properties needed in order to reduce damage in 

jute fibre. Beside jute is a potential natural 

rubber to replace synthetic fibers due to its 

lightweight, easy processing, renewable, 

recyclable, reusable leading to material 

efficiency and most importantly; cost effective. 

In addition, they are biodegradable and do not 

leave residue or result in by-product that are 

toxic. !

In the current work, raw jute fiber was oxidised 

with sodium periodate and manufactured 

composites were post-treated with urotropine to 

increase the compatibility of the jute fiber with 

PP (polypropylene) matrix. For RRHC, 

honeycomb made from polypropylene, and they 

are synthetic polymers. Nowadays, various 

reinforcing fillers are combining with synthetic 

polymer in order to improve the mechanical 

properties to fulfill the actual application 

demand characteristic. The polymer based 

material is preferred in these current years over 

metal-based counterparts in view of their low 

coefficient of friction light weight material and 

ability to sustain loads as mentioned by 

Quintelier et al.(2006). Polymer is extensively 

used in the sliding components such as gears 

and cams where their self lubricating properties 

are exploited to avoid the need for oil or grease 

lubrication with its attendant problem of 



Regional Tribology Conference 

Bayview Hotel, Langkawi Island, Malaysia, 22-24 November 2011 

 

231 

 

contamination as stated by Unal et al. (2004). 

Although from above statement using natural 

fibre is better compare to synthetic polymer, but 

from triblogy point of view, it phenomenon 

might be different. It is known that surface 

topography, contact condition (sliding velocity, 

load, temperature, sliding distance and contact 

geometry), and humidity have been recognized 

as a source of scatter factor that can affect the 

experiment. Other such as in dynamic 

parameters of the friction test apparatus; like the 

pin must translate back and forth in parallel to 

the load axis to stay in contact with the disk if 

there is a misalignment or distortion in the face 

of the disk also contribute to the variable 

factors. However, the factors that being 

manipulated in this work focusing only on three 

parameters; disk velocities, pin load and sliding 

distance. Others than that, precaution steps were 

taken into account so that it will be constant 

factor for repeated experiment.!

 

According to Holmberg et al. (1987), 

in dry contact abrasion condition, wear rate 

reduction is effective for adhesion and fatigue 

wear. This wear reduction is base on the fibre 

load carrying capacity, their higher creep 

resistance and thermal conductivity. Material 

for pin and disk must also be consistence, 

stainless steel counter surface and the 

experiment was carried out at room temperature 

and humidity. For manipulative factor, higher 

load make fibre more sensitive to breaking and 

pulverizing. El-Tayeb et al. (1996) stated that 

the volumetric wear rate will increase with 

increasing applied load and increasing sliding 

distance. Godfrey(1995) also suggested that for 

disk velocity, normal force oscillation increase 

as speed increase in POD test. This is supported 

by Nasir et al. (2011) said that sliding velocity 

exerts greater influence on the sliding wear than 

applied load. Past research show that polymer 

sliding speed of wear does not always follow 

the usually accepted engineering rule of “higher 

sliding, the higher wear rate”. Due to another 

researcher, Acilar et al. (2004) overruled that 

sliding speed should be sufficiently low in order 

to contain the temperature rise of the polymer 

used, because this temperature rise effect in a 

significant increase in the friction coefficient 

values.!

During testing, unwanted vibration 

may arise. During operation of machine 

vibration and chattering are costly in terms of 

reduction of performance and service life, and 

sometimes endangering equipment and personel 

as stated by Yoon et al. (1997). Commonly, 

oscillation was observed in recording friction 

force during unlubricated or boundary-

lubricated POD wear test. The result validity 

lays in how to report properly friction 

coefficient data in such a way that information 

about stability and uniformity of sliding is 

correctly represented. A nominal value is not 

enough to represent the data; a range of values 

should be reported as.!

In order to detect friction oscillation, 

speed of the chart recorder must be increase, use 

an oscilloscope, a computer data acquisition 

program or slow down the disk rotation speed. 

On the other hand, very low disk speed may 

eliminate friction oscillation. It is because as 

mechanics analyses have clearly shown, normal 

force oscillations increase as speed increase in 

POD wear test. Therefore, slowing down the 

disk rotation rate changes the dynamics of the 

system and in some systems may tend to 

suppress oscillation, at least until very low 

speeds, when stick-slip processes may set in.  

From  previous research on data dispersion in 

POD wear test showed dispersion in the range 

of 28-47% and 32-56% for disk and pin 

respectively. For the disk, the dispersion 

increase when decrease both sliding speed and 

applied load, for the pin, no clear relation was 

found said Yousif et al. (2010). Commercial 

disk and pins were used in this test to eliminate 

the influences of any particular laboratory 

preparation and with intention of reproducing as 

closely as possible a potential industry type of 

sliding coupling.!

For the experiment of physio-

mechanical properties improvement of jute fiber 

reinforced polypropylene composites by post-

treatment give interesting result. The researcher 

conclude that tensile strength of the composites 

decrease with an increase in jute fiber loading. 

However, for 20% post-treated jute reinforced 

composite give higher tensile strength compared 

to the PP alone. It was also proposed that 

optimum set of mechanical properties using 

30% jute fibre reinforce PP composite, compare 

with other manufactured composite. So bonding 

between the jute fibre and PP matrix improve 

the mechanical properties at higher fibre 

content. The present pre and post-treatment of 

jute reinforced polypropylene composite are 

adequate at research level but not for 

commercial exploitation due to weight as 

mention by Rahman et al. (2008).!

Base on wear test mechanism of glass 

fiber reinforced polyester composite subjected 

to sliding wear for load ranging from 60-300N 

at a constant speed are studied by Quintelier et 

al. (2006) using Scanning Electron Microscope 

(SEM).  Under dry condition, the related 

conclusion made, that the friction force are 

dependable both on the production of the thin 
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polymer film on the wear surface and 

orientation of the fibre, whereby parallel 

orientation give lower friction and transverse 

orientation give higher friction. The effect of 

fibre as reinforced on the wear leads to a fibre 

related wear track. Final curvature of the wear 

track was determined by the fibre.!

For research specifically for polymers 

in friction and wear test, the point that must be 

focused are coefficient of friction in the range 

0.13-0.63, while specific wear rates in the range 

5x10
-16

 – 2.1x10
-14  

mg/N
 
for 22 commercially 

available polymer material. A decreasing of 

ambient temperature (until -35 °C) is reducing 

the coefficient of friction and wear rates for 

most of the materials. The polyester itself had 

low coefficient of friction but showed a 

considerable variation in wear rate as observed 

by Yoon (1997) earlier.!

A polyester composite based on 

betelnut fibre was fabricated and tested for 

tribological applications at different applied 

load and sliding distance at specific sliding 

velocity under wet and dry contact condition. 

The result show that wet condition give better 

wear and frictional performance of betelnut 

fibre reinforced polyester (BFRP) compare to 

dry condition. The tensile strength is reduced 

about 17% at wet condition but in the other 

hand has higher strain, about 26% compare to 

dry. Thus the wear and frictional performance 

of BFRP composite improve about 54% and 

94% respectively when water presence by 

Yousif which is very promising in order to 

reduce wear rate and frictional force for future 

work.!

Meanwhile, the use of pin-on-disk as 

studied by Nair et al. (2009) was pushed to new 

limits by developing unique applications to 

cover a variety of testing parameters. Harsha et 

al. (2003) presented three case studies; 

comparison of different ice melting compound, 

high temperature testing of TiN coats and 

electrical contact resistance of polypropylene 

coating. All cases are unique example to 

showed in order to obtain more accurate 

representation of friction and wear properties, 

user can simulate true in service condition on 

tribological test as supported by Guicciardi et al. 

(2002) study. !

 

!

2. EXPERIMENT!

2.1 Selected materials 
Gunny 

RIG was chosen because of gunny itself can be 

biodegradation and beneficial properties like 

light in weight, reduce wear in machine 

component, easy to found, renewable source 

and also cheap in price plus its high specific 

strength. These properties were suitable enough 

for today world that aware of green world 

concept in real life situation. The gunny used is 

as shown in Fig. 1. 

 
Figure 1 Gunny used 

Honeycomb 

RRHC was chosen base on polymer which have 

less friction force, light weight component, high 

strength, have the ability to overcome weight 

load and also self lubricating and healing. 

Honeycomb shape give beneficial properties 

like light, strong and quiet consistence 

hexagonal shaped. It’s light in weight due to 

hexagonal structure that needs minimum 

material to produce some other shape, a plate, 

compare to solid plate itself. It’s quiet because 

polypropylene honeycomb (PPHC) that acting 

as sound damping materials due to PP 

viscoelasticity and cell structure that can be 

vibration damped, sound absorption and also 

sound insulation. The honeycomb structure is 

shown in Fig.2. 

 

 

Figure 2 PPHC materials used 

 

Resin and Hardener 

Resin was used to impregnated gunny and to 

reinforced honeycomb. The resin that be used is 

polyester. Polyester has some advantages like 

easy to use and lowest cost of resin available. 

For hardener that be used is MEKP (methyl 

ethyl ketone peroxide), the hardener was used as 

catalyst to polyester to short the cure time. 
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2.2 Fabrication of specimen 

 

For RIG, hand lay-up technique was used; the 

gunny laid with resin and sandwiched with 

aluminium sheets. The specimen has a 

dimension of 210 (a) x 297(b) x 10mm(c) cut 

into specific sizes. Then, gunny pieces were 

layer up by resin one by one, until fourth pieces. 

The resin must be uniformly distributed on the 

gunny pieces. Combination of gunny and resin 

call Resin Impregnated Gunny (RIG).Then, 

another sheet of aluminum foil was used to 

cover the RIG, and compressed by some load 

from brick to make sure the RIG will cure 

uniformly. After several hour (6-7hours), the 

RIG ready to take out from the sheet of 

aluminum.!

For RRHC, there is much simpler way to make 

it. First, upper layer of PPHC need to be 

removed and replace with sheet of tissue. Then, 

the resin was distributed on top of the PPHC, 

uniformly. The combination of resin with PPHC 

became resin reinforced honeycomb (RRHC). 

After several hour, the RRHC ready to next 

stage, tested with mechanically and 

tribologically. 

 

Material dimensional specifications is shown in 

Table 1 for respective tests.!

!

Table 1: Material specifications 

Test Material Specification 
(length x width x depth) 

Mechanical Hardness (Rockwell) 20x40x6 mm 

Compression 20x23x6 mm 

Tribology POD 20x10x6 mm 

Optical SEM Base on above specimen 

 

 

2.3 Mechanical test 

There only 2 test under mechanical test; 

hardness and compression test. For hardness 

test, Rockwell machine was used for only on 

RIG material. It’s because RRHC and PPHC 

itself not suitable for this test due to plastic 

properties. Rockwell machine was set on /18 

mild steel ball, 60kgf in Scale F for specimen 

hardness. 

 For compression test, Instron Table 

Mounted Universal Testing Machine was used, 

set under certain specification. For this testing, 

it was set up on 10 mm/min velocity, 

rectangular material tested shape and 10 mm in 

displacement. 

 

2.4 Tribology test 

For tribology test, wear test, the machine that 

was used are Pin-on-disk (POD). The original 

concept is measure specimen weight, before and 

after wear. The ranges of normal load are 5N 

until 35 N or until severely wear, and sliding 

velocity ranges from 1.12 m/s up to– 22.56 m/s. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3 Set up of POD Machine 

This test was doing investigation on wear and 

friction characteristic on RIG and RRHC under 

dry condition against polished stainless steel 

counter face. The set up was basically as shown 

as Figs. 3 and 4: 
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Figure 4 Schematic illustration showing the 

specimen of RIG 

2.5 Qualitative test 

 

After above test was done, the specimen was 

analyzed by using bio-rad Alicona SEM 

machine to see the changes of microstructure. 

  

3. RESULTS AND DISCUSSION 

3.1 Compression test 

For RIG, the specimen was cut into 20x23x10 

mm for compression test. 5 unit of RIG 

specimen was used and here the graph load 

versus displacement. Fig. 5 shows the specimen 

after compression test. From the five 

experiments carried, the average maximum 

value load for RIG compression test is 8.05 N at 

1.57 cm. For PPHC and RRHC compression 

test, the specimen became as shown in Figs. 6 

and 7.  

 

 
Figure 5 RIG specimen after compression test 

 

 
Figure 6 PPHC specimen after comp. test   

Figure 7 RRHC specimen after comp. test 

 

The compression results are shown in Figs. 8 

through 10 for RIG,PPHC and RRHC 

respectively. From both graph (Figs. 8 and 9), it 

shows some increasing after decreasing in load 

applied, which means, both PPHC and RRHC 

have some recovery after the specimens exceed 

maximum load the specimen can sustained, 

compare to RIG, the graph continue to decrease 

after maximum load was applied, which means 

RIG does not have recovery ability. 

From the 5 experiment carried out, the average 

maximum value load for PPHC compression 

test is 0.44 N at 0.87 cm displacement, and for 

RRHC compression test is 0.99 N at 1.79 cm 

displacement, base on Figs. 9 and 10 

respectively. 

 

 
Figure 8 Effect of load on displacement for RIG 
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Figure 9 Effect of load on. displacement for 

PPHC 

 

From Figs. 8 to 10 the data accumulated was 

extracted and simplified in Tables 2 and 3 for 

the all specimens. From both tables, RIG gave 

highest maximum loading compare to the others 

and RRHC gave highest maximum 

displacement. 

 

 
Figure 10 Effect of load on. displacement for 

RRHC 

 

Table 2: Average max load data for RIG, RRHC and HC 

Material Maximum load data (N) 

Average max 

load (N) 

RIG 7.486248 9.622024 7.342972 8.562843 7.255141 8.0538456 

RRHC 1.014006 1.208199 0.926933 0.955662 0.831223 0.9872046 

PPHC 0.506072 0.470081 0.341891 0.401715 0.486568 0.4412654 

 

Table 3: Average max displacement data for RIG, RRHC and HC 

Material Maximum displacement data (cm) 

Average max 

disp (cm) 

RIG 1.250035 1.583356 1.583303 1.66666 1.749963 1.5666634 

RRHC 2.166588 1.833321 1.666606 1.666606 1.666553 1.7999348 

PPHC 0.916553 0.666643 1.000017 0.833357 0.916553 0.8666246 

 

3.2 Hardness test 

This test only carried out by RIG specimen due 

to material suitability, which means elastic 

material like RRHC is not suitable as the 

reading for hardness fluctuated when both 

PPHC and RRHC due to self-healing property 

whereby HC tend to recover to its original 

shape. Therefore the average hardness value for 

RIG is 66HRF. 

 

3.3 Wear test 

Effect of wear on RIG 

For RIG, the specimen was cut into 20x10x6 

mm for wear tests. Ranges of velocity (1.12m/s 

– 22.56m/s) and ranges of loads (5N - 25N) 

were used:  

 
 

Figure 11 Effect of weight loss vs. load for RIG 

for different velocity 
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Figure 12 Extracted data for specific wear rate 

vs. velocity for RIG 

 

 
Figure 13 Effect of weight loss vs. velocity for 

RIG at different loads 

 

 

For wear test using RIG, the duration of 

tribology test is constant which is within 20 

minutes and was carried out under dry contact 

condition. The remaining debris after each test 

was removed before begins the new test using 

brush. The wear occur in this test is abrasion 

because RIG is smooth part, rubbing the hard 

part (stainless steel). 

 

 
Figure 14 Extracted data for specific wear rate 

vs. load for RIG 

 

 

 

 

 

 

 

Fig. 11 gave inconstant pattern, but if it’s 

looked in to detail, it showed for slow velocity 

(1.12 – 6.50 m/s), it result in  lower weight loss 

at low load (5-10 N), and for other patterns, at 

higher velocity (11.82 – 22.56 m/s), higher 

weight loss were observed at lighter load (5-10 

N).  

 

While Fig. 12 gave increasing pattern in specific 

wear rate with increasing of velocity (1.12 – 

22.56 m/s). 

  

Fig. 13 shows the increasing pattern. The weight 

loss increase at lower velocity (1.12 – 6.50 m/s) 

then decrease at middle velocity (11.82 m/s) 

then increase again at higher velocity (17.18 – 

22.56 m/s). Fig. 14 shows specific wear rate 

increase at load 5N -15N, slightly decrease at 

20N and increase again at 25N. 

 

Fluctuating value of weight loss suggest that 

adhesive bonding occur between RIG surfaces, 

the debris from the specimen wear will contact 

the RIG surfaces at certain points. 

 

Effect of wear on RRHC 

For RRHC, the specimen was also cut into 

20x10x6 mm for wear tests. Ranges of velocity 

(1.12m/s – 22.56m/s) were carried out: 
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Figure 15 Effect of weight loss vs. load for 

RRHC for different velocity 

 

 
Figure 16 Effect of specific wear rate vs. 

velocity for RRHC 

For wear test using RRHC, the duration of 

tribology test is constant which is within 11 

minutes and was carried out under dry contact 

condition. The remaining debris after each test 

also was removed before begins the new test 

using brush. Similarly, the wear occurred in this 

test was abrasion because same condition as 

stated before, RRHC is smooth part, rubbing the 

hard part (stainless steel). 

Figs. 15 and 16 show various patterns, at lowest 

velocity (1.12 m/s), the lowest weight loss at 

ranges of load (5-25N), but at higher velocity 

(6.50 – 22.56 m/s), the weight loss increasing 

with load applied increase. But at velocity of 

 
Figure 17 Effect of weight loss on velocity for 

RRHC at different load 

 

 
Figure 18 Effect of specific wear rate vs. load 

for RRHC 

 

22.56 m/s, the highest weight loss detected, its 

call catastrophic wear, it happen when RRHC 

material was go through abrasive wear until 

passing acceptable damage point. 

Fig. 16 shows increasing pattern in specific 

wear rate with increasing of velocity (1.12m/s – 

22.56m/s). In details, RRHC had lowest specific 

wear rate at lowest velocity (1.12m/s) then 

suddenly the specific wear rate increase at 

velocity of 6.50 m/s then increasing in uniform 

pattern for higher velocity ( 11.82m/s – 

22.56m/s). 

Figs.17 and 18 show at lower load (5N-10N), 

the weight loss increase at velocity of 1.12 m/s 
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until 11.82 m/s, slightly decrease at 17.18 m/s 

and then increase again at 22.56 m/s. For middle 

load (15N), the weight loss increase until 

velocity of 1.12 m/s, slightly decrease at 

velocity of 6.50 m/s until 22.56 m/s. For higher 

load (20N-25N), the weight loss increase at 

velocity 1.12 m/s up to 11.82 m/s, then for load 

of 20N, the weight loss just decrease with 

increasing velocity but for load of 25N, the 

weight loss just slightly decrease at velocity of 

17.18 m/s, then the weight loss suddenly 

increase again at velocity of 22.56 m/s. These 

data was further simplified by extracting the 

data and comparing for both RIG and RRHC as 

shown in Figs.19 and 20. 

 
Figure 19 Extracted data specific wear rate vs. 

velocity for RIG and RRHC 

 

 
Figure 20 Extracted data for specific wear rate 

vs. load for RIG and RRHC 

In comparison, for both specimens, RIG and 

RRHC, due to Fig. 19, specific wear rate versus 

velocity show almost same pattern, almost the 

same value of specific wear rate, as in Fig. 20, 

specific wear rate versus load show different 

pattern and value, highest specific wear rate for 

RIG material at load of 10N and highest specific 

wear rate for RRHC material at load of 20N. 

This result supported previous researcher (El-

Tayeb and Nasir) that stated the wear are 

strongly depend upon the applied load.  

From Fig. 20, RRHC had a worst wear 

resistance as compared to RIG because the 

graph of RRHC gave higher value of specific 

wear rate when increasing the applied load. 

 
Figure 21 Average friction for RIG 

 
Figure 22 Average friction for RRHC 

The average coefficient of friction (COF) was 

measured at different load and velocity. The 

COF was minimized until it reached the value at 

0.01 for both RIG and RRHC at 35N and high 

velocity as shown by linear flat line for all 

samples, but PPHC catastrophic failure. This is 

as shown in Figs. 21 and 22 at different loads 

and velocities. 
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4. CONCLUSION 

 

Compression result showed that the presence of 

gunny fibre as reinforcement resulting highest 

load i.e. more than 8N comparing to RRHC and 

PPHC which is less than 1N.  The average 

maximum displacement is highest for RRHC at 

1.8 cm while that for RIG and PPHC is at 1.6 

and 0.9 cm respectively.  RRHC does has some 

recovery ability after exceed maximum load 

applied to be sustained, but RIG does not has 

self-healing properties.  The specific wear rate 

for RIG is lower than RRHC and PPHC at 

increasing load for approximately 0.35 mg/N 

and comparable at increasing velocity 

approximately 0.16 mg/N.  The highest specific 

wear rate for RIG and RRHC is at 10N and 20N 

respectively indicating the wear endurance for 

load is better performed in RRHC compared to 

RIG and PPHC.  Friction was minimized to 0.01 

for both RIG and RRHC but PPHC catastrophic 

failure.  Finally the worn surface morphology of 

both materials were studied using scanning 

electron microscope (SEM) in relation to 

external deformation. For future work, abrasion 

in certain lubricants and different environments 

are recommended. 
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