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ABSTRACT 

 

Unsaturated polyester-groundnut shell composite of various compositions were developed using 

unsaturated polyester resin and groundnut shell powder of 600 m size. The compression 

strength, flexural strength and water absorption properties of the composites were evaluated 

through standard experimental procedures. The highest Compression strength, flexural strength, 
and water absorption for the various composite compositions tested are 19.02 N/mm

2
, 8.76N/mm

2
 

and 61.19% respectively. The least compression strength, flexural strength, and water absorption 
are 2.72 N/mm

2
, 0.57 N/mm

2
 and 2.81% respectively. The results of the water absorption test have 

shown that, composite with high content of groundnut shell, could not be used in applications 

were high water absorption is unwanted. 
 

SIGNIFICANCE: The properties of the 

composite showed good potentials for the 

production of building materials such as 

particle boards, roofing sheet, etc.  Utilising 

groundnut shell in production of such 

materials for the consumption of the 

building industry will create an important 

avenue for solving waste disposal problems 

generated by indiscriminate disposal of the 

generated groundnut shells. 
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1. INTRODUCTION 
 
There is a shift in interest towards the study 

of green composites to replace the 

conventional composites that are mostly 

reinforced by non renewable fibres and 

particulates. These composites are developed 

using various matrices. However, the most 

commonly used matrix for the production of 

composite is plastic because of its ease of 

fabrication and light weight.  

To improve properties of plastic (physical 

and mechanical) as material and lower their 

production cost, fillers and fibres of organic 

or in organic origin and of different types are 

used to develop plastic composites. The 

organic fillers/fibres include wood, sisal 

fibre, rice husk, etc. while inorganic 

fillers/fibres are carbon, glass fibre etc 

(Crawford, 1990). 

The shift towards use of organic fillers is 

because they are readily available, light in 

weight, renewable, cheap and their ability in 

enhancing quality of composites (Mohanty 

et al., 2000). It is reported that the growth of 

wood plastic composite decking in North 

America has grown from less than one 

percent in mid 90’s to over 10% in 2004. It 

has been projected that, the growth will 

reach 20% before the end of 2010 (Winandy 

et al., 2004). The availability of large 

quantity of groundnut shell waste would 

serve as a source of potential material for the 

development of composite. The matrix 

selected for the composite is the unsaturated 

polyester resin which is cheap and readily 

available.   

 

2. LITERATURE REVIEW 

 

Composites are increasingly being 

considered as potential replacement or 

alternative for metals. They can be made 

from wood, plant fibre, glass-fibre, etc. 

Glass reinforced composites are the most 

superior in quality. They demonstrate 

excellent thermal and impact resistance, high 

tensile strength, good chemical resistance 

and outstanding insulating properties (Kaw, 

1997). 

The possibility of property enhancement is 

one of the major factors that make plastics 
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attractive for engineering applications. 

Development of composites had enabled 

wide acceptance of plastics in many 

engineering applications including aerospace 

and automobile industries. Currently in the 

United States of America these industries 

utilize over 100 000 tonnes of reinforced 

plastics out of a total consumption of over 

one million tonnes (Crawford, 1990).  

Composites made from cellulose materials 

as reinforcement are known as ‘green 

composite’ (Mohanty et al., 2000) and are 

characterised by their light weight, enhanced 

properties, low cost and biodegradability. In 

addition to the aforementioned advantages, 

natural fibres are non-carcinogenic and also 

represent renewable resource. Composites 

developed from natural fibres have 

comparable qualities to other composites 

produced from non-organic fillers (metals, 

etc).  (Woodhams et al., 1984; Bayha, 1987; 

Hull and Clyne, 1996; Karamaker and 

Younguist, 1996; Cheremisinof, 1997; 

Herrera-Fanco et al., 1997; Kaw, 1997; 

Avella et al., 1998; Varada et al., 1998; 

Shiao, 1999; Mohanty et al., 2000) 

Researchers have done a lot of work to 

determine chemical, physical, mechanical 

properties, etc. of different formulations of 

green and other types of composites (Lai et 
al., 2005). Two types of composites were 

developed, one with chemical treatment of 

the fibre with alkali and acids and the other 

with out treatment. It was discovered that 

composites containing treated fibre have 

higher tensile modulus and greater flexural 

modulus than untreated composites. Kumar 

et al. (2005) studied chemical and tensile 

properties of polyurethane (PU) and 

polyurethane/polystyrene (PU/PS) coated on 

treated and untreated bamboo. The results of 

their study showed that the strength at break 

for PU and PU/PS coated fibres were more 

than the bare fibres and polymer systems. 

Rozman et al. (2004) conducted a 

preliminary study on mechanical and 

dimensional stability of rice husk - glass 

fibre hybrid composite. The result of their 

study showed that, the presence of rice husk 

in the matrix produced composites with 

comparable tensile, flexural, and impact 

properties especially in 50%wt mix ratio of 

rice husk and glass fibre. The mechanical 

properties of composite developed from 

polyethylene and nut shell flour was studied 

by Raj et el. (1991). They studied the effect 

of variations in molding temperature (145-

180
o
C), fibre concentration (0-45% by 

weight) and fibre mesh size (100, 200, and 

325) on the mechanical properties of the 

composites. It was discovered that, the un-

treated nut shell composites tensile strength 

decreased steadily with increase in fibre 

concentration. Significant improvement in 

tensile strength was recorded with 

polyisocyanate treated fibres. It is worth 

noting also, that both untreated and 

isocyanate treated composites had lower 

impact strength values. 

 

3. MATERIALS, EQUIPMENT AND GENERAL EXPERIMENTAL PROCEDURE 

   

3.1 Materials 

The materials used to prepare samples of the 

composite as well as other materials used to 

conduct the tests highlighted earlier are 

presented in this section. Composite samples 

were produced using unsaturated polyester 

resin, groundnut shell powder and curing 

agents. The unsaturated polyester resin was 

purchased from Nycil Nigeria Ltd. It had 

viscosity value of 5 – 12 poise and an acid 

value of less than 35. The curing agents were 

also purchased from the same producer. The 

additives used were Nycil PD 1308 (1% 

Cobalt) as an accelerator and Methyl-Ethyl-

Ketone- Peroxide (50% MEKP) as hardener.  

3.2 Equipment 

3.2.1 Sample preparation Equipments: 
The equipments used for the preparation of 

the samples include: electric oven, 

compression machine, and the sample 

mould. 

3.2.2 Compression Testing Equipments: 
The aim of this test was to determine the 

compression strength of unsaturated 

polyester-groundnut shell composite of 

various compositions. This was achieved 

using Denison universal testing machine. 

Care was exercised to obtain accurate 

centring and alignment of the testing 

machine.  

3.2.3 Flexural Testing Equipments: The 

flexural strength which is the maximum 

outer fibre stress sustained by each 

unsaturated polyester – groundnut shell 

composite sample was determined using a 

combined Bending/Torsion bench test rig 

with set of weights of 50g, 100g, 200g, 

500g, 1kg, 2kg and 5kg.  
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3.2.4 Water Absorption Testing Equipments: 

The equipments used for the tests are: Metler 

weighing balance and water bath. 

3.3 Experimental Procedure 

3.3.1 Sample Formulation and 

Preparation Procedure: The samples were 

produced using compression molding 

technique with a mold of 110mm by 130mm 

dimension. The Groundnut shell powder 

(GSP) of 60  m size and unsaturated 

polyester resin (USP) were mixed 

thoroughly and then poured into prepared 

mold. The mold was closed, heated to 135
o
C 

temperature and pressed using 2kN load. 

The temperature and pressure selections 

were based on the operational condition of 

compression molding of polyester based 

composites. (Lewis, 1955; Rozman et al., 
2004; Lai et al., 2005). Composite of various 

mix ratios were produced. The mixing ratio 

on weight basis is shown on Table 1. 

 

Table 1: Percentage compositions of unsaturated polyester and groundnut 

shell in various sample formulations  

 

Sample 

Code 

Un-saturated 

polyester(%wt) 

Groundnut Shell 

Powder(%wt) 

10UG 100 0 

91UG 90 10 

82UG 80 20 

73UG 70 30 

64UG 60 40 

55UG 50 50 

46UG 40 60 

37UG 30 70 

 
3.3.2 Compression Test Procedure: The 

compression test was conducted according 

ASTM D695. The specimen was placed 

between the platens of the Denison universal 

testing machine and was compressed at a 

constant speed rate of 1.3mm/min. The load 

at which crushing of the specimen occurred 

was used to evaluate the compression 

strength (  ) from the expression 

A

L
   ---   (1) 

Where L is the maximum crushing load and 

A is the original cross sectional area 

 

 The result of the compression test is as 

shown in Table 2. 

3.3.3 Flexural Test Procedure: The 

flexural strength is the maximum outer fibre 

stress sustained by the unsaturated polyester 

– groundnut shell composite. The flexural 

strength test specimens of various composite 

compositions were prepared based on ISO 

178 recommendations of test specimen with 

80mm length, 10mm width and 4mm 

thickness or specimens with length to 

thickness ratio of 20 (ISO 178). Specimen 

was held as a simply supported beam and 

subjected to three point bending.  

Section modulus is given by ‘Z’ = 
6

2bh
 --- (2) 

Also the bending moment for a simply 

supported beam is given by 

 ‘M’ = 
4

PL   ---  (3) 

The bending strength (Mpa) is given by 

Z

M
B    ---  (4) 

Where: P  is the break load in Newton; L  

is the distance between the supports of the 

beam in mm; b  is the width of the beam in 

mm, and h  - the thickness of the beam in 

mm.  

 

Each sample was suspended on a support 

spaced at a distance that gave length to 

thickness ratio of 20. A weight hanger was 

then hung at the centre of the sample. 

Weights were then gradually added on to the 

weight hanger until the sample broke. The 

weight that broke the sample was then 

recorded. The Results of flexural strength 

test is as shown on Table 3.  

3.3.4 Water Absorption Test Procedure: 
The aim of this experiment was to determine 

the water absorption property of unsaturated 

polyester-groundnut shell composite. The 

water absorption rate Wa is given by:  

%100
1

12 



m

mm
Wa     ...         (5)    ---  (5) 
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Where: 1m - the mass of sample before 

immersion in distilled water and 2m  - the 

mass of the sample after immersion in 

distilled water.  

 

The water absorption test was conducted 

according ASTM D570. The masses of dry 

composite specimens were measured using 

Metler balance and the masses ‘m1’ were 

recorded accordingly. The samples were 

then immersed in a bath containing distilled 

water and kept at a regulated temperature of 

33
o
C for a period of 24 hours.  After 24 

hours, the samples were removed one at a 

time and their masses ‘m2’ were measured 

again. The results of the water absorption 

test are as shown on Table 4.  

 

4.0 RESULTS AND DISCUSSION 
 

4.1 Results 

The results of the tests conducted are 

presented as in Tables 2, 3 and 4 and Figures 

1, 2 and 3. 

 
Table 2: Results of compression test of various composition of unsaturated polyester-groundnut shell 

composite 

 
Sample Compression 

Strength 

(N/mm
2
) 

Average 

Compression 

Strength 

(N/mm
2
) 

Sample Compression 

Strength 

(N/mm
2
) 

Average 

Compression 

Strength 

(N/mm
2
) 

10UGS1 44.64 44.61 64UGS1 20.69 18.22 

10UGS2 43.96  64UGS2 14.43  

10UGS4 45.23  64UGS3 19.54  

91UGS1 26.53 18.68 55UGS1 9.26 9.04 

91UGS2 19.97  55UGS2 9.38  

91UGS3 9.54  55UGS5 8.48  

82UGS5 16.20 17.12 46UGS2 3.02 3.03 

82UGS4 17.39  46UGS3 3.05  

82UGS3 17.78  46UGS5 3.03  

73UGS1 19.83 19.20 37UGS1 2.85 2.72 

73UGS4 19.61  37UGS2 2.66  

73UGS5 18.17  37UGS4 2.66  

 

Table 3: Flexural Strength of unsaturated polyester- groundnut shell composite of various 

compositions 

Sample 

Code 

Flexural 

Strength 

(N/mm
2
) 

Average 

Flexural 

Strength 

(N/mm
2
) 

Sample 

Code 

Flexural 

Strength 

(N/mm
2
) 

Average 

Flexural 

Strength 

(N/mm
2
) 

10UGS2 64.49 64.27 64UGS2 9.52 7.73 

10UGS3 67.65  64UGS3 6.83  

10UGS4 60.66  64UGS4 6.83  

91UGS1 16.50 8.76 55UGS1 7.59 7.1 

91UGS2 7.54  55UGS2 6.74  

91UGS3 7.08  55UGS4 6.99  

82UGS1 9.66 8.68 46UGS2 0.60 1.02 

82UGS2 8.41  46UGS3 0.85  

82UGS3 7.97  46UGS4 1.61  

73UGS2 10.48 8.51 37UGS1 0.73 0.57 

73UGS3 6.65  37UGS2 0.56  

73UGS4 8.40  37UGS5 0.42  
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Table 4: Results of water absorption test of unsaturated polyester-groundnut shell composite of 

various compositions. 

 

Sample % Water 

Absorption 

Average % 

water 

absorption 

Sample % Water 

Absorption 

Average % 

water 

absorption 

10UGS1 0.51 0.88 64UGS1 20.25 21.04 

10UGS2 0.74  64UGS2 21.88  

10UGS3 1.38  64UGS3 20.98  

91UGS1 3.38 2.81 55UGS1 28.48 27.00 

91UGS2 2.68  55UGS2 25.83  

91UGS3 2.37  55UGS3 26.70  

82UGS1 5.24 5.71 46UGS1 48.87 48.95 

82UGS2 5.29  46UGS2 51.02  

82UGS3 6.60  46UGS3 46.97  

73UGS1 7.13 8.55 37UGS1 57.70 61.19 

73UGS2 8.48  37UGS2 62.94  

73UGS3 10.05  37UGS3 62.92  
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Figure 1: Graph of Water absorption against Percentage mass of groundnut shell in the composite. 
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Figure 2: Graph of Flexural strength against Percentage mass of groundnut shell in the composite 
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Figure 3: Graph of compression strength against Percentage mass of groundnut shell in the composite 

 

 

4.2 Discussion of results 
From the results of the compression strength 

of the composite (Table 2 and Figure 3), the 

composite with highest compression strength 

is 73UG which contains 70% unsaturated 

polyester resin and 30% groundnut shell 

powder. 10UG which is just unsaturated 

polyester resin with out groundnut shell has 

compression strength of 44.61 N/mm
2
. From 

73UG through 37UG the compression 

strength decreases with increase in the 

groundnut shell content. 

The results of the flexural strength test 

(Tables 3 and 2) have showed that the 

highest flexural strength is 8.76N/mm
2
 for a 

composite containing 90% unsaturated 

polyester resin and 10% groundnut shell 

powder (91UG). 10UG which does not 

contain any groundnut shell has compression 

strength of 64.27 N/mm
2
. Generally the 

flexural strength decreases with increase in 

the groundnut shell content. 

The water absorption is the percentage 

increase in weight of a material after 

exposure to water under specified 

conditions. It can influence mechanical and 

electrical properties of a material. The 

amount of water absorbed depends on the 

type of material, additives present, 

temperature, and the length of exposure.  

The results of the water absorption test 

(Table 4 and Figure 1) showed that, the 

composite formulation with highest water 

absorption is a composite containing 70% 

groundnut shell powder and 30% 

unsaturated polyester resin (37UG) with 

water absorption of 61.19%. The composite 

formulation with least water absorption is 

91UG with water absorption of 2.81%. The 

results also show a general increase in water 

absorption property of the composite as the 

groundnut content of the composite 

increases. 

 

 

5.0         CONCLUSION 

 
 

Unsaturated polyester-groundnut shell 

composite could be used to produce building 

materials such as particle board for roof 

ceiling, wall partitioning and roofing board. 

However, the thickness of the roofing board 

will be higher than that of the conventional 

metal roofing sheets (Gillet, 1999) because 

metals are stronger than the unsaturated 

polyester – groundnut shell composite. 

 

 

 

6.0 REFERENCE 

 

 
1. Avella, M.; Casale, R; Dell’erba, 

Forcher, B.; Martuscelli, E. and 

Marzetti, A. (1998). Broom Fibre as 

Reinforcing materials for 

Abdullahi, I. and Umar, A.A.  
83 



  

polypropylene-based composites. 

Journal of Applied Polymer Science 

Vol. 68 pp. 1077-1089 

2. Bayha T. D.; Vaughn, E. A.; Lickfield, 

C. G. (1987). Non wovens as 

reinforcement media for composites. 

INDA-TEC pp347-366[BG] 

3. Crawford, R. J. (1990). Plastics 

Engineering, Pergamon Press. New 

York 

4. Gillet M. (1999). Design optimisation 

study of Ludlow roof tile. Retrieved 

from www.idac.co.uk (March, 2008) 

5. Herrera-Franco, P.; Valadez-Gonzalez, 

A. and Carventes-Uc, M. (1997). 

Development of a high density 

polyethylene and natural fibre 

composites. Composite part B Vol. 28B 

pp. 331-343 

6. http://www.ides.com/property_descripti

ons/ISO178.asp(22/05/2010)  

7. Hull D. and Clyne T. W. (1996). An 

introduction to composite materials. 

Cambridge University press pp. 271-

280, Cabridge, UK. 

8. Karamaker, A. C. and Youngquist, J. A. 

(1996). Injection of Polypropylene 

reinforced with short jute fibres. Journal 

of applied polymer Science Vol. 62 pp. 

1147-1151 

9. Kaw A. K., Mechanics of Composite 

materials, CRC press, 1997[BG] 

10. Kumar, H. and Siddaramaiah, M. 

(2005). Polymer Plastic Technology and 

Engineering, Vol. 44 pp. 1369-1377. 

11. Lai, C.Y.; Sapuan, S.M.; Ahmad, M. 

and Yahya, Y. (2005). Mechanical and 

electrical properties of coir fibre 

reinforced polypropylene composites. 

Journal of Polymer plastics technology 

and engineering Vol. 44 pp. 619-632 

12. Lewis, R. L. (1955) Structural 

Properties of Cornstalk Building Panels. 

Waste Lafayette, IN: Purdue University, 

School of Agriculture, Department of 

Agricultural Engineering. Unpublished 

thesis 

13. Mohanty, A. K.; Misra, M. and 

Hinrichsen, G. (2000). Biodegradable 

polymers and Biocomposites: An 

overview.  Macromolecular materials 

Engineering Vol. 276/277 pp. 1-24 

14. Mohanty, A. K.; Tripathy, P. C.; Misra, 

M.; Parija, S. and Sahoo, S. (2000). 

Chemical Modification of pineapple leaf 

fibre; graft co-polymerization of 

acrylonitrile on to defatted pineapple 

leaf fibres, Journal of applied polymer 

science Vol. 77 pp. 3035-3043. 

15. Raj, R. G. and Koktya, B. V. (1991). 

The effect of processing conditions and 

binding material on the mechanical 

properties of bagasse fibre composites. 

European Polymer Journal Vol. 27 No. 

27 pp. 1121-1123  

16. Rozman, H. D.; Hazlan, A. and 

Abubakar, A. (2004). Preliminary study 

on mechanical and dimensional stability 

of rice husk-glass fibre hybrid polyester 

composites. Polymer-Plastics 

Technology and Engineering Vol. 43 

No. 4 pp. 1129-1140. 

17. Varada, A. R.; Allah-Baksh, S.; 

Ramachandra Reddy G. and Chary, N. 

K. (1998). Chemical Resistance and 

tensile properties of short Bamboo fibre 

reinforced epoxy composites. Journal of 

reinforced plastics and composites Vol. 

17 pp. 1507-1510. 

18. Winandy, J.E.; Stark N. M.; and 

Clemons, C. M. (2004). Consideration 

in recycling wood-plastic composite. 

Global wood and natural fibre 

composites symposium, Kessel, 

Germany. 

19. Woodhams, R. T.; Thomas, G. and 

Rodgers, D. K. (1984). Wood fibres as 

reinforcing fillers for polyolefins. 

Polymer Engineering Science Vol. 24 

pp. 1166-1171 

20. Shiao, M. L. (1999). The role of glass 

fibre materials on the fracture toughness 

of asphalt shingles. TAPPI proceedings, 

non wovens conference, Orlando, 

Florida pp. 361-365. 

 

 

 

Abdullahi, I. and Umar, A.A.  84 

http://www.idac.co.uk/
http://www.ides.com/property_descriptions/ISO178.asp
http://www.ides.com/property_descriptions/ISO178.asp

