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ABSTRACT 

Groundnut shells were processed into a handmade gasket paper by employing the basic operations in papermaking. 

Kaolin was used as filler in the paper and at loading level of 20% by weight in the paper. Other chemical additives 

used in making the paper are defoamer; polyethylene glycol, dry strength additive; cationic starch, and retention and 

drainage aids; cationic starch. Each of the chemical additives was used at 0.05% to 0.25% by weight of the furnish. 

Five different composition paper samples of 41cm by 33.5cm were made and the papers made were compared with 

BonTex 247M paper by testing the compressibility, resistance to oil penetration and heat resistance of each paper. 

Sample V paper was found to be the best handmade paper among the five samples. The total production cost of the 

41cm by 33.5cm paper is five hundred and twenty four naira and eighty five kobo. 

SIGNIFICANCE 

This work can help in the replacement of the imported gasket paper with the locally handmade gasket paper. It can 

also help on the improvement of the environmental cleanliness as well as the economy of agricultural crops as there 

will be full utilization of the shells.  
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1.0 INTRODUCTION 

 

Gasket is any sheet of material used for sealing joints between metal parts to prevent leakage, but gasket may also be 

in the form of cordage or moulded shapes. Gaskets are made from all kinds of material, such as paper, sheet cork, 

rubber and asbestos. A usual requirement is that the material will not deteriorate by the action of water, oils, or 

chemicals (Brady & Clauser, 1977). They must have some yield or compressibility in order to conform to the 

surface irregularities. If heat is present, as in an automobile engine or an air compressor, the gasket must be able 

to withstand the highest temperature to be encountered (Linderoth, 1950). 

Gasket paper is used as an oil seal for oils at low pressure, and all bolt openings are cut out (Wood, 1996). 

Groundnut is grown as an annual crop in the tropical and subtropical region and the warmer areas of temperate 

regions of the world, principally for its edible oil and protein rich kernels or seeds, borne in pods, which develop and 

mature below the soil surface. The mature pod has a fibrous pericarp. The dry fibrous pericarp of the mature 

groundnut pod, known as the shell, comprises 20–30 per cent of the whole nut and may be separated from the seeds 

(Asiedu, 1989). The Nigerian groundnut crop is grown almost entirely in the northern states. The shells may be used 

for fuel, as a soil conditioner, as filler in feeds and as a source of furfural, processed as a substitute for cork or for 

hardboard, or composted with the aid of lignin-decomposing bacteria (Asiedu, 1989). Looking at the possible uses 

of groundnut shells, a gasket paper can be locally made from the shells, which are nearly a waste nowadays. As 

such, there may be a substitution for the imported gasket paper.                                                                                 

This project was carried out by investigating the properties and production of the existing gaskets, taking survey on 

the uses of groundnut shells, constructing suitable mould for making the gasket paper, producing the gasket paper, 

and testing of the gasket paper. 
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2.0 LITERATURE REVIEW 

 
2.1 GASKET MATERIALS 

The simplest gaskets are waxed paper or thin copper (Brady and Clauser, 1977). Felseal consists of sheets of paper 

or fibre, 0.254mm to 3.175mm thick, coated with Thiokol to withstand oils and gasoline. Corbestos, to resist high 

heat and pressure, consists of sheet metal coated with graphited asbestos (Brady and Clauser, 1977). Foamed 

synthetic rubbers in sheet form, and also plastic impregnants, are widely used as gaskets. Some of the specialty 

plastics, selected for heat resistance or chemical resistance, are used alone or with fillers, or as binders for fibrous 

materials (Brady and Clauser, 1977). Haveg 16075, a gasketing sheet for oils and super octane gasoline made to 

withstand operating temperature to 752
0
C with intermittent temperatures to 1112

0
C, is a copolymer of vinylidene 

fluoride and hexafluro-propylene (Brady and Clauser, 1977). Another synthetic, used for gaskets of high chemical 

resistance at temperatures to 662
0
C, is Hypalon CSM-60, a chlorosulfonyl polyethylene (Brady and Clauser, 1977). 

 

2.2 PAPER AND PAPERMAKING 

Paper is defined by Noah Webster as “a substance made in the form of thin sheets or leaves from rags, straw, bark, 

wood, or other fibrous material, for various uses” (Hunter, 1978).  

Paper was probably first made in about 100 B.C in China and was made by hand until the beginning of the 19
th

 

century when a papermaking machine was invented (New Encyclopaedia Britannica, 1975). Though modern 

inventions and engineering have transformed this ancient craft into a highly technical industry, the basic operations 

in papermaking remain the same to this day. The steps in the process are as follows: (1) a suspension of cellulose 

fibre is prepared by beating it in water so that the fibres are thoroughly separated and saturated with water; (2) the 

paper stock is filtered on a woven screen to form a matted sheet of fibre; (3) the wet sheet is pressed and compacted 

to squeeze out a large proportion of water; (4) the remaining water is removed by evaporation; and (5) depending 

upon use requirements the dry paper sheet is further compressed, coated, or impregnated. The differences among 

various grades and types of paper are determined by (i) type of fibre or pulp; (ii) the degree of beating or refining of 

the stock; (iii) formation conditions of the sheet, including basic weight, or substance per unit area; and (iv) the 

physical or chemical treatment applied to the paper after its formation (New Encyclopaedia Britannica, 1975). 

 

2.3 PAPER CHEMICALS                             

Papermakers use many different synthetic and natural chemical additives for a variety of different reasons during the 

wet formation process. They are usually added (with the exception of fillers) at a level of around 0–5% by weight of 

the furnish (Roberts, 1991). Such synthetic and natural additives include the following: 

Defoamers - are surface-active agents such as polyethylene glycols, and amides of fatty acids (Roberts, 1991). 

Retention and Drainage Aids - Cationic, neutral and anionic polymers are used either singly or in combination but 

the trend has been towards the increased use of cationic polyelectrolyte. Cationic starch also contributes to dry 

strength. This pattern is part of an increasing trend towards multi-component chemical addition (Roberts, 1991). 

 

Dry-strength Additives - are usually water soluble, hydrophilic natural and synthetic polymers. Starch, because of its 

competitive price, is overwhelmingly the most important dry-strength additive used in papermaking today. In most 

mill situations, Cationic starch is added to a blend of furnish components (Roberts, 1991). 

Wet-strength Additives - In order to produce papers that retain some of their original dry strength when wet, it is 

necessary to do one of four things: (1) Add to or strengthen existing bonds, (2) Protect existing bonds, (3)  Form 

bonds that are insensitive to water, and (4) Produce a network of material that physically entangles with the fibres 

(Roberts, 1991).  

 

Filler - Typical examples of general-purpose fillers are those derived from natural white minerals such as kaolin, 

limestone and talc which are used at loading level of greater than 10% by weight in the sheet (Roberts, 1991). 

Sizing - Thiokol is the medium used for coating the gasket paper known as Felseal (Brady and Clauser, 1977) 

 

3.0 EXPERIMENTATION 
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3.1 MATERIALS, EQUIPMENTS AND GENERAL EXPERIMENTATION PROCEDURE 

 

3.1.1 MATERIALS 

Groundnut shells were used as the main ingredient for this gasket paper. Other ingredient used was Kaolin, which is 

a general-purpose filler (20% by weight in the sheet). Other wet-end additives, which were used in the production, 

are: (i) Polyethylene glycol as deformer and (ii) Cationic starch as retention and drainage aid, and dry-strength 

additive. The additives were used in five ranges of the furnish percentage by weight: 0.5%, 1.0%, 1.5%, 2.0% and 

2.5%. 

This gasket paper would have an area of 41cm x 33.5cm and weighs 123.98g (weight of equivalent area BonTex 

247M gasket paper). Respective masses (grams) of the materials required for each paper sample were calculated and 

presented in Table I below.  

 

Table I: The required paper ingredients 

Furnish (Pulp + Kaolin) 123.98 123.98 123.98 123.98 123.98 

S = Sample 

Cellulose sanding sealer was used in coating the sheets. This was as a result of inaccessibility of Thiokol. Quartz 

500 SAE 20W-50 engine oil was used as the absorption medium during the Oil penetration test. 

 

3.1.2 EQUIPMENTS 

The mould that was used has an area of 41cm x 33.5cm. Aside from the appliances that were used in the preparation 

of the pulp or paper stock, there were four essential utensils used. These were the Vat, the Mould, the Stirrer, and the 

Wooden Platen. Other equipments used during testing were SM100 Universal Testing Machine, PM 2000 Mettler 

Digital balance, Heating plate, and Mercury-in-glass thermometers. 

 

 

3.1.3 PROCEDURE 

The procedures followed in making the paper are: (1) Preparation of suspension of cellulose fibre, (2) Filtration of 

the paper stock, (3) Pressing and Compaction, (4) Drying, and (5) Coating.  

 

3.2 TESTING OF THE GASKET PAPER         

The papers made were tested for Oil penetration, Heat penetration, and Compressibility. The paper specimens 

(BonTex 247M and Handmade gasket papers) were cut to an area of 30cm by 30cm. 

During the compression test, loads (KN) of 6.75, 7.20, 7.65, 8.10, 8.55 and 9.00 were exerted upon each test 

specimen and the percentage reduction in thickness was recorded. During the oil penetration test, the weight of each 

specimen was measured and the specimens were then wholly dipped in the engine oil for a period of one hour. After 

an hour, the specimens were brought out and excess oil was rubbed off their surfaces. The weights of the specimens 

were then measured so as to determine the weight of the oil absorbed into the specimens. This procedure was 

repeated for 2 hours, 3 hours, 4 hours and 5 hours timing. In testing the specimen for heat penetration, each 

specimen was made in contact with a heating plate. Two thermometers were used, one in contact with the heating 

plate and the other in contact with the test specimen from the other side. Thermometer readings were taken for a 

range of 50
0
C to 80

0
C at an interval of 10

0
C.  

 

Mass (grams) 

NO. Material SI SII SIII SIV SV 

1 
Cationic starch 

0.62 1.24 1.86 2.48 3.10 

2 Polyethylene glycol 0.62 1.24 1.86 2.48 3.10 

3 Kaolin 24.80 24.80 24.80 24.80 24.80 

4 Pulp 99.18 99.18 99.18 99.18 99.18 
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4.0 RESULTS AND DISCUSSION 

Results obtained in the tests conducted were presented in the tables below. Wet-strength additive was not used in the 

paper; since the paper would be coated it would be a wet-strength paper. Looking at table II for Oil Absorption, it 

can be said that for the paper samples made, increase in oil penetration into the sheets ceases after the first hour of 

immersion. Comparing the five paper samples made with BonTex 247M paper there is less oil penetration into 

sample V paper. Referring to Table III for Heat Penetration, heat penetrates more into the handmade paper samples 

than into BonTex 247M paper. All the sheets started getting burnt when the heating plate temperature reaches 80
0
C. 

This may be due to poor heat resistance of the furnish components and sizing medium. Referring to Table IV for 

Compressibility, it will be seen that, at the stress value of 7.5Mpa, each of the paper tested has yielded by 

compression to more than 30% of the original thickness. The minimum design yielding stress for the vegetable fibre 

gaskets is 1100psi [7.588 Mpa] (Czernik, 1996). The compression increases as the load increases up to 9.0Mpa. 

Beyond 9.0Mpa there is no further compression in the sheets tested.  

Table II: Oil penetration into the gasket papers 

 
MASS OF ENGINE OIL ABSORBED (GRAMS) 

Immersion time (Hrs) Comm. paper Sample  I Sample II Sample III Sample IV SampleV 

1 

2 

3 

4 

5 

0.58 

0.62 

0.64 

0.65 

0.65 

0.68 

0.68 

0.68 

0.68 

0.68 

0.60 

0.60 

0.60 

0.60 

0.60 

0.55 

0.55 

0.55 

0.55 

0.55 

0.50 

0.50 

0.50 

0.50 

0.50 

0.48 

0.48 

0.48 

0.48 

0.48 

 

Table III: Heat penetration into the gasket papers 

 

TEMPERATURE OF THE THERMOMETER (
0
C) 

Heating plate temp.(
0
C) Comm. paper Sample  I Sample II Sample III Sample IV Sample IV 

50 

60 

70 

80 

44 

51 

60 

67 

48 

59 

67 

75 

48 

59 

67 

75 

47.5 

58.5 

66.5 

74.54 

47 

58 

66 

74 

47 

58 

66 

74 

 

Table IV: Compressibility of the gasket papers 

 

 

 

 

COMPRESSIBILITY (%) 

Load exerted (MPa) Comm. paper Sample  I Sample II Sample III Sample IV Sample   V 

7.50 

8.00 

8.50 

9.00 

9.50 

10.0 

31.25 

34.38 

37.50 

40.63 

40.63 

40.63 

40.00 

42.15 

42.74 

44.70 

46.74 

46.74 

39.85 

42.01 

42.60 

44.59 

46.60 

46.60 

39.70 

41.90 

42.43 

44.45 

46.44 

46.44 

39.50 

41.78 

42.30 

44.30 

46.30 

46.30 

39.39 

41.67 

42.00 

44.12 

46.15 

46.15 
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5.0 CONCLUSIONS 

Groundnut shells were processed to a handmade gasket paper by employing the basic operations in papermaking.  

Based on the results obtained from the tests conducted, it can be concluded that the paper sample V (with 3.1g  

Cationic starch, 3.1g Polyethylene glycol, 24.8g Kaolin, and 99.18g Pulp) is the best handmade paper among the 

five paper samples made. It even has higher resistance to oil penetration than BonTex 247M gasket paper. But all 

the papers can be said to have good compressibility. 

The paper should not be subjected to a temperature of 80
0
c and above. This is due to the inability to resist higher 

temperatures of the type of pulp used in making the papers as well as the medium used in coating the papers during 

sizing. BonTex 247M gasket paper has greater strength and higher flexibility compared to the papers made. This 

may be due to the variations in the type of fibre or pulp used; the degree of beating or refining of the stock; 

formation conditions of the sheet; and the physical or chemical treatment applied to the paper after its formation. 

The paper should therefore be handled with care because of its brittleness. 

The total production cost of 41cm x 33.5cm sheet is N524:85. Production of larger area paper will cost less 

(economics of large scale production). BonTex 247M gasket paper costs N200:00, which is less than the cost of the 

paper sample V. 
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