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Abstract

This study determined effects of chemical treatnmnthe degradation of polyester composite reimfdraith
agro-fibres. The fibres, after being chemicallyatezl with 1M of hydrogen peroxide, sodium hydroxated
potassium hydroxide solution, were sun-dried anlggrized. Screened particulate fibres obtained f88@ um
sieve were mixed with polyester resin in predetaadiproportions. Water absorption test was cawigdn the
samples and it was observed that the treated fibhesved lower water absorption rates (degradatas)
compared with the untreated fibres. The overajpoases confirmed the chemical treatment adopteiteble
for pre-treatment of agro-fibres to forestall defzton.
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1. Heading

One of the most important issues in natural fipekymeric composites is the degradation behaviduhe

composites when exposed to environmental condioich as humidity, sunlight or microorganisms. pber

resistance of the fibres to water absorption care handesirable effects on the mechanical propestnesthe
dimensional stability of the composites. It wasarpd that water uptake leads to the degradaticdheofibres

and the fibre—matrix interface resulting in a lo§snechanical performance [3]. The properties dfira fibres

are affected by many factors such as variety, ¢émdarvest, maturity, retting degree, decorticetjo
disintegration (mechanical, steam explosion treatjnefibre modification, textile and technical pesses
(spinning and carding) [9].

The most serious problem connected with naturatdilis its hydrophilic nature, which causes theefito swell
and ultimately rot through fungi attack. Naturdiréis are hydrophilic as they are derived from lggililose,
which contain strongly polarized hydroxyl groupshe®e fibres, therefore, are inherently incompatilin
hydrophobic thermoplastics, such as polyolefinsrédwer, difficulty in mixing because of poor wegiof the
fibre with the matrix is another problem that legadscomposites with weak interface [2]. Howeverwis
reported that even though the hydrophilic characfenatural fibres would lead to composites withake
interface but pre-treatment of natural fibres waailth at improving the adhesion between fibres aattim[10].

A possible solution to improve the fibre polymeteiraction is by using competibilizers and adhegimomoters
which reduce the moisture absorption. Surface rmieats of the fibre with saline make the fibre more
hydrophobic [8]. Hydrothermal treatment is one lbé tapproaches to reduce moisture absorption ofralatu
fibres, which can increase the crystallinity oflalelse and therefore, contributes to a reduced ton@isuptake.
Moreover, in hydrothermal treatment, a part of heeliulose is extracted thereby decreasing the tunas
absorbance [6]. Duralin process can be used toowepthe quality of natural fibres. It has got a famof
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advantages such as no dew retting required, inedefiisre yield, improved fibre quality consistenecgduced
swelling and resistance from moisture, increaseaintial stability, improved resistance to fungus &edter
mechanical properties [4,5].

In order to develop composites with excellent meats properties, it is necessary to solve the j@mbk by
applying suitable treatments to enhance the colnifigtibetween fibres and the matrices [1]. Heribés study
adopts chemical treatment method to tackle thisadtgion problem.

1.1 Materialsand Experimental Setup

1.1.1 Materialsand Fibre Preparation

The materials used include yam stem and coconuedijbpolyester resin, cobalt 2% in solution (cobalt
nasphthenate), methyl ethyl ketone peroxide (acaz@eg, poly vinyl acetone, ethanol, hydrogen pétex
sodium hydroxide, potassium hydroxide and teflomettmaterial. Fibres were obtained from the browskiof

a ripe coconut plan and stems of harvested yams.fibhes were washed using distilled water and chigd.
These were then grinded to remove scales and odesnfrom the yam fibre and to further shred theonat
husk. The fibre mass was pulverized in a ball anilll sieved through 800 um mesh.

1.1.2 Fibre Treatment

Part of the fibres (yam and coconut) was chemidaéigted in 1 M hydrogen peroxide, sodium hydroxate
potassium hydroxide solution in water while someeneft as control samples. 120 g of each of theppkd
fibre was chemically treated at 70 for two hours in a water shaker bath. After tpprapriate soak time, the
fibres were rinsed in distilled water until the pHthe rinse solution stabilized at 7 so as to nesrthie excess of
the chemicals sticking to the fibres. The fibresevtater oven dried before pulverizing. 10 g oftea€ the
treated and control fibres were tested for ligigljulose and hemi-cellulose so as to ascertairetfieiency of
each of the treatment given to the fibres in remgvignin, hemi-cellulose and detainment of celd@awhich is
the fibre needed for the reinforcement.

1.1.3 ProcessDescription

The materials, polyester resin, fibre, catalyst acckelerator were weighed to conform to the moaidiilation.
Teflon sheet was cleaned and its surface was cedtkdPoly Vinyl Acetone to serve as mould releagent to
ensure the formation of a pure resin on the outdase of the moulding. 40 g of polyester resin wasred into
a glass beaker. 0.5 mole of accelerator and 0.8 pfotatalyst were added and stirred. The pulvdriilee was
added and stirred for some minutes before curingatn temperature. After curing, it was ejectechfrthe
mould and trimmed to desired sizes. Several samyflesrying fibre volume of 0.5, 1.0, 1.5 and 2.Qvgre
repeated for each of the treated and control pwstad the fibres.
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2.0 Experimental Resultsand Discussion

The results obtained are presented in Figures 1—5.

40 -
g 3> m % LIGNIN
30 -
E s
) ® % CELLULOSE
g 20 -
2 15 -
S 10
® 5
0 -
S S R
¥ F § L9 & & &L
NS S S
TR SAMPLES
Figure 1: Plot of % Composition against Samples of FibrasIituent (Lignin, Cellulose and
Hemi-cellulose)
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Figure 2: Plot of % Composition against Samples for RedurcEfficiency values of Lignin,
Cellulose and Hemi-cellulose.

2.1 FibreConstituents Test

Figures 1 and 2 revealed the fibre constituentsievaind the reduction efficiency of the differergatments
respectively. From Figure 1, it was shown that eetied samples have the greatest quantity of lignchhemi-
cellulose as compared to the treated fibres.

From Figure 1, it was observed that KOH treatmévigthe best chemical treatment for yam fibre bseghe
cellulose content was retained to a considerableevaf 32.86 while the lignin and hemicellulosessda
reduced retention value of 10.83 and 17.36 respaygtias compared with the cellulose content. Sitiee
essence of the treatment is to reduce the ligninhemicelluloses while the cellulose which is tequired fibre
must be retained. However for coconut fibre, Na@dtment gives the best chemical treatment asethdasic
content retained is 29.96 while the lignin and hemthiloses retained are 11.58 and 23.09 respegtivel
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Figure 2 showed that coconut fibre treated wit®Hhas the highest reduction efficiency value ofudelie as
compared with other chemical treatments. The amdlal constituent was highly reduced with a redurctio
efficiency value of 25.42 % which is not desirablthe HO, treated yam fibre has the highest reduction
efficiency for lignin with a value of 14.8 % as cpared with other chemical treatments. However, dbiss not
make it the best because the reduction efficieratyievof the cellulosic content is high as compawéti KOH
treated yam fibre and NaOH treated coconut fibr@HKtreated yam fibre however has the highest réotuct
efficiency value of 48.29 % for hemicelluloses asnpared with all other chemical treatments andighty
higher reduction efficiency value of 3.39 % fornig with a cellulosic value of 10.14 % as compavéth
NaOH yam fibre treatment which are 2.85 % and 8@or both lignin and cellulose respectively. Tignin,
hemicelluloses content of coconut fibre is highwarnt that of the yam fibre. It was reported thatooat fibre
taken from coconut fruit has high rigidity and haeds which indicates its high content of lignin. [Bherefore,
KOH treatment gives the best chemical treatmenydon fibre.

For coconut fibre, NaOH treatment gives the besnubal treatment because it has the lowest reductio
efficiency value of 13.66 % for cellulose as congubwith the other chemical treatments for cocoituef

2.2 Water Absorption Test
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Figure 3: Plot of Commulative Weight (g) against Exposurmet for Water Absorption Test Carried out on
Composite Materials Reinforced with both Coconut &am Fibres Treated with KOH and Control Samples

Figure 3 above shows the Plot of Cummulative Weigtagainst Exposure time for Water AbsorptiontTes
Carried out on Composite Material Reinforced witithbcoconut and yam Fibres Treated with KOH androbn
samples. Yam fibre treated at 0.5 g fibre weigattion has the least water absorption. Untreatedrud fibres
at 2.0 g fibre weight fraction have the highestexattake. The high water uptake of coconut filsecampared
with the yam fibre is due to the high content oflfophilic nature of coconut fibre. This corrobomathe report
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of Karlsson [3] that the water uptake was due ®ltidrophilic character of natural fibres whichrésponsible
for the water absorption in the composites, andefoee a higher content on fibres leads to a higimount of

water absorbed.
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Figure 4: Plot of Commulative Weight (g) against Exposurmet for Water Absorption Test Carried out on
Composite Material Reinforced with both Coconut &fadin Fibres Treated with NaOH and Control Samples.

This plot shows that yam fibre treated at 0.5 gefilveight fraction has the least water absorptidnlen
untreated coconut fibre at 2.0 g fibre weight fiatthas the highest water intake.
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Figure 5: Plot of Commulative Weight (g) against Exposurmet for Water Absorption Test Carried out on
Composite Material Reinforced with both coconut gath Fibres Treated with &, and control samples.

This plot shows that the treated yam fibre at 1fibige weight fraction has the least water absorpfollowed
while untreated coconut fibre at 2.0 g fibre weifyattion has the highest water intake.

Figures 3 to 5 point to the fact that the treated the untreated yam fibre show the least wateorgkisn as
compared with the treated and untreated coconid filhnich shows higher water absorption rate.

The rate at which the composites absorb waterriglegv as shown in their cumulative weight withhretfifteen
days. Also, the rate at which the composites absaitler increases with increasing exposure timeo@uartfibre
is more hydrophilic in nature than the yam fibretlsis was shown in Table 4.0 that its percentagkgafn is
higher than that of the yam fibre making it to hdmgher affinity for water absorption than the yéibme. The
unreinforced sample however shows no significardnges in their water absorption this is due torthei
hydrophobic nature [7]. The water absorption tdgiws that the chemical treatment given to the §ibise

effective as all the treatedidres show the least water absorption values coetpt the untreated.

3.0 Conclusions

The study described above shows that the chemseddsted for the treatment of selected agro-filwese
suitable to minimise water absorption rate in cosifgomaterials and thereby making the selected-filgres to
be suitable for reinforcement in polyester composihd can be used for the production of composite w
improved performance. However, the following cosabns were drawn from the research work:
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i. The rate at which each fibre absorbs water inceeaél increasing number of exposure or immersion
days with minimum and maximum values of 0.0027g @7@23g respectively.

ii. The rate at which the composite samples absorbr igagenerally low.

iii. Treated yam fibre at 0.5 g fibre weight fractiorshibhe least water absorption cummulative value as
compared with coconut fibre.

iv. KOH gives the best chemical treatment for yam fivith 32.86 % cellulose, 10.83 % lignin and 17.36
% hemi-cellulose while NaOH gives the best chemitahtment for coconut fibre with 29.96 %
cellulose, 11.58 % lignin and 23.09 % hemi-cellelos

v.  The chemical treatments given to the agro-fibresvgnt degradation of the fibres due to water
absorption.
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