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POTENTIAL APPLICATION OF OYSTER SHELL ASAN ADSORBENT IN VEGETABLE OIL
REFINING

ABSTRACT
Aim: Generation of filter materials from the shell of/éntebrates for the removal of hazardous comporfenis
fluid is receiving low attention, both in industayd in academia. However, the shell of inverteblikéeoyster has a
very high potential in removing color pigments arler impurities in water and vegetable oils. Inestto utilize the
adsorption potential and to control the disposétaté of oyster shell on the environment, this wetldied its
effectiveness as adsorbent in vegetable oil refinin

Methodology: Both activated and un-activated oyster shells waneduced and each was separately used as

adsorbent in the bleaching process of Palm Kerriel(RKO). The micro-structural images of the adsois
produced were studied using SEM. The physicochdmitwperties of PKO before and after the bleaclpnocess
were monitored and compared.

Results: SEM images showed a clear difference on visualrwben with higher degree of porosity in carbomuiate
oyster shell. The physicochemical properties at#sorption bleaching showed that the carbonatettiogbkell has
more adsorptive power in its pure and natural fohan when chemically activated with,$0. A maximum of
96.97 and 94.44 percentage color reductions foaativated and activated oyster shells were achiessgectively.
The performance evaluation of the adsorbents waheiusubstantiated by using Freudlich adsorptisntherms
which gives the K and n (constants for a given duise and adsorbent at a particular temperaturbgt6.397 &
0.567 and 12.373 & -0.459 respectively for un-adtdd and activated adsorbents. Reduction wereadiserved in
the percentage free fatty acid and iodine valuer dfte adsorption process with both adsorbentsroué reduction
were noted in the PKO refined with un-activatedtershell.

Conclusion: Oyster shell can be effectively used as adsorimew¢getable oil refining.These results confirmed t
effectiveness of the oyster shell in color andipaldte removal.
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1 INTRODUCTION

Oyster shell contributes adversely to the envirom@alemanagement in the coastal regions. Espeqidiges where
fishery appears to be a highly profitable busiress oyster as dominant products of shellfish fadowever, such
industry has a potential of serious problems albiisposal of oyster shell waste and hence constitutaisance to
the environment. Gil-Lim [1] analyzed the chemicamposition of oyster shell and came up with a refhat more
than 90% of the shell is CaG@5.99%) while others are clay minerals like ${®.69%) AbO; (0.42%) MgO,

(0.65%) BOs, (0.20%) NaO, (0.98%) SrO (0.33%) and ${@.72%)present in minute quantities. The presence of
clay minerals, particularly Siand ALO; contributes to the high adsorptive property ofteyshell [2].

Vegetable oil is widely used as edible oil. It sed industrially as base stock in the productiotubficants and
grease. Other non edible uses include manufacfuranulles, paints and resins. In most industrialiagtions most
especially oleochemical industries, Refined, Bleactand Deodorized (RBD) oil are used. Hence, remao¥e
pigments, and other various trace constituenthebil is one of the major steps in the vegetabBlestinery and it is
best perform by adsorption process.

Adsorption is a separation process in which a sdlut liquid is deposited at surface of a solithied the adsorbent
[3]. It could be physical or chemical depending mhaon the operating temperature and the interadtietween the
solute and the solid. At ordinary temperature, matsadsorption predominates and results from mudecular
forces while at elevated temperatures, chemicatllae either broken or created due to the increasetivation
energy and form the bases for chemical adsorpticommonly referred to chemisorptions [4]. Adsorptin
indicative in most natural physical, biological,dachemical systems, and is widely used in indus#jmplications

[5].
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Adsorption is usually described through isotherthat is, functions which connect the amount of aoist® on the
adsorbent, with its pressure (if gas) or conceiotmaif liquid). Various isotherms developed incagj Langmuir,
Freudlich, Multisite, Lattice gas and Bet Isotheligis

The mechanisms for the adsorption in oil bleachimtystry are different and diverse [2]. Noorlidg [n his work
found that the removal of carotene from palm odéree miscella by activated rice hull was due tonukerptions.
Proctor [8] in other hand concluded that adsorptd luxein from soy/hexane miscella on rice hidhavas a
physical process while that on activated clay wss a chemical one.

Adsorbent is an important filter material for thmmoval of hazardous components in exhaust gadegudat, for the
purification of drinking water, waste water treatieor for refining purposes in vegetable oil indglies. It can be in
form of activated carbon, carbon nano-tubes, siiebor activated clay [9], [10], [11]. Becausetiéir wide range
of use the demand on adsorbent is high and w#l insfuture as a result of environmental compliantce many
countries.

Little attention has been given to economic valfishells of invertebrates like oyster shell, rattiezy are disposed
off and consequently become nuisance in the enwviemt. This work studied the effectiveness of attidtaand

unactivated oyster shell as adsorbent in vegetaible=fining. This will reduce the amount of soldaste in the

environment and consequently produce raw mateoalmdustrial use.

2. MATERIALSAND METHOD

21 Materials

Oyster shell was obtained from Kuatan, Malaysialevtiie palm kernel oil was obtained from Nigeriatitute for
Palm QOil research Benin Nigeria. The reagents usellide sodium hydroxide (0.5mole), sodium thiosalie
solution, starch solution, glacial acetic acid (2%bptassium iodide, ethanol, phenolphthalene (atdiy and
hydrochloric acid (0.5mole). All the reagents afaalytical grade.

The major equipment used are: Electric furnacesteteoven, water bath, Atomic Absorption Spectrojsimeter,
Field Emission Scanning Electron Microscope, Cohgtier, Ph meter and mercury thermometer.

22 Methods
221  Preparation of adsorbent from oyster shell

The oyster shell was washed thoroughly with watea beaker and then dried in an oven maintainé® 4C for 24
hours. This was followed by crushing with mortad grestle. 200 g of crushed oyster shell was matdesiarry by
soaking in 0.1 mole $$0, The resulting mixture was heated at 100 °C tillwhele water evaporated. Such is the
acid activated oyster shell used. The acid activatgster shell was dried in an electric oven aP®0or another

6 hrs before carbonation. Dried acid treated oystezll was carbonized at a temperature of 400 °Gnin
environmentally controlled furnace for 1-hour afidwaed to cool. The carbonized activated oystetlshas washed

in a filtration set to remove the residual acichgsilistilled water. The residue was dried, puhediand sieved. This
is the activated adsorbent produced from oystell.sRer comparison, non activated adsorbent was emiyl
carbonating the pure oyster shell and then puledrand sieved.

2.2.2  Scanning Electron Microscope

The surface morphology of the raw and modified eyshell samples were evaluated using Field EmisS@anning
Electron Microscope (JOEL JSM-5600). The oystetl gfmvder was sprinkled on the sample holder ad ttoated
with a thin gold layer prior to examination usinguter coater. The samples were then mounted oisdaening
microscope to view their structural images.

2.2.3  Degumming of Crude Palm-kernel Oil (CPKO)



111 250 ml of crude palm kernel oil was measured infolitger beaker and followed by addition of boildigtilled water
112 (300 ml). The mixture was mixed vigorously in theaker (1liter capacity). The entire mixture was reduin a
113  separating funnel to remove the gums. The processcarried out three times to ensure complete rehahall the
114  hydratable gums [12].

117 224  Neutralization of palm kernd oil

118 Neutralization of PKO was carried out by additmin8.0 ml of 0.5mole NaOH solution into 100ml ofgdenmed
119  oil. The mixture was mixed thoroughly in a beakgrg of common salt was added to facilitate the is#jom of
120 neutral oil and the soap formed. The neutral o filkered from the mixture using vacuum filtratieat.

122 2.25 Bleaching of Palm Kernel Oil

124  35g of the degummed and neutralized PKO was medsote a beaker of 250ml capacity. This was followviey
125 addition of the activated oyster shell (10% weighbil) into the oil. The mixture was heated in ater bath at 120
126  °C with continuous stirring for 20 minutes. Aftéietadsorption period, the mixture was filtered Hrelbleached oil
127  collected. The percentage color reduction was tatled by using the Equation 1. This same procedias adopted
128 when un-activated adsorbent was used. The coll@itedhs then subjected to various analyses.

130 226 Deter mination of Percentage Colour Reduction (% CR)

131 The percentage colour reduction of the oil aftebhing was determined using colorimeter (Uniscep&;3004). A
132  full absorption spectrum was made between 420 nch @fOnm. The result showed that maximum absorption
133 occurred at 530 nniThe absorbance of the samples was determined amg&xémum absorbance wavelength
134  (530nm). The samples were diluted in n-hexane énpiftoportion 0.1g of oil to 2 ml of solvent [13]h&@ bleaching
135 capacity of the adsorbent was determined usingolleving relation:

Aby —Aby

137 %CR = * 100 1)

o

139  Where Al andAb, represents absorbance of the crude palm kernahdibleached palm kernel oil respectively.
141 227 Determination of Freefatty Acid (FFA)

143 Acid value and free fatty acid content of the afdre and after bleaching was determined usinignetiric

144  method [14].. Oil sample (2.5g) was accuratelyghied in a 250 ml conical flask and 50ml of ethaamod 1ml of
145  phenolphthalein was added to it. The mixture watetdor 2 minutes and titrated while still hot @ust standard
146 potassium hydroxide solution (0.1M) in a 25 ml Wtee(graduated in 0.1ml) under rigorous shakingl uhe

147 persistence of the pink colour for about 15 secofitie acid value was calculated from the amourttt@int used
148 using the following relation.

149

150 Acid value = %56'11 (2)

151 Where, V is the volume of Potassium hydroxide tseul, N is the exact molarity and M is the massg of oil
152 sample.

153 The free fatty acid was inferred from the acid eaficcording to equation 2

154 % Free fatty acid (FFA) = 0.503 X acid value (3)

155

156 228 Determination of lodine value

157

158 The iodine value of the oil was determined usitigntietric method [15]. Oil sample (0.1 g) was gled into a 300
159 ml stoppered flask and 20ml of carbon tetra chioriehs added. The oil was allowed to dissolve. ediromide
160 (25ml) was also added and the stopper was insagath. The mixture was gently shaken and kepténdirk for
161  1hr. Potassium lodide (20 ml) and 150ml of wates &dded to the mixture. The mixture was then &ttagainst
162 standard sodium thiosulfate (0.1 mole) until thééoye color due to iodine as almost disappearedew tirops of
163 starch was then added as indicator and the titratias continued with rigorous shaking until theeblwolour just
164  disappeared. The iodine value was calculated franidllowing relation:
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(b—a)*0.01269+100

weight (in g)of substance
Where, a is the number of ml of sodium thiosulphlatis the volume of titrant in ml.

iodine value =

(4)

229  Effectiveness of adsorbents produced using adsor ption isotherms

The adsorptive bleaching was carried out usingstardard procedure. The mass of adsorbent wasiaeteveen 1
to 3% of PKO (w/w). The results were subjectedreuldlich adsorption equation given in equation 2:

Log % =nlogc + logk (5)

Where, x, m and ¢ are amount of substance adsotftedmount of adsorbent and the concentratioheofesidual
substance respectively.

3. RESULTSAND DUSCUSSION

31 Microstructure Analysis of the Oyster Shell Sample

Figure 1 (a), (b) and (c) show the microstructumages of the raw oyster shell, carbonated or tivated oyster
shell and acid activated oyster shell. It is ckeggHown in Figure 1 (a) that the oyster shell snptire natural form is
non-porous materials and hence not effective faogation bleaching. Compared Figure 1 (a) withgbdl (c), the
porosity is obvious on visual observation but marenounced in 1(b) than (c). This suggests thdiarated oyster
shell may have a better adsorption capacity conup@arether two.
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ure 1{a) Raw Ovster hell

Physicochemical Properties of PKO

In order to affirm the observation in Figure 1 abpthe oyster shell samples were each used assarbadt in PKO
refining. The major properties of Oil used to tdw effectiveness of the adsorbents produced acemrge color
reductions (%CR), acid value (AV), Free Fatty A@idrA) and lodine Value (1V).

32 Color and Percentage Color Reduction
Figure 2 shows the graph of mass of adsorbent nedative to the absorbance and percentage caoiction in the
PKO.
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Figure 2: Percentage colour reduction (%CR) ofvattd and unactivated adsorbent

The graph shows that the efficiency of both unvatéd and activated oyster shell measured in tefrpgrcentage
color removal is higher at 3g (10% mass of the Ple@J this corresponds to the maximum of 96.97% @GR a
94.44% respectively at the same quantity of adsartioint “A” in the figure, where the two plotgénsect signifies
a point where either of the adsorbents gives egp@R. This implies that above 2.5g (8.33% mass oc®ORKIn-
activated oyster shell has a better adsorptioaagpthan acid activated one and should therefecemmend for
such process for economic reason.

33 Physicochemical Properties
Table 1 shows the physicochemical properties alemKO and refined PKO using 3g of the adsorbeahe@lly,
the values of these properties after neutralizatith NaOH were 7.74, 3.32% and 16.50 for acid @ahercentage

free fatty acid and iodine value respectively. dtdlearly indicated from the table that most of fireperties
decreases after treatment with adsorbent.

Table 1: Physicochemical Properties of PKO Before After Refining

Char Crude PKO fiRed PKO Refined PKO RefiddO

(Crude Oyster Shell) (Unactivated Oyster Bhel(Activated Oyster Shell)
Acid Value (mole/Kg) 7.74 6.72 4.40 6.40
%FFA 3.88 3.37 22 3.22
lodine Value 16.50 16.50 13.69 16.49
Color Light Brown Light Brown Light Yellow Light Yellow

34 Acid value (AV)

The acid value (AV) is the number of milligramsaikali required to neutralize 2g of fat or oil.determines the
level of saturation or unsaturation depending om type of fatty acid present in the PKO. From thbld, an
appreciable reduction in the AV is observed wheth hm-activated and activated oyster oil was usetthé refining
process but un-activated oyster shell is more &¥feavhen compared with activated sample with 4aé@ 6.40
mol/Kg AV respectively. This is an indication thapart from color removal, un-activated oyster slpeliforms
better in terms of acid reduction when comparedh aitid treated sample. This could be traced tadbiglual acid
used for activation that could be added to the fiétg acid in the PKO.
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35 lodine value (1V)

A higher IV usually indicates problems with fragtation process and the yield of palm kernel stgarime result as
indicated in the Table 1 above shows a sharp remu¢trom 16.50 to 13.69) in the IV when un-acte@toyster
shell was used but no significant effect was obem#rwhen activated shell was employed in the procebs

therefore justified the claim that carbonized améativated oyster shell has a better adsorptiveepdian acid
treated one.

3.6 Performance Evaluation of the Adsorbents Using Freudlich Adsorption | sotherms

Freudlich equation is useful in color measuremsrbag as the units of measurement are additivégpesportional
to the actual concentration of coloring materiaisthe oil [2], [3]. Figure 3 compared the Freudliatisorption
constant (n and k) for both the activated and uivated oyster shells. The n and k values as débtednfrom the
slope and the intercept of the graph respectivaiyh-activated was 0.3975 and 0.567 while forvatéid was 12.37
and -0.469With high n-value (0.3975) in activated oysterlghbe un-activated shell proved to be more effext
than activated one. This is because n-value detesnihe degree of decolorization within which thiscaabent
exhibit its greatest relative effect. If “n” is higthe adsorbent is relatively inefficient as arradgor effecting high
degree of decolorization, but for low n-value (<x fieverse is the case [16]. However, k value & pigeneral
measure of the activity of the adsorbent, it's m&itdenote high or low efficiency but rather it gisothe rate of
adsorption in each of the adsorbents [8].

y=12.82x - 0.488

y=0.315x + 0.461 R?=0.990

R?=0.934 0.1
~ ¢ Unactivated
: ' ' e —=' Activated
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0.2 =
-0.3 -

Figure 3: Freundlich Adsorption Isotherms

4. Conclusion

Adsorbents have been developed from oyster shatiguacid activation and carbonization in the preseof
Nitrogen as a purging gas. SEM images showed a distinction in three samples on visual observatidhe
effectiveness of the adsorbents produced was testd?KO and the un-activated oyster shell has batteorption
capacity compared to acid treated oyster shell endle oyster shell. This result was substantiatgdusing
Freundlich adsorption isotherms which gave bettisogption constant in favor of un-activated oysteell. Base on
these facts, it is therefore concluded that oysitexl (solid waste) can be effectively used asvanmterial for the
production of adsorbent.
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