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POTENTIAL APPLICATION OF OYSTER SHELL ASADSORBENT IN VEGETABLE OIL REFINING

ABSTRACT
Aim: Generation of filter materials from the shell of/éntebrates for the removal of hazardous componfenis
fluid is receiving low attention, both in industand in academia. However, the shell of inverteblikteoyster has a
very high potential in removing color pigments astter impurities in water and vegetable oils. Idesrto utilize
the adsorption potential and to control the dispeffacts of oyster shell on the environment, thisrk studied its
effectiveness as adsorbent in vegetable oil refinin

Methodology: Activated and un-activated oyster shells were pceduand each was separately used as adsorbent in

the bleaching process of Palm Kernel Oil (PKO). Thiero-structural images of the adsorbents produseck
studied using SEM. The physicochemical propertfeBKO before and after the bleaching process wergitared
and compared. The performance evaluation of therhdats was further substantiated by using Freluddiod
Langmuir adsorptions isotherms

Results: SEM images showed a clear difference on visualrwbsen with higher degree of porosity in carbomuiate
oyster shell. The physicochemical properties at#sorption bleaching showed that the carbonatetkiogkell 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 achiessglectively.
K and n values obtained from the isotherms (comstdor a given adsorbate and adsorbent at a planticu
temperature) were 0.397 & 0.567 and 12.373 & -0.4&fpectively for un-activated and activated adsoth
Reduction were also observed in the percentageféitte acid and iodine value after the adsorptioocpss with
both adsorbents but more reduction were notedeiPthO refined with un-activated oyster shell.

Conclusion: Oyster shell can be effectively used as adsorbenegetable oil refining. These results confirmieel t
effectiveness of the oyster shell in color andipaldte removal.

Key Words: Adsorption Isotherms, Oyster Shell, PElkennel Oil, Vegetable Oil
1 INTRODUCTION

Oyster shell contributes adversely to the enviromiademanagement in the coastal regions, espegédlyes where
fishery appears to be a highly profitable busirmsd oyster as dominant products of shellfish faBuoch industry
has a potential of serious problems about disposalyster shell waste and hence constitute a noésan the
environment. Gil-Lim [1] analyzed the chemical carajtion of oyster shell indicated that more tha®496f the
shell is CaC@ (95.99%) while others are clay minerals like §{@.69%) AbO; (0.42%) MgO, (0.65%) ROs,
(0.20%) NaO, (0.98%) SrO (0.33%) and $@.72%)present in minute quantities. The presence of niaerals,
particularly SiQand ALO; contributes to the high adsorptive property ofteyshell [2].

Vegetable oil is widely used as edible oil and stdally as base stock in the production of lubmiisaand grease, as
well as candles, paints and resins. In most indsipplications most especially oleochemical indes, Refined,
Bleached and Deodorized (RBD) oil are used. Heramapver of pigments, and other various trace cusits of
the oil is one of the major steps in the vegetallleefinery and it is best perform by adsorptiongess.

Adsorption is a separation process in which a sdlut liquid is deposited at surface of a solithied the adsorbent
[3], [4]. It could be physical or chemical deperglimainly on the interaction between the solute guedsolid. At
ordinary temperature, physical adsorption predotamand results from intermolecular forces whileelgtvated
temperatures, chemical bond are either brokeneated due to the increase in activation energyfemd the bases
for chemical adsorption commonly referred to cremptions [5], [6], [7]. Adsorption is indicativa imost natural
physical, biological, and chemical systems, andidkely used in industrial applications [8].

Adsorption is usually described through isotherthat is, functions which connect the amount of #olst® on the
adsorbent, with its pressure (if gas) or conceiotnaif liquid). Various isotherms developed incksd Langmuir,
Freudlich, Multisite, Lattice gas and Bet Isothel®is
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The mechanisms for the adsorption in oil bleachmtystry are different and diverse [2]. Noorlid®] in his work
found that the removal of carotene from palm olédree miscella by activated rice hull was due tonziserptions.
Proctor [11] concluded that adsorption of luxeionfr soy/hexane miscella on rice hull ash was a physidsorption
process while that on activated clay was a chenaidsbrption.

Adsorbent is an important filter material for themoval of hazardous components in exhaust gadeguat, for the
purification of drinking water, waste water treatmeor for refining purposes in vegetable oil intlies. It can be in
form of activated carbon, carbon nano-tubes, sidiebor activated clay [12], [13], [14]. Becausetlodir wide range
of use, the demand on adsorbent is high and wélin future.

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

unactivated oyster shell as adsorbent in vegetaibleefining. This will reduce the amount of soldaste in the

environment and consequently produce raw mateoalimdustrial use.

2. MATERIALSAND METHOD

21 Materials

Oyster shell was obtained from Kuatan, Malaysialevthie palm kernel oil was obtained from Nigeriatitute for
Palm Oil Research, Benin Nigeria. The reagents irsgdde sodium hydroxide, sodium thiosulphate oty starch
solution, glacial acetic acid (2 %), potassium égiethanol, phenolphthalene (indicator) and hylos acid (0.5
M). All the reagents are of analytical grade. Thajan equipment used are: Electric furnace, elecvien, water
bath, Atomic Absorption Spectrophotometer, Fieldig€sion Scanning Electron Microscope, Colorimetét, peter
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 maintain€® 4C for 24

h. This was followed by crushing with mortar angt® 200 g of the crushed oyster shell was mattesiurry by
soaking in 0.1 M KSQ, The resulting mixture was heated at 100 °C to dsyras acid activated oyster shell. Dried
acid treated oyster shell was calcined at a tenyperaf 400 °C in an environmentally controlledrface for 1-hour
and allowed to cool. The calcined activated oyst@ll was washed in a filtration set to remove résdual acid
using distilled water. The residue was dried, ptibel and sieved as the activated adsorbent prdducm oyster
shell. UN activated adsorbent was made by calcigatie raw oyster shell and then pulverized angesie

2.2.2  Scanning Electron Microscope

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

2.23 Degumming of Crude Palm-kernel Oil (CPKO)
250 ml of crude palm kernel oil was measured infoliter beaker and followed by addition of boildidtilled water
(300 ml). The mixture was mixed vigorously in theaker (1liter capacity). The entire mixture was neduin a

separating funnel to remove the gums. The processcarried out three times to ensure complete rahaiall the
hydratable gums [15].

224 Neutralization of palm kernel oil



111  Neutralization of PKO was carried out by additmf8.0 ml of 0.5 M NaOH solution into 1200ml of degmed oil.
112  The mixture was mixed thoroughly in a beaker. X ganmon salt was added to facilitate the sepanatfoneutral
113 oil and the soap formed. The neutral oil was fitefrom the mixture using vacuum filtration set.

114

115 225 Bleaching of Palm Kernel Oil

116

117 35 g of the degummed and neutralized PKO was medsnto a beaker of 250 ml capacity. This was feéd by
118 addition of the activated oyster shell (10% weighbil) into the oil. The mixture was heated in ater bath at 120
119  °C with continuous stirring for 20 minutes. Aftéietadsorption period, the mixture was filtered Hrelbleached oil
120 collected. The percentage color reduction was tatled by using the Equation 1. This same procedas adopted
121  when un-activated adsorbent was used. The coll@iteghs then subjected to various analyses.

122

123 226 Deter mination of Percentage Colour Reduction (% CR)

124  The percentage colour reduction of the oil afteabhing was determined using colorimeter (Uniscp&;3004). A
125 full absorption spectrum was made between 420 nch@#® nm. The result showed that maximum absorption
126  occurred at 530 nnThe absorbance of the samples was determined ahde@num absorbance wavelength (530
127 nm). The samples were diluted in n-hexane in trapgnrtion 0.1g of oil to 2 ml of solvent [16]. Théehching
128 capacity of the adsorbent was determined usindolleving relation:

130  %CR =

Aby —Aby
—— 100 (1)

o

132  Where Al andAb, represents absorbance of the crude palm kernahdibleached palm kernel oil respectively.
134 227 Determination of Freefatty Acid (FFA)

136 Acid value and free fatty acid content of the @fdre and after bleaching was determined usinigntttric

137 method [17]. Oil sample (2.5g) was accurately weajin a 250 ml conical flask and 50 ml of etharmad 4ml of
138 phenolphthalein was added to it. The mixture watetdor 2 minutes and titrated while still hot @ust standard
139 potassium hydroxide solution (0.1M) in a 25 ml bteeunder rigorous shaking until the persistencehef pink
140  colour for about 15 seconds. The acid value wasutated from the amount of titrant used using tbkowing

141  relation.

142

143 Acid value = 25011 2

144  Where, V is the volume of Potassium hydroxide useul, N is the exact molarity and M is the maasgi of oil
145 sample.

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

147 % Free fatty acid (FFA) = 0.503 X acid value (3)

148

149 228 Determination of lodine value

150

151 The iodine value of the oil was determined usitrintietric method [18]. Oil sample (0.1 g) was weid into a 300
152  ml stoppered flask and 20ml of carbon tetra chiorichs added. The oil was allowed to dissolve. kdiromide
153 (25ml) was also added and the stopper was insageaih. The mixture was gently shaken and kepteénddrk for
154  1hr. Potassium lodide (20 ml) and 150ml of wates wdded to the mixture. The mixture was then &ttagainst
155 standard sodium thiosulfate (0.1 M) until the yelloolor due to iodine as almost disappeared. Adeps of starch
156 was then added as indicator and the titration wastimued with rigorous shaking until the blue calgust
157 disappeared. The iodine value was calculated franfdllowing relation:

(b—a)*0.01269%100

(4)

159  iodine value = ——
weight (in g)of substance
160  Where, a is the number of ml of sodium thiosulphhtis the volume of titrant in ml.

164
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229  Effectiveness of adsorbents produced using adsor ption isotherms

The adsorptive bleaching was carried out usingstardard procedure. The mass of adsorbent wagivagieveen 1
to 3% of PKO (w/w). The results were subjected rieulllich and Langmuir adsorption Equations giveEguations
5 and 6:

Log q. = nlogC, + logk (5)

Lo 1y le (6)
de quL Am

Where, ¢ gm K_and G, are the amount of solute adsorbed on the adsbabeguilibrium, maximum adsorption
capacity, constant related to the free energy sbiation and equilibrium concentration of the selit the bulk
solution.

3. RESULTSAND DUSCUSSION

31 Microstructure Analysis of the Oyster Shell Sample

Figure 1 (a), (b) and (c) show the micro-structunahges of the raw oyster shell, calcined or umvatéd oyster
shell and acid activated oyster shell. It is cheatiown in Figure 1 (a) that the oyster shell snptire natural form
exhibited a coarse micro-structural image. ConmggFigure 1 (a) with (b) and (c), it was observeat the image is
less coarse after calcination and became finer atiel treatment. This is an indication that treatment had effect
on the microstructure and possibly more surface avkich will definitely enhance adsorption of pigméo the
surface of the adsorbent. However, adsorption éxget shows that the calcined oyster shell was redfiective
than the acid activated oyster shell. This may tébated to the effect of acid attack on some\&csite on the
surface of the material. Washing of the activatgster shell after acid treatment may also be aritmrtory factor
for the decreased efficiency.

!
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Figure 1 (a): Raw Oyster Shell
Shell (100&)

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 3 g (10% mass of the Pl@d this corresponds to the maximum of 96.97%aDR
94.44% respectively at the same quantity of adsarbeoint “A” in the Figure, where the two plotsténsect
signifies a point where either of the adsorbentegiequal %CR. This implies that above 2.5g (8.38é6s of
PKO), un-activated oyster shell has a better gdor capacity than acid activated one and shobétefore
recommend for such process for economic reasomté&ebktudy on PKO bleaching using acid activatedl shell

shows that a percentage colour reduction of 88 % aehieved when bleaching was carried out at 128rC20
minutes [19]. This further indicated that the attemt produced in this research is more suitabl®KD bleaching.

33 Physicochemical Properties
Table 1 shows the physicochemical properties alem®KO 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 that most of the propertiesréases after
treatment with adsorbent.

Table 1: Physicochemical Properties of PKO Beforg After Refining

Oil Propertie:
Material/Adsorbent Acid value (mg/kg) % FFA 1V (mg/kg) Colour
Crude Oil 7.74 3.88 16.6 Light brown
PKO + COS 6.72 3.37 16.5 Light brown
PKO + UOS 4.4 2.21 13.69 Light yellow
PKO + AOS 6.4 3.22 16.49 Light yellow

COS = Crude Oyster Shell

UOS = Unactivated Oyster Shell
AOS = Activated Oyster Shell
IV = lodine value

FFA = Free fatty acid
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233 34 Acid value (AV)

234  The acid value (AV) is the number of milligramsaikali required to neutralize 2 g of fat or oil.détermines the
235 level of saturation or unsaturation depending om type of fatty acid present in the PKO. From thbld, an
236  appreciable reduction in the AV is observed wheth hm-activated and activated oyster oil was usetthé refining

237  process but un-activated oyster shell is more #ffeavhen compared with activated sample with 4a40 6.40
238 mol/Kg AV respectively. This is an indication thapart from color removal, un-activated oyster sipetforms

239  better in terms of acid reduction when comparedh aitid treated sample. This could be traced taebilual acid
240 used for activation that could be added to the fadty acid in the PKO. A similar study on PKO kdbing using
241 alkaline activated clays indicated that the acith&avas reduced from 6.0 (untreated oil) to 2.2 ar8dmol/kg for

242 NaOH (0.5 M) activated clay and KOH (5.5 M) actiaehtclay respectively [12]. This indicated that Hwtivating

243  agent used for adsorbent treatment affects thevadiek of the treated oil.

245 35 lodine value (1V)

246 A higher IV usually indicates problems with fractation process and the yield of palm kernel stgaflie result as
247  indicated in the Table 1 above shows a sharp remu¢from 16.50 to 13.69) in the IV when un-actaetoyster
248  shell was used but no significant effect was obs@rwhen activated shell was employed in the process

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

251
252 36 I sotherms Studies
253 Freundlich equation is useful in color measurenantong as the units of measurement are addiéimds

254  proportional to the actual concentration of colgrimaterials in the oil [2], [3]. Table 2 shows ccamgd the
255  Freundlich adsorption constant (n and k) for bdth activated and un-activated oyster shells. Treoration
256 constants were estimated by plotting lav@rsus In g The n and k values as determined from the slopktiae
257  intercept of the graph respectively for un-actidateas 0.3158 and 0.461while for activated was 12 £®1 -0.4881
258  High n-value (12.824) in activated oyster shelligatied that the un-activated shell proved to beenedfective than
259 activated one. This is because n-value determineségree of decolorization within which the adsottexhibit its
260 greatest relative effect. If “n” is high, the adsent is relatively inefficient as an agent for effeg high degree of
261  decolorization, but for low n-value (<< 1), revetisethe case [20] [21]. The linear coefficient’Bhows the fit
262  between the experimental and calculated valuebeftodels. However, k value is just a general oreasf the
263 activity of the adsorbent, the negative value ofstdifor the activated oyster shell is also an mibn that
264  unactivated oyster shell is more efficient [8].

265 The Langmuir isotherm model was also used toHh# &adsorption of pigment on the adsorbent. The
266 linearized model (Type 1) was used to estimatentbelel parameters,,gand K. The Langmuir parameter were
267  estimated by plotting the L&, versusC,. The calculated parameters from the plots are showhable 2. The
268 maximum adsorption capacity,q (0.14488) for the unactivated oyster shell is higtiean the g (-0.08356)
269 activated oyster shell. This shows the effectiverafthe unactivated oyster shell over the activatgster shell.

270 It is obvious from the two isotherm models fittdat the unactivated oyster shell is more effectian the
271 activated oyster shell. However, the best fitteddetowvas chosen to be Langmuir model because dfigfser
272  correlation coefficient (0.9749) compared to Frdiadisotherm model (0.9343).

273
274  Table 2: Isotherm parameters
275
Langmuir Isotherm Freundlich isotherm
Parameters | 4 K, R n K =3
UuoS 1.4488 9.804 0.9749 0.3158 0.461 0.9343
AOS -0.08356 -0.8882] 0.9762 12.824 -0.4881 0.990p
276
277
278

279 Conclusion



280 Adsorbents have been developed from oyster shéliguacid activation and carbonization in the preseof

281 Nitrogen as a purging gas. SEM images showed a dlistinction in three samples on visual observatibhe

282  effectiveness of the adsorbents produced was testd®KO and the un-activated oyster shell has battsorption
283 capacity compared to acid treated oyster shell @ndie oyster shell. This result was substantiatgdusing

284  Freundlich and Langmuir adsorption isotherms wigjalie better adsorption constant in favor of uivatéd oyster
285  shell. The best isotherm model that fits the adsampexperiment is Langmuir isotherm model. Basatmse facts, it
286 s therefore concluded that oyster shell (solidtejasan be effectively used as a raw material iergroduction of
287  adsorbent.

288
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