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ABSTRACT

Animal bone has been utilized to produce adsorbémtshe decolourization of palm oil. The bonesdisee
chicken, dog, goat and cow bones. The bones webemnized at a temperature of 4@in a muffle furnace for one
hour in the absence of air. The residue was thenigad to a fine particle size of 212 um for each@amChemical
activation with 250 ml of 2 M Hydrochloric acid (HjGvas then carried out with further processingdbtain
activated carbon from each sample. From the chaxation, the following parameters were determinash
content, moisture content, yield charcoal, fixedboa, pore volume and bulk (apparent) density. @llsorption
capacity of the activated carbons was tested orbtbaching of palm oil. The following analyses weagried out
on the bleached oil: iodine value, saponificati@ue and acid or free fatty acid value. The rateadburation was
determine using a colorimeter in which chicken bwmes found to be 275, goat bones was 268, dog Wwase261
and cow bones was 220 compared to the colour obithgefore bleaching which was found to be 279w@mnes
had the lowest value for colouration which shovesrfrthe result obtained that activated carbon frayw dones is
more effective in reducing acidity content of palifrthan those of chicken bones, goat bones andodogs.
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INTRODUCTION

An adsorbent is a substance usually porous in @and with a high surface area that can adsorliandesonto its
surface by intermolecular forces [1]. Due to thet fdnat solutes can be distributed between therbdsb surface
and a mobile phase, adsorbents are used as stgtiphases in gas-solid and liquid-solid chromatpbya
Adsorption is the collection of substance unto fiiee of the adsorbent solids. It is a removal peda which
certain particles are bound to an adsorbent pariatface by either chemical or physical attracaod is often
confused with absorption where the substance laisgrbed penetrates into the other solid[2]. Thid sarface in
contact with a solution has the tendency of accatng a surface larger to solid molecules becaudsth®
difference of surface forces. Therefore, this cawseadsorption to take place, the adsorptiontrasthe formation
of a molecular layer of the adsorbate on the sarfaicthe adsorbent. Often an equilibrium conceiutnais soon
formed at the surface and is normally followed Bbgws diffusion onto particles of the adsorbent [Jlhis

phenomenon involves accumulation of substancetatfate which can either be liquid-liquid, liquidsy gas-solid
or liquid-solid. The substance performing the agton (solid, liquid, gas, amorphous) is the adsatb the
adsorbate is a mixture of substance or solutiomloich the adsorbent is used. Many solid substaase&nown to
possess this power of attracting and retaining cubéeor ion upon surface on exposure e.g. activeleeg fuller's

earth, silica gel, activated carbon, bauxite anivaied alumina etc. The best one among these andes is the
activated carbon, produced from organic base nahterich as coconut shells, palm kernel shells, wcags,

animal bones, corn cobs, rice husk, etc. The rauemads are carbonized to obtain the char or caabeous
material, which is activated to the highly porousaf product. The knowledge that carbon produced by
decomposition or wood can remove colouring matfiens solution dated back to the 15th century. Themercial
application of this property was made first in 1%@den charcoal filters were made first in the BttRefinery and
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today it gains prominence in decolourization ofnpabil to better quality, flavour and removal of adofor
production of edibles.

Animal charcoal also known as bone black, bone ohabaiser, is a granular material produced byrgiganimal

bones. Animal bones are part of the compositefthat the body of animals; it basically gives shape support to
animals (Skeletal systems). It contains about 1€a%on, the remainder being calcium and magnesdini4) and
other inorganic materials present in the bonesAd]mal charcoal possesses a higher degree of i@maoloring

matters from solutions; charcoal is used in adrafving in form of fine, compressed and powdereatabal [5].

Carbonization is the term for the conversion ofaaganic substance into carbon or a carbon contirgsidue
through pyrolysis or destructive distillation. & @ften used in organic chemistry with referenctheogeneration of
coal gas and tar from raw coal. Fossil fuels inegahare the products of the carbonization of \aget matter.
Carbonization is often exothermic, which means thabuld in principle be made self-sustaining dedused as
source of energy which does not produce carbonabox

Activated carbon is a form of carbon that has he®mtessed to make it extremely porous and thusve h very
large surface area available for absorption or déb&inreaction. Almost any carbonaceous materiahinal,
vegetable or mineral origin can be made into atgivaarbon when properly treated e.g. from animalkels, wood,
corn cobs, coffee, beans, rice husks, fruit pests rauts shells and minerals such as peat, softhardi coal tar,
asphalt, phloem residues and carbon black [6]. §hdbere are many commercially available activatadons,
these are still quite expensive [7, 8]. Variouseegshers [8-14]have carried out studies for singalifand cost
effective methods of activation carbon. The mosieli used activation carbon process are the tredtofethe
carbonaceous materials with oxidizing gases sudiirasteam or carbon dioxide and the carbonizadiothne raw
materials in the presence of chemical reagents aschinc chloride, magnesium chloride, calcium it or
phosphoric acid. The surface area per gram of aarbdnt is called the ‘specified surface area’ivicadsorbents
have a very high surface area, the surface phereradsorption was discovered in 18th century by &ehin
Sweden. Zelmsky used this principle to design angask for protection in war. Substances that redlieesurface
tension or solvent are called surface active substar surfactant. The limiting value of reductisrcalled ‘surface
activity’ [15].The primary use of activated carbisrin removing pollutants from air or water strebath in the field
and in industrial process such as spill cleanupugd water remediation, portable water filtratiovaste water
treatment etc. Among the literarily hundreds ofeothises are agents in gas masks, pollution codénates such as
car catalytic converters and flue gas desulfurirafil6]. Activated carbon is also used to remov&ipiele residues
[17].Modified activated carbon derived from the de®f widely available plant source Bfartynia annua L and
Xanthiyam strumariurto study the physic-chemical properties of the@gtural waste [18].The removal of copper
(I from aqueous solution using palmyra palm rRPN) as potential raw material for the preparatibactivated
carbon was also investigated. It was discoveretttieapercentage of Gladsorbed was found to be dependent on
adsorbent dosage, pH and particle size [19].

The oil palm produces two main types of oil; thd ml from the mesocarp and kernel oil from thedsg9]. The

pulp contain about 50 % oil which is light yellow tted in colour, the colour being due to the presasf carotenes
in palm oil contains high concentration of B-carmeequivalent to about 10 mg of vitamin A per 100The

presence of B-carotene in palm oil is importandieg but undesirable in other uses of palm oil.Pailns composed
mainly of palmitic acid and oleic acid hence, sated and unsaturated fatty acids roughly in equapgrtion. Fat
and oil obtained in both plant and animal are sesiraf esters. Esters are very important compoundatare

responsible for favourer of many fruit and smefiflowers and they are formed from alcohol propang, 3- erol

(glycerol) and carboxylic acid with long carbon th&sters formed in palmatic acid and glycerol asda palm

oil. Fat is solid at room temperature while oiliggiid. The unripe fruit have low oil content andhigher proportion
of free fatty acids. Palm oil should not containrendhan 3 % - 8 % free fatty acid [21]. Decoloutiaa is a

bleaching action that involves a process calleddggtion’ in Chemical Engineering. Crude palmanild fat are
decolourized to remove free fatty acids and phagphad other gummy or mucilaginous materials anidnforove

the colour, the method of decolourization of oibigginally known which include heating, chemicedatment and
bleaching.

2. THEORY
2.1 Ash Content Determination
The ash content is determined using the equatitowbe

(W, — W5)/W, x 100 (1)
2.2 Moisture Content Determination
Below is the formula used in the calculation of theisture content.
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(W, — Ws)
— 2% 100 (2)
W, — W)
2.3 Yield of charcoal
The yield of charcoal was obtained by using thenfda below:
WO—AC+MCX100 5
W ¥

2.4 Fixed Carbon Determination
The fixed carbon was obtained using the formulaWwehssuming sulphur content was negligible ircafies.
Yo, —AC — MC
—— x 100 (4)
ch
2.5 Pore Volume Determination
The pore volume of the adsorbent was determinedjube formula below.
(Wr = W) ,
—w X density of water (5)
1
2.6 Bulk Density Determination
The bulk density was determined using the formela.
Weight of sample

Weight of equal volume of water (6)
2.7 Acid Value Determination
The acid value of the bleached oil was determirgdg.ithe formula below.
Litre value x 0.1 MKOH X 56.1
Wel (7)
eight of sample
2.8 lodine Value Determination
The iodine value of the bleached oil was determimgidg the formula below.
(B—S)x N x0.126 100 o
Weight of sample % (®)
2.9 Saponification Value
The saponification value of the bleached oil wagaeined using the formula below.
(B—S)x0.5%56.10
100 9)

Weight of sample

Where,W,is the original weight of dry sampl&;is the weight of the beakel, is the weight of crucible + dry
sample and¥;is the weight of crucible + heated sampg;is the Final weight of sample + beak#f, is the Initial
weight of samples + beakdcis the Ash contentM(C is the Moisture conter,,is the yield of charcoalis the
value for the blank sampléjs the sample investigatetijs the concentration of sample. The Density of wide
taken to be equal tol g/ém

MATERIALSAND METHODS

3.1 Materials

The apparatus used for producing activated carlbom fanimal bones and its characterization, actwatnd
decolourization performance are: Sieve, furnacakées, colorimeter, desiccator, crucibles, filtaper, water bath
and burette. The reagents used are: chloroformplpam ether, hydrochloric acid, sodium hydroxide @alm oil.

3.2Methods

3.2.1 Carbonization and activation

The bone samples collected were washed in wategnmve sand, dirt and flesh and sun dried. The Eamere
placed in different large crucibles and the setvas kept in a muffle furnace at temperature of’@0fr one hour
in the absence of air, after which they were rerdoared kept in a desiccators to allow them cool drield. The
carbonized bones were then crushed in a mortalptawkd into flat mug cubs for each samples. Theardazed
bones were then activated by measuring 200g ofriliehed sample into a beaker which was then madesinng
with 250ml of 2 M Hydrochloric acid (HCI). The rd8og mixture was heated for one hour, the samps then
filtered off and washed with distilled water to rewe the acid on the surface of the sample anddhied in an oven
at 80C for 24 hrs. The dried sample was sieved for aired size i.e. 212 micros and was kept in a strejl This
procedure was done on all carbonized bone sample.

3.2.2 Characterization of the activated Carbon
This involves the justification and specificatioh sbme parameters in activated charcoal which ahecantent,
moisture content, fixed carbon, yield charcoalkliénsity and pure volume.
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Ash Content Determination

2 g of dry activated sample was placed in a cre¢ibveight of crucible plus dry sample was noted immbrded as

W,. The sample was then placed in a furnace atetimpérature of 456C for 6 hrs. After which it was removed,
placed in a crucible and its content reweighed @udrded as Wand the process and the process was repeated
twice for all activated carbon simple to get averagh content value.

Moisture Content Determination

5g of sample was weighed into a crucible and thigllweof sample plus crucible was noted ag thé sample was
kept into an oven at 180 for 24hrs. After which it was removed, was theéacpd in a desiccators and allow
cooling. The sample plus crucible was weighed agahit was noted as W was repeated twice for all samples to
obtain average moisture content value.

Pore Volume Determination

2g of activated carbon was weighed into a beakdrth@ weight of sample plus beaker was noted as50inl of
distilled water was into the beaker containingdhg sample and the mixture was boiled for 15minutdter the air
in the pores has been displaced, the sample wasedrand the dried superficially and weighed. Theght was
recorded as Wand procedure was repeated twice.

Bulk (apparent) Density Determination
The sample was poured into a cylinder of 10ml ardytit of sample plus cylinder was recorded gs W

3.2.3 Refining and decolourization of palm oil

Degumming of Crude Palm OiIl

180g of palm oil was put into separating funnel 83d of boiling distilled water added to the oidahwas shaken
vigorously for about 7 minutes. Two layers wereait¢d, since the water and gum are denser thatheibil settles
above the water. The water and gum were decantethdfthe de-gummed palm oil was obtained.

Neutralization of Crude Oil
4ml of 0.5 of sodium hydroxide (NaOH) was addedh® de-gummed palm oil. The mixture was well stiresnd
vigorously shaken; it was then filtered off to dhtaeutralized oil.

Absorptive Bleaching

The bleaching was effected in a test-tube, providith a stirrer placed in a water bath. The watghlwas kept at a
temperature of 1€ throughout the process. 11g of palm oil was weibinto four different test-tubes and 1.1g of
activated carbon samples was poured into the diéntest-tube and the contact time was kept atir8@es. The
mixture was stirred, decanted and analysed.

3.2.4 Characterization of Refined Oil

Acid Value Determination

1ml of decanted oil from the activated carbon wassured into a 250ml conical flask. Ethanol andopeim were
mixed in the same ratio i.e. 1:1 (50ml of ethanudl &0ml of petroleum ether). 100ml of mixture ofiatol and
petroleum ether, they are neutralized solvent. 2®fmlabove mixture was added to each samples and a
phenolphthalein indicator solution was added. Téaent was titrated with 0.1M of potassium hydrexichtil pink
colour is observed.

lodine Value Determination

0.5ml of oil sample was measured into a conicakfld5ml of chloroform was added and shaken vigslsoWiji's
solution was also added and stirred; it was kemark place for 30 minutes. After which the iodiwas being
added. 3 drops of starch solution was added torilvure which serves as an indicator and was theated with
sodium thiosulphate until a colourless solution whserved. The above procedure was done on eagliesam

Saponification Value

1ml of oil sample was measured into a conical fl&&kml of alcoholic potassium hydroxide was addedhe
sample. It was heated for 30minutes and 1ml of plpdmthalein solution was added as an indicatorthadsolution
was titrated with 0.5M of hydrochloric acid. Theoale procedure was done on each sample.
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Figure 4: Saponification value of the bleached oil
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Figure5: Acidity value of the bleached oil
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Figure 6: lodine value of bleached ail
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RESULTSAND DISCUSSION

Details of results obtained are shown in the apperfdgure 1 shows the characterization of actigtatarbon
produced from cow bones, dog bones, goat boneslinken bones respectively. Bones was carbonizd@@iC
and sieved with particle size of 212 pm, it wasestsed that activated carbons from cow bones leabdht values
in its ash content (10.75 %), moisture content @) pure volume (0.30), yield charcoal (96.58 %} dixed
carbon (84.83 %). Hence, the most effective adsarimeist posse’s low properties of ash content, tma@scontent
and pure volume. Higher are the property yieldstadrcoal, fixed carbon and bulk density. The highersurface
area and the carbon content,themore effective ttwated carbon produced. Figure 2shows the ratehef
bleaching performance of the samples. The adsofbent bones) gave a better bleaching of 220 (pt-cmnpared
with the colour of raw oil before bleaching of ab849 (pt-co), the dog bones of 261 (pt-co), gaatds of 275 (pt-
co) and chicken of about 275 (pt-co). The samplh wie lowest number of colouration shows a bditeaching
capacity in which cow bones produced the lowesbiouration.Figure 3 describes the rate of thetilelaontent of
the bones samples, 85 % for chicken bones, 74.8r%gdat bones, 63.1 % for dog bones and cow boasghe
lowest volatility of about 51.3 %. Figure 4 is teaponification value of the bleach sample, withckbh bone
giving the highest value of 162.69, followed by gbanes of 131.84, dog bones of about 126.23 andhas the
lowest saponification value of 106.59.Figure 5 shdine acid value of the bones, which shows that lsome has
the least acid value, and thus of better qualityufe 6shows the iodine value of the bleachedroiiich chicken
bones has the lowest value of iodine 21.573 and lsomes has the highest value of iodine 25.33. Hsalts
obtained depicted that the cow bone is richer dinie content.

Table 1: Summary of the characterization of activated carbons produced.

Activated carbon Cow bone Dog bone  Goat bone Chicken bone
Weight of samples (g) 2 2 2 2
Particle size (Lm) 212 212 212 212

Ash content (%) 10.75 19.00 26.75 23.75
Moisture content (%) 3.9 4.5 5.4 97

Yield charcoal (%) 96.58 92.75 89.33 92.8
Fixed carbon (%) 84.83 74.56 64.01 64.02
Pore volume 0.30 0.38 0.52 0.46
Bulk density 2.56 2.24 2.32 2.32

Table4: Resultsfor Saponification value of the bleached il

Activated carbon Mass of sample used(g) °litre value(ml)  2%litre value(ml)  Mean litre(ml) Saponification value

Cow Bone 1.00 12.60 12.80 12.70 106.59
Dog Bone 1.00 12.00 12.00 12.00 126.23
Goat Bone 1.00 11.70 11.90 11.80 131.84
Chicken Bone 1.00 10.60 10.80 10.70 162.69
Blank 1.00 16.40 16.60 16.50

Table5: Resultsfor acidity value of the bleached oil

Activated carbon  Mass of sample use(g) ®litte value(ml)  2°litre value(ml) Mean litre value(ml) Acid value

Cow Bone 1.00 8.30 8.10 8.20 46.002
Dog Bone 1.00 8.70 8.50 8.60 48.246
Goat Bone 1.00 9.00 9.00 9.00 50.490
Chicken Bone 1.00 9.30 9.50 9.40 52.734

Table6: Result for iodinevalue of bleached ail

Activated carbon Mass of sample used (g) °®litre value(ml) ~ 2°litre value (ml) Mean litre value(ml) |odinevalue

Cow Bone 1.00 43.40 43.60 43.50 23.38

Dog Bone 1.00 44.00 44.00 44.00 24.11

Goat Bone 1.00 44.40 44.60 44.50 22.84

Chicken Bone 1.00 45.00 45.00 45.00 21.57

Blank 1.00 53.40 53.60 53.50 _
CONCLUSION

The results obtained from the research conductiedtie production, characterization and analysiadsorbents
obtained from the animal bone showed that they rteestandards for use as commercial adsorbenttsregards
to the yield charcoal, moisture content, fixed carland pore volume. Cow bone showed the lowest yatene of
0.30, showing its greater adsorbent quality. Furttoee,the bleaching capacity of activated carbadpced from
cow bones gave the lowest value of 220 (pt-co)mpmared to the values obtained from the chicken &ogeat
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bones and dog bones, which shows that is moretiefeia the decolourization of palm oil. Therefotke activated
carbon from cow bones is more effective than tHos® dog bones, goat bones and chicken bones.
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