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Abstract

This study investigated the rate of diffusion on the extraction of palm kernel oil using various solvents, namely, n-hexane, Benzene,
Trichloroethylene, and Carbondisulfide. The solvents and the extracted palm kernel oil were characterized using the AOCS standard
methods, and the results are shown in tables 1 and 2. The palm kernel used in the study was obtained from Akpugo in Nkanu West
local Government Area of Enugu Sate. The effects of extraction time and temperature as well as quantity and nature of solvent were
investigated as reported in figures 1-3. The characterized PKO was used to determine parameters used in establishing the Diffusivity
(6.47 x 10°n/s), which in turn was used to calculate the rate of diffusion,(4.00 x 10’kmole/n?.s), and the coefficient of mass transfer,
(3.2 x 10°kmloe/n.s), all of which conformed to the standard values, [12] ..
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1. INTRODUCTION

Vegetable oils are triglycerides of fatty acid exted from
plants. Such oils have been part of human cultwe f
millennia, (4,000-year old “kitchen” unearthed mdiana)[1].
The term “vegetable oil” can be narrowly definedreferring
only to substances that are liquid at room tempesator
broadly defined[1] without regard to the substanstse of
matter at a given temperaturef3¢nce vegetable oils that are
solid at room temperatures are sometimes callecdtabte
fats. Vegetable oils are primarily extracted froeeds and
nuts, even though it can be extracted from othetspe the
plant.

Since ancient times human beings have known hoextiact
oils from their various natural sources and malemtHit for
their own use. The natives in the tropical regiohthe world
have long extracted these oils after drying thes rautd seeds
under the sun, 4,000-year-old “Kitchen unearthethtiana”
Archaeo News, January 26, 2006, Retrieved 30 -ZiBL3[1].
These oils were consumed raw, since very little nar
treatment was made order than filtration and/oradgation.
Mahatta[2] observed that olive oil was extractedaadack as
3000 BC in ancient Egypt. Vegetable oils are used a
ingredient or component in many manufactured prtsjuc
including soap, candle, perfumes, cosmetics, magar
shortening, hydraulic fluid biodiesel and lubrics[A{.

A large number of articles have been published>iraetion
of oils from their mother seeds and nuts using oexi
methods, and characterization of the extracted [&]sand [6],
noted that mechanical method of extraction, tercrehing
or pressing offers advantage in terms of purityrdkie solvent

extraction method. The oil is conditioned by brimgithe
kernel to optimum condition of moisture in orderotatain the
maximum yield. Roasting is one of the most impdr&aps in
the extraction of palm kernel oil. It serves tgukate the
moisture content, render the cell walls porousfurgthe cell
walls by generating steam within the cell, and cbating the
protein so that filtration is made easy. The mdahimed by
grinding the kernel must not be too wet or too doyas to
prevent imperfect extraction of the oil or poorlglie

Solvent extraction which is essentially a sepamatiwocess
based on apparent equilibrium steps, on the othed loffers
the advantage of penetrating action on the célthe
prepared oil seeds to improve yield tremendously, 4nd is
less expensive. However, the effects of diffusidntie oil
from the main bulk of the oil seed of the ruptucetls into the
solvent in liquid phase, and mass transfer caefit, have
received little attention.[8], have studied the iggtum
condition of expression after a constant presswae Iheen
maintained until no further flow of oil occurred.hdy
considered the quantity of oil expressed as théerdifice
between the quantity originally present and thdtictv
remained in the cake after expression. They nobted &n
increase in pressure on a system of expressibleriaat
considered as a fractional increase over the pusvmessure
causes a proportional increase in the bulk of tiie ortion
of the system. Hence.

dP 1
— =kdps = K'd = 1
P Os (Vj
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or i = kP 2

dwv)
The equation is integrated to get,

LogP = K+£ 3
Vv

Where K k and k , are constant, depending on the nature of
material, and on the expression conditionsis bulk density

of the solid portion of the system, P, the pressand V,
specific volume of the system based on the solidtesd.
Many factors affect the rate at which the oil déf#s into the
palm kernel grit, including time of exposure, natuand
quantity of solvent, and temperature of the system.

A succinct review of published literatures on lidjut liquid

extraction explained the important influence ofveolt nature
on extraction. [9], observed that direct solventrastion is
used for low oil content, (< 20% oil) seed suctsaga bean,
rice bran and dry milled corn germ. [10] experiteehon a
homogeneous oil impregnated material consistingthif

platelets of uniform thickness with two phases l&s total
surface area based on simple diffusion and obsethedthe
theoretical rate of extraction is given by;

n=0
£=8 1 @mr+n/2 D6,
12 [Zo(2n+1) 4R?

Where E is the fractional total oil unextractedtta end of
time, 8; R is one-half of the plate thickness (ft); and dnd
diffusion coefficient in f/hr. Forn = 0, equation reduces to,

b I
n 4R

Or

D
Log,oE =-0.091-1.07—2 6
R2

Trebal,, [11] gave an expression to be used tormhite the
diffusivity of a liquid in another, considered te btagnant as,

_ (117.3x10 8)y(mg )05t
0.6

DA
up
Where D, - Diffusivity of oil, T — absolute temperatufds

is molecular weight of solvent,g¥ molar volume of solvent
 is association factor of solvent, apd - viscosity .

The rate at which the glyceride of fatty acid diffg into
hexane is given by as; [12]

___DbAB [p -
NA 2T ABILM LM)a"(XAl xa2) 8
Wherep - density of oll, anc[XB) .

fraction of the oil and solvent. Perry and Chilt¢h3], also
gave the mass transfer coefficient as;

y is log mean of mole

Na =K 5 (XAl X2 ) 9

Fan, [14] observed two solvent extraction methaadytion
extraction, in which oil is extracted from rupturedlls, and
diffusion extraction, in which the oil is extractellom
unruptured cells. This gives reason for the variatiof
diffusion coefficient with time.

Treybal,, [15], also gave an expression from wheétficiency
can be estimated, namely;

EO = ! 10

1+3.7adh) M
hTp

In the present work, the extraction was carried usihg N-
hexane, Benzene, Trichloroethylene, and Carbonlpdigle,
as solvents. The efficiency of these solvents imseof yield,
suitability in terms of quality, and kinetics ofetlextraction in
terms of diffusion rate were all investigated.

2. EXPERIMENTAL METHODS

The experimental work was aimed at obtaining data,a
practical basis, that would be used in the evadnabf the
diffusion rate. The effects of time of extractidygpe and
quantity of solvent used, nature of the solvent temiperature
of the system on the efficiency of extraction, ever
determined.

The fundamental method of experiment, in this respe to
contact the prepared oil bearing kernel with appate
solvent in order to extract its oil content to aedfied
minimum level. The oil-bearing seeds were pretitédemake
their oils extractable. The oil - solvent mixtufiiscella),
was separated into pure components by distillafloaces of
solvent entrained in the meal were removed by
desolventization, and the desolventized meal waesl dvith
steam, and the last traces of solvent removedrippstg.
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2.1 Extraction of Palm Kernel Qil (PKO) equipment and materials used in the extraction raxgat
include: 600ml glass beakers, laboratory glassilldifn

column, heating mantle, water circulating tube,skis
solvents and palm kernel. The properties of theesits used
are given in table 1[16]

This experiment was carried out with a view to deiaing

the amount of extractable oil in the representasiamples of
PKO grit, Thefollowing parameters were determined; Percent
weight of drained solution (extract), percent weigh the
cake, amount of oil in the extract, amount of ethined in the
cake, and quantity of solvent used in the extractibhe

Table 1 Characterization of Solvents used in the Extraction

Oil Seed Specific Specific Latent Vapour Toxicity Boiling
Gravity at | heat per | heat per | pressure at | limit, at | point,
15°C litre litre 20°C(mm) 20°C °C
(mg/md)
N - Hexane 0.680 0.358 54 88 10.80 68.60
Benzene 0.700 0.360 56 80 10.80 60.70
Carbon disulfide 1.292 0.310 112 298 1.50 46.26
Trichloroethylene 1.489 0.327 84 70 11.00 87.00
Sample Preparation: 100g of PKO seed, were cleaned, latter was stoppered with rubber bung which hag folthe
roasted in seed cooker, and ground. center where glass tube of 15cm long was insedeeiktend

into the mass of the sample. This tube served #s dmvent
Experimental procedure: The experiment was carried out by delivery as well as stirrer. The separating funmas clamped

using the method of [17],as follows: to the retort stand, and 50ml of n-hexane was addadually
100g of palm kernel grit, was charged into eact6@dcn? over the bed of the sample, with occasional stiriising the
beaker in separate experiments, and 130efmn - hexane glass tube. Equal volume samples of extract wetkdmawn
gradually added with stirring. The mixture wasdiitd and the at 20 minutes interval by means of a pre-weighedroni
filtrate (the miscella) was collected at intervaldarecycled. boiling flask which was connected to the microditlation
This process was repeated many times, withoutsh fselvent unit which distilled the oil hexane solution (milag at 20°C
charge. The miscella was collected in a beakerhatlast over a heating mantle. Solvent was recovered by
stage. This process was repeated for each of thergs, and condensation and the boiling flask was obdte a
the results reported in figures 1-3 desiccator and reweighed. Temperature was varigdekea 20

and 56C, Time , 20 to 120 min. and quantity of solvemnfr

W, =W, 50 to 250ml.

CalculationW,, = 11

G

Extraction time: The aim was to determinethe time
required to reduce the oil content of the givenseiéd sample
to minimum. In the experiment, temperature and tted oil
seed were kept constant while time of extractiod amount
of solvent were varied proportionately according ttee
following sequence: 20 min to 50ml; 40min to 10080min

Where W, - percent weight of oil extracted, \W the weight
of extract, and,W.the weight of solvent, G-weight of palm
kernel grit used.

2.2 Determination of Resdual Oil in Cake to 150ml; etcetera. The amount of oil grit used Wasgms
The aim is to determine the amount oil that remainshe and the solvents were used in turn. The resultgaren in
cake after extraction. This is useful in sizing ragtion figure 1.
equipment. The equipment and materials used inglude , ] _ _ .
separating funnel, stop watch, retort stand, mbmiting flask Quantity of solvent: The aim of this experiment was to
for distillation, thermometer, heating mantle, glagool, palm determine the amount of solvent required in ordestitain the
kernel grit sample and solvents. lowest possible level of oil in the residue. Extraic time was
kept constant at 60min, and temperature was maedai
Experimental procedure: Glass wool was inserted into a constant during the test. The results are givdigure 2
separating funnel to plug the liquid outlet and nipr . . .
somewhat, a false bottom. 100g of the oil-beariratenial Solvent Temperature: This test was camed out to determine
(palm kernel grit) was placed at the base of tmaél, and the the temperature of solvent that would give the bestlt. The
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condition under which it was done were: Solvent nijiy
250ml; sample used 125gms and extraction time, 20m
Temperature was varied from 20 to°G60 The results are
given in figure 3

Nature of solvent: This was aimed at ascertaining the
dissolving power of the solvent. The temperature thod
system was kept at 245, and Extraction time was 4hours,
while other conditions of weight and solvent quinti
remained constant.

2.3 Characterization of Extracted Palm Oil:

The raw palm kernel oil was characterized so adetermine
its physical and chemical properties, and hencdehel and
extent of refining required in order to stabilizeetquality of
the final product. The properties of the oil thateres
determined includecolor, melting point, specific gravity,
refractive index, moisture content, (Ppm), FFA(%),
PV(m.eqg/kg), AV(m.eq/kg), Fe(Ppb). These were dbwye
using the American Oil Chemists Society (AOCS)ndtad
test methods.

2.3.1 Specific Gravity:

The Methodof the AOCS, Cc 5 — 25, [18]was used. Specific
gravity of a raw oil sample is the ratio of densif the oil
relative to that of water. It is a measure of gl of purity of

an oil sample, since it involves conversion of vo&i into
weight. The aim is to determine the level of adualtien in a
given sample of ail.

Procedure: 100g of the raw oil sample was heated to a
temperature of 5€ and weighed. It was then introduced into
a known weight of density bottle and the bottle eghed.
The oil was removed and the density bottle washerbughly
with detergent and rinsed with distilled water teoid
contamination. It was then refilled to the sameelewith
water and the weight taken. The specific gravitysviaen
calculated as;

Densityof oil at509C

Sp.gr.=
Densityof equalvolumeof water ats9¢c
12

2.3.2 Refractive I ndex:

The Method of the AOCS, Cc 7 — 25, was used. Re¥mac
Index is used to determine the angle by which arbeflight
is bent when passing through a thin film of meltdor oil. It
helps to check the quality in terms of purity ofthaw oil
sample.

Procedure: 5 drops of melted raw oil sample were placed on
the face of a prism block. The latter was closed tightened

firmly. The temperature was maintained at°@0 The
illuminating light in the refractometer was adjubteuch that
the field dwindling line was coincident with theoss line. At
this setting, the reading on the gauge indicatedréfractive
index of the oil sample.

2.3.3 Moisture Content:

The Method of the AOCS, Cc 4 — 25, was used. Moésin
raw oil sample causes hydrolysis of the sample, thiglin
turn aggravates rancidity and oxidation at highgeratures.
The result of oxidation is the formation of hydrgeroxides
and other cleavage products like aldehydes andn&sto
Experiment is aimed at determining the amount otewa
contained in a given sample of raw oil as impurity.

Procedure: 10g of the raw oil sample was weighed into a
beaker containing stirring rod. The beaker, witk #tirring
rod, was weighed empty and also with the oil sampésating
was done using the Bunsen burner, and drops obreatere
gradually added to accelerate evaporation of meastlihe
system was maintained at a maximum temperatur@$Cl
The complete evaporation of water was indicated nwhe
more bubbles were observed. The beaker, with itgeod, was
allowed to cool and was reweighed. The differencavéight
showed the weight of water that has evaporated,itangs
calculated as;

Weight of Moisture % 100

Weightof crudeoil sample
13

Moisture(%)=

2.3.4 Phosphorous:

ALFA — LAVALJ[19] , was used. The phosphorous in toi
sample was determined by ashing. The phosphaténebta
was transferred into phosphomolybdate which wasaed to
a blue - coloured compound. The concentration ef tlue
compound was determined by comparison with blueuwred
glass disks.

Procedure: 5g raw oil sample was weighed into a platinum
dish, and 0.5g calcium oxide added and both ashiee.ash
was dissolved in 10 - 15 cc of 2N hot dilute hydocic acid,
and filtered into a 100cc volumetric flask. The Hdisvas
washed into the volumetric flask, filtered, and madp to
I00cc. A blank experiment was similarly preparegt, Wwith no

oil sample present. 5cc of the filtrate was takem itube and
2cc and 1 cc of molybdate and hydroquinone soluideed in
that order. The mixture was allowed to stand fonibute for
the green phosphate colour to develop. 2cc of
carbonate/sulphate solution was quickly added airded,
(CO, evolved). Both the test experiment and its blardcew
placed in the comparator against a uniform light fo
comparison. The result was reported as; Phosph¢rgrs)
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A XV x50.326
G x v 10000

Where A - comparator scale reading (Ppm), V - vawhash
solution, v - volume of ash solution taken for thelour
development, and G - weight of oil sample.

2.3.5 Determination of Color:

The Method of the AOCS, Ca 20 — 25, was used. Color
pigments present in raw Palm kernel oil includéslomphyll

and gossypol. The aim is to find the amount of eolsigment
present in the oil sample.

Procedure: Lovibond Tintometer with 1-inch cell was used
for the analysis of colour, and the latter reatbims of red or
yellow colour band that matched the colour of the o

2.3.6 FreeFatty acid:

ALFA — LAVAL , [19],was used. Free fatty acid resifrom
chemical or enzymatic hydrolysis of the fatty aglgicerides.
Its presence in oil sample is a measure of theitguafl the
oils, unrefined or refined. The aim of the expenineas to
determine the degree of enzymatic hydrolysis afiytcerides
of the fatty acid that has occurred.

Procedure: 2.8ml of oil of an unknown FFA content was
measured into a conical flask and diluted with 25ofl
ethanol. A drop of phenolphthalein was added. Thas
titrated against 0.1N sodium hydroxide until a panent pink
colour was registered, and the results recorded as;

FFA(%) = VxMxN 15

10w
Where, N - Normality of NaOH; V - Volume of NaOH, W
Weight of oil sample, M - Molecular weight of oiample

used.

2.3.7 Oxidation products

Kharasch et al method, adapted from [19], was udéten an
unsaturated fatty acid chain reacts with air at nroo
temperature, (a process known as autoxidation),
hydroperoxides are formed. At high temperature,sehe
peroxides break down to hydrocarbons, aldehydes and
ketones. These cleavage products impart odour lardrfto

oil and must be removed.

2.3 8 Deter mination of Peroxide Value;

This is a measure of primary oxidation whose prodsc
hydrocarbons. These hydrocarbons are further ceddio
water, which causes rancidity of the oil on storadee aim is

to determine the degree of primary oxidation wtiteh oil has
passed through.

Procedure: 30ml of chloroform - glacial ethanoic acid
mixture in the volume ratio of 1:2 was transfertedh conical
flask connected to a reflux condenser. The mixtuas then
heated to boiling and the vapor condensed in thverdgart of
a jacketed tube. When the reflux became steadytahémi
of potassium iodide was added from the top of thedenser.
The precipitate of Kl was dissolved by adding 5 pdraof
water. The mixture was heated for 5 minutes and &nthe
oil was pipetted into the mixture through the top tbe
condenser also. The pipette was rinsed with 2rnshtfroform
into the boiling mixture, and boiling continued fBrminutes.
50ml of distilled water was added, and 2ml of taenple was
then titrated with 0.02N thiosulphate solution, ngsistarch
solution as indicator. The result was reported as;

V x N x 1000
PV = 16
G
Where V - vol. of thiosulphate used (ml), N normality of

thiosulphate solution, and G - vol. of sampld)(m

2.3.9 Deter mination of Anisidine value:

This measures the amount of secondary oxidatioa maw
sample of oil. Its products are aldehydes and letpwhose
oxidation induces higher rancidity effect to thd. orhe
experiment is aimed at determining the level afoselary
oxidation which the oil has passed through.

Equipment /Materials and Procedure; These are the same
as for the PV, except that the temperature at whiese
cleavage products were formed was higher

2.3.10 Determination of lodine value:

Wij’'s method, adapted from[19] , was used. It im@asure of
the degree of unsaturation of fat or oil. It is tmember of
gram of iodine which combines with the unsaturdiedds in
100g of fat. The aim is to determine the degreensaturation
of fatty acid in the oil.

Procedure: 0.5g of oil sample was weighed into a 250mi
stoppered bottle, and 15ml of chloroform was added
dissolve the oil. 25ml of Wij's solution was addaed mixture
was kept in a dark place and allowed to stand @miButes.
At the end of the period, 20ml of 15% KI solutiomsvadded.
This was shaken vigorously and the inside of tlopmstred
bottle was washed with 1ml of boiled and cooledenathis
was titrated against a standard 0.1N sodium thibsue
solution. The reagent was added with constant sgalntil
the yellow colour of the iodine almost disappeadl of 1%
starch solution indicator was added before thatidn was
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continued. The end point was reached when theduloir of
iodine disappeared. A blank experiment was alsdezhiout
with equal proportion of the Wij's solution. Thedioe Value
was calculated as;

I\ = (B-S)N x 0.1269x 100
W

17

Where B - Volume of the standardJS&;S - Volume of
the standard N&O; required for sample, N - Normality of
the standard sodium thiosulphate solutiéh- Weight of Oil
sample in gram.

2.3.11 Determination of Iron (Fe)

Method of Cock and Rede, [20] , was used. Iron imedal
element which, with copper, induces oxidation ofe th
unsaturated fats and oils at the double bond. Rahwfviron
will reduce the rate of oxidation reaction at théghh
temperature of deodorization. The aim is to deiteenthe
degree at which oxidation of the fatty acid is eotpd in raw
palm kernel oil.

Procedure: 0.2mg Fe stock solution was pipetted into 100ml
conical flask. 10ml of 10% hydroxylamine hydrocliier was
added. The solution was diluted with water and ohixe0ml

of 0.25% phenolphthalein indicator was added atavald to
stand for 15 minutes and diluted to the mark. Usibgut 5ml
test tube, the transmittance was read in specttoptedser 20

at 510 UV light. The results of characterizatiorpesments
are presented in table 5

2.4 Diffusion parameters
2.4.1 Diffusivity

Equations 7, 8, and 9 were used to determine tifesiliity,
diffusion rate, and mass transfer coefficient, eetipely.
Using 7, My was calculated from the normal boiling point of
the oil which is oleic or luaric acid. For oleiccatauric acids
with the molecular formulae of @H;;COOH, and
C11H23COOH, the molecular weight is, 282Kg/Kmole and
241 Kg/Kmole respectively. Temperature, T=333.15K.

Viscosity of pure substances is given by,= 0.324,/ptp ,

[21] [22], where the normal boiling point of ojj £ 225.31K,
and density of oil at this poinpt, = 0.87g/cr, pu =

2.4.2 Diffusion Rate

The rate at which the fatty acid diffuses into tkelvent is
given in equation 8. NowD = 4.0 x 10m?s, Mueyane=

86 Kg/Kmole, My; = 241Kg/Kmole. It shall be assumed that
the interphase is small and taken to be 0.001mme Th
concentration of oil in solution of hexane at theainside is
assumed to be about 2%, the residual value, andri%he
other side. Oil is glycerol ester of fatty acid, lled
triglycerides. As such, it may be assumed thatféty acid
composition of PKO is predominantly that of lauicid.
Hence we may use the density of glycerol esterrasepted
by Perry and Chilton, (1973), to compute the dewsiof 2%
and 1% palm kernel oil respectively to be useddmjguting
the rate of diffusion of oil into the solvent.

At 333.15K, density of 2% and 1% solution of oil lasiric
acid is 1000.4Kg/f) and 998Kg/m respectively, ( Perry and
Chilton,1973). Now mole fraction of oil in one sidf the
interphase

Xa1 = 0.0072, ¥ = 0.9927.

Molecular weight of mixture

M, = 87.123Kg/Kmol
11483 mole/nt
Similarly, X, = 0.0275, ¥; =0.9725.

#)-

Average molecular weight of the mixture

= 4216<mole/nm?
23674

7849(mo|e/m3

Logmean of mole fraction,

0.324(0.87° = 0.000302Kg/m.s Molar volumegy of the oil (X ) 0.9927-0.9725 — 09823
at the normal boiling point is obtained by summing the B/LM 0.9927 )
atomic volume of elements that make up the compound In
C11H»3COOH, Treybal, (1980), and the value was founbeo 0.9725
0.2812n/Kmole. Hence, R= 4.0 x 10m?%s .

This gave

Np = 647x10°/Kmole/m?.s
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2.4.3 Mass Transfer Coefficient

The mass transfer coefficient is given by Eq. 9 as

Na = Ki(Xa1 - %a2), [11],

where K, - Mass transfer coefficient in the liquid phase
Now Eq. 8 is,

Na = Dss (ﬂJ (XAl_XAZ)

Z,~ Zl(XB)Lm M

Combining Egs 8and 9, we have;

ZZ_Zl(XB)Lm M av

= 32x10 °Kmole/m?.s

Similar calculations were carried out for otherveolts and
results presented in Table 3.

3. DISCUSSION
3.1 Extraction of Palm Kernel Oil From Oil Nuts

Ashton, [23], observed that a number of solvents lwa used
to leach out oil from the prepared seed. He noteat t
efficiency of extraction depends on a number oftdies;
including, extraction time, quantity of solventptgerature of
the system and the nature of solvent used.

Extraction time is a fundamental factor that afedhe
efficiency of oil extraction. This was explained khe
observed relationship between the time of extractod the
residue oil in the cake. This relationship is giwe Fig.1.
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Fig. 1 Effect of extraction time on Oil Extraction

From the figurejt is noted that greater amount of oil was
extracted during the first 30min of extraction. Artremely
long extraction time is required to obtain a rasidil content
of less than 1 percent. Every type of solvent bebav
differently during the extraction process. The agtion time
relate to quantity of oil extracted by a linear dtion down to
a residual oil content of about 5%, below which thection
has a curvilinear nature as shown.

3.1.1 Quantity of Solvent

Fig.2 shows the effect of solvent quantity on eoticm
efficiency at constant temperature and time

o M- thexane
== Exrans
A
i_""l. iy e s sl
Yo %
3 [y
g .
=
-
B
2
A
£
T
- | T
0.5 1.0 1.5 0

Percent Fesdual odl inzsed caks

Fig.2 Effect of quantity of solvent on Oil Extraction

From the figure, it was observed that efficiencyeafraction
first increases with increase in solvent and afeaching a
limit, the increase becomes marginal. The quamtitgolvent
used to reduce the residue oil content to less arvaries
with the type of solvent as shown.

In Fig.3, the result of the effect of temperatuneefficiency of
solvent extraction is presented.
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phosphatide in the extracted oil. Odour is charétie palm

ﬁ - - kernel oil odour, but taste is of palm kernel dihe specific
—0— N-Hmef gravity increases in the order H-B-C-T, but marbjiméth
. Hexane and Benzene than Carbondisulfide and
= b emmmhmmmn  Carben s Trichloroethylene. The same judgement passed fomtélting
Eli H Bl moomomon Titaoste point, moisture, refractive index, Phosphorousnlré&FA,
= e Peroxide and Anisidine values, and, of courseniedialue.
E Lovibond Tintometer Red colour reading confirmede th
& 2 physical appearance where Hexane and Benzene textr@its
¥ =T were found to be lighter in colour than Carbondidel and
s Trichloroethylene.
584
=g
1|.-:' 1.|i JI.-:' J!i in

Percent Fasidual oll in sead cake

Fig.3 Effect of Temperature on Oil Extraction

3.2 Properties of the extracted palm oil
3.2.1 Nature of Solvent

Figs. 1-3 also show the effect of solvent nature tba
extraction process, that is , their dissolving pow&he
following were kept constant during the experimearount

of palm kernel grit processed, time of extractigolvent
guantity and extraction temperature. From the &guit was
found that hexane and Benzene have the same solvent
efficiency. Carbondisulfide has a higher solvenficefncy
than Hexane and Benzene, but lower efficiency than
trichloroethylene. It may be erroneously concludttht
trichloroethylene has the highest extraction edficy and
hence the most suitable, but quality of oil ioads important
factor which must be given due consideration

The results of characterization experiments arevaha table
2 for the extracted oils. The result showed thiglt increase
in solvent temperature, the efficiency of extractias
improved.

From Table 2, it may be observed that colour ofdkieacted
oil, when extraction was done with Hexane and Beaz®as
light yellow compared with deep vyellow obtained wit
Carbondisulfide and Trichloroethylene. This colqesition
was because, the latter have very high efficierfagxtraction
than the former, but also higher degree of impsitlike
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Table 2 Physio-Chemical Properties of the palm Oil extrdatéth Hexane, Benzene, Carbon disulfide and Toicidgthylene

Properties n- Hexane Benzene Carbondisulfide Trichlorothylene
Colour (Physical Appearancg)ight Yellow Light Yellow Light Yellow Light Yellow
Odour Characteristic dCharacteristic dCharacteristic dCharacteristic of PK(

PKO PKO PKO

Taste PKO taste PKO taste PKO taste PKO taste
Specific Gravity 0.8752 0.8757 0.8756 0.8759
Melting Point(°C) 29 29 30 31
Moisture (%) 1.12 1.12 1.13 1.135
Refractive Index 1.4400 1.4401 1.4402 1.4403
Free Fatty Acid (%) 4.2 4.3 4.35 4.38
Lovibond Red Unit (1" Cell) | 4.2 4.3 4.53 4.54
Anisidine Value (M.eq/kg) 6.5 6.5 6.95 7.25
Peroxide Value (M.eq/kg) 2.45 2.43 2.44 2.48
Phosphorous (Ppm) 6.5 6.51 6.52 6.54
Iron (Ppb) 3.5 3.45 3.52 3.48
Saponification Value 240 241 242 243
lodine Value 22 22 23 24

3.2 Diffusion parameters

U= 0324/ptp =

0.000302Kg/m.s.  The

calculated

Diffusivity, Diffusion rate, and Mass Transfer
Coefficient.

The diffusion parameters for the diffusion of Paih from
meal into the solvent were calculated from Eqs @n@& 9. The
viscosity used in Eq 7 was given by Perry, (19783,

diffusivity of 4.00 x

10° m%s was used in Eq. 8 to determine the rate of siiffu

which was found to be 4.67 x 1Rmole/nf.s. The mass
transfer coefficient was obtained by comparing Ewith 8

and was found to be 3.20 x “#mole/nf.s for Hexane.
Similar calculations were carried out and the mssof table 3
obtained.

Table 3 Diffusion rate, Diffusivity and Mass Transfer Cdeiént for the diffusion of Palm oil into solvents

Diffusion Parameters Hexane | Benzene | Carbondisulfide Trichloroethylene
Diffusion rate (10) Kmol/nt.s 4.00 4.10 4.50 4.90
Diffusivity(10°)m?/s 6.47 6.72 6.78 7.00
Mass Trans. Coef (1) Kmol/nt.s 3.20 3.50 3.80 4.00

From the table, it is observed that Hexane and Bemhave
almost the same diffusion rate which is lower tllaose of
Carbondisulfide and Trichloroethylene. This expsaiwhy
extraction is more with the latter than the formdowever,
diffusivity of Benzene is marginally higher thanathof
Hexane. This shows that the penetrating power oizBee is
more than that of Hexane, but lower than Carbotiiieuand
Trichloroethylene. Since Extraction rate depends tiome,

Temperature , quantity and nature of solvents ugethen
follows that same is proportional to diffusion rabgffusivity

is inversely proportional to viscosity, but dirgcfiroportional

to Temperature, other factor being constdfttraction is
essentially a diffusion process and the amountilafxtracted
depends on the rate of diffusion of the oil irfie solvent.

Diffusion rate of liquids is given in Eq 8 as;

NA =2(%jav(XA1— Xp2)

Where D — Diffusivity, m/s
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It follows that rate of diffusion, N is proportion to
Diffusivity, D. But Diffusivity foe liquid substares is given

05
by; D = M

uvp) 20
we obtain,

_gm)00T m
NaA=—"F—|= (XAl_XAZ)'
(v p) 082 M/ ay

. When the two equations are combined

from which we obtain,

DT
NA:T(XAl‘ XA2).

where

V) 962z \M Jay

However, (4:1-Xa2) is fixed based on the extracted oil, then
Na=D"T, where, D"=D'(X a1 — Xpa2) . It therefore
means that rate of diffusion (extraction) of oilpgoportional

to temperature, and hence the higher the temperahe
higher the extracted oil.

CONCLUSIONS

The results of our experiments have shown that veéi®us
solvents used in the extraction of oil from thdlrseeds, have
different performance capacities.

The results (Figs 1-3) show that Carbondisulfidéhis most
efficient in terms of yield, followed by Trichlorteylene

when the purity of the final product is not the ordjactor of

consideration. N-hexane and Benzene are idealxtoaation

when oil of premium quality is required. Infact,eth are
needed in the extraction of oils for edible purpoSehe results
also showed that time, and temperature of extnactis well

as, the nature and quantity of solvent used playah role on

the extraction yield.
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