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ABSTRACT

In the laboratory, small quantities of freshly expelled il are ofien requiret for vrfe-spy zodiss. 710
small quantity of oil can be obtained from oil bearing seeds or muns like i kel 70 71 £t pieE
using a model mechanical rig coupled 10 2 Universal Tesung Mactone (U7 o 2o sunznes iz G
this study, a model mechanical expression rig with z heater tand war Gesumet . fevrezier wl 3
using ground palm kemel. In the design, the size of the cyimder (dameis aur erghn, foe ooz o 5
piston, the maximum pressure desired, the meximum load evaiibie from fue unvemsz Tosing Waesmme
the maximum cross-head travel from the load frame of the UTWL znd e tempemuns conimole e
considered and determined. A travel or loading speed of 2 5mm/min suitbie for zgmmiiturd ez
was adopted during the testing of the model.

il

B

Results from the tests carried out showed that an everage value of 28 22% ol yeif commmpeniing o
76.63% oil recovery was obtained for pre-heated grounded paim keme] campis. vaiE ol ¥EIf o 2L 2V
corresponding to 40.83% oil recovery efficiency was obtained Jor groundet paim reiE| sEmpEs T -
heated before oil expression. These vzlues compares favourdbly wift viuz vommet Trom i
Statistical analysis using t-test also revealed that there was significen frfizzuos wowes fr= sines oF ol

yield and oil recovery efficiency respectively obtzined Fom fhe pretemief wud fie Tor pEiEmEl
samples at 5% confidence Jeyel.

a5

Quality evaluation of the crude palm kernel oil expressed using fhe mode] showet fm e o T2 2o
iodine value and the solid fat content values of the vil ubtzined Fom prefeaiel smmie: wer= e ez
that obtained from samples not pre-heated, implying fat oil expresset Trom pre-temet =i w=ne
better quality when compared to the oil obtzined from peim kemel mo! prmmer  Asw
characterization values obtained from the oil expressed using fiie moG=] COMEZES EVOUEDE 30 %2

obtained from literature.

KEYWORDS: Vegetable oil, palm kemel. oil expeller, paim Fuit.

1. INTRODUCTION

In the world of oils and fats, the lauric oils are the 2risiocTaE. The ‘i‘f v :_‘-'v ,' F fie
their own higher price plateau and they do not mix comiortaply with ﬂf--wimiﬂ :v(.r::_
the 17 major oils and fats in the world trade thers arz oy *u- i :g_rz.: ,:17'1‘.11." e
kemel oil (PKO) (Oil World Annual, 2000) and they are calie i :)‘:‘:r‘.‘.."::.wr za::;_’ 2arid
fatty acid in their composition at zbout 50%, while 10 Ot TELT ol SO T
(Malaysian Palm Oil Board (MPOB), 2001).

- g OO TEOT

The coconut palm is scientifically called Cocos mucifera, WilE pei :"'ﬁ}'_':l"f e ey
(PO) and PKO is referred as Elaeis guingensis (Harier- S . e o e 2 i Sl v e
outer fleshy mesocarp gives the palm oil (PO). W= e fkenis Wl b N B I ol
PKO and it is rather strange that the two oils om s 555

Fnp e EmEly GLE=T T EE =

R
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composition and properties. Unfortunately, the two oils were often confused by nutritionists in earlier
days. In PO, most of the fatty acids are C16 and higher, while in PKO, }hey are Cyq and lqw(fr. PO has
iodine value (IV) 50 minimum, while PKO has 21 maximum (Codex Alimentarices Commission, 1999).

Because PKO are Semi-solid in temperate climates, it can be fractionated into solids and liquid fractions
known as Sterin and Olein respectively.

Oil can be extracted from nuts and seeds by heat, solvents or pressure. Extraction by heat i:=; not used
commercially for vegetable oils (Casten and Snyder, 2001). Pressure extraction separates the oil from the

the materials or bags of oil seed pulp can be placed one above another in a box or cylinder, and great
pressure can be slowly applied on the whole mass. A long lever can exert up to 4.58 KN. Since great
pressure provides greater oil recovery, heavy and strong mechanical jacks of several desi gns (screw jacks,
ratchet jacks and hydraulic Jacks) have often replaced the lever (Casten and Snyder, 2001).

The solvent extraction method involves milling of the kemnel, pressing the meal and dissolving the cake in

Some appropriate solvent, e.g. Hexane. The oil-solvent mixture is filtered off, while the cake and the
solvent are later evaporated to recover the oil. The screw press method involves the feeding of the pre-
heated kernels into the screw mechanism made of an interrupted helical thread (worm), which revolves
within a stationary perforated cylinder called the cage or barrel. The fed kemnels are ferried through the
barrel by the action of the revolving worms. The volume axially displaced by the worm diminishes from
the feeding end to the discharge end, thus compressing the meal as it passes through the perforation of the
lining bars of barrel, while the de-oiled cake is discharged through an annular orifice. Mechanical oil
expression (rig) equipment is designed for optimum performance in order to meet specified usage. In the
laboratory, small quantities of oils are usually required for analysis; hence it is desirable that a model
mechanical oil expression rig that can efficiently handle small quantities of oil-seeds or nuts be provided.
Although there exist small capacity screw and hydraulic presses, the importation cost of such units is
prohibitive, it is therefore desirable that the alternatives be fabricated locally, hence this study.

The objectives of this study were: .
i) Design and fabricate laboratory model mecha
i) Test the model mechanical ojl expression ri
determine its optimum operating conditions

iii) Characterize the oil obtained from the test.

nical oil expression rig for oil seeds and nuts,
g using Universal Testing Machine (UTM) in order to

2. MATERIALS AND METHODS

2.1 Design Considerations

application of compressive forces to the oil
seed/nut sample enclosed in a suitable filtering or retaining envelops. In this work, the mechanical
expression rig was designed as a piston-cylinder assembly

coupled to the TESTOMETRIC Universal
Testing. Machine (Model M500-50KN) or any suitable hydraulic press as shown in figures 1 and 3
Tespectively.
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Figure 1. Assembly of the designed mechanical oil expression rig on hydraulic press.
(a) Mechanical Oil Expression Rig, (b) Temperature Controller, (c) Amplifier with display Unit,
(d) Load Cell

The following criteria were considered in the design of the mechanical oil expression rig:
(i)  The minimum pressure required to be applied on the sample before oil can be squeezed out;
(i) The maximum load available from the Universal Testing Machine (UTM) — 50 KN
(iii) The maximum travel distance of cross head of UTM — 1000 mm.
(iv) Desired maximum distance the piston can travel in the cylinder — 100 mm.
(v) The optimum processing temperature of oil seeds/nut, especially palm kernel.
(vi) Ability of the supporting platform to bear the maximum allowable load from the UTM.
(vii) Heat treatment, temperature sensing and temperature controller.
(viii) Ease of collection of the expressed oil.

2.2 Design Theory
The components of the model mechanical expression rig including the press cage cylinder, the drainage

area, the compression piston and the supporting platform were designed based on the following theory.

2.2.1 Maximum Pressure on the Press Cage Cylinder

The press cage cylinder is considered as a thick cylinder under pressure from the compression piston
coupled to the UTM. Since the UTM has a maximum capacity of 50 KN, the pressure exerted on the

sample in the press cage cylinder was computed using equations 1:

)

K
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= (2

Where F = Force from the UTM exerted by the piston on the sample in the press cylinder=50 KN; D=
internal diameter of the press cage cylinder (mm); P = applied pressure. (MPa).

2.2.2 Combined Stresses on the Press Cage Cylinder

Due to the pressure applied by the piston on the sample in the cylinder, the cylinder is subjected to three
principal stresses, According to Ryder (1985), these stresses were obtained as follows:

The circumferential stress;
PR
o, =R @)
<

The longitudinal stress is given as
PR
0, = —1 ’
2= @

The radial stress is given as;
oy, =-p &)
Where: P = maximum pressure applied on the pressed sample in the press cage cylinder (MPa); Ri =

inside radius of the press cage cylinder (mm); t = thickness of the press cage cylinder (mm); R = outside

radius of the press cage cylinder (mm); 6, 0 and o = circumferential, longitudinal and radial stresses
respectively (MPa),

2.2.3 Thermal Stress on the Press Cage Cylinder

Due to heating, there is very high tendency that there will be chan
on the strength of mild steel material used for
Perry (1988), the thermal stress at the heating
equation given below:

ge in temperature which will have effect
the construction of the press cage cylinder. According to
surface of the press cage cylinder was obtained using the

_ —a{AT)E
EE -~ ©

Where: o, = thermal stress at the outside of the press cage eylinder in contact with the he
= coefficient of linear expansivity of mild steel = 12 156/°C (Nash; 1977), E=
mild steel = 205 GN/m2 (Ryder, 1985); AT = temperature change (°C); @
mild steel material (Ryder, 1985)

ating device; @
Modules of elasticity of
= Poisons ratio = 0,291 for

2.2.4 Design of the Compression Piston

From Mrema and McNutty (1985), it was reported that for a

piston - eylinder mechanical oil expression
rig the relationship between the piston diameter and the

cylinder diameter can be expressed as:

D
P " 10004 9
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Where 13, = piston diameter; D= inside digmeter of eylinder,

With this dismeter, n piston length longer than e |
winss 10 prevent (e upper attachment of (e
eylinder during ol expression process,

, Gt oF the e cuge cylinds win astecsd, i
LM framm coninig i eontnet with the tagr of e press cigss

2,28 Deslgn of the Press Cage Cylinder Bise Porforations

The total area of the holes of S dinmeter wis sxpected (o oeeipy 12,5 percent of the aren of (his

pection and this serves as the drinnge sren for oll expression, s e number of otes @ be difled win
computed using equation 1 below:

ap M
N"’U,]ﬁ!a"‘: (;r

__wd] _anf
Where: A, = =1, Ay = - 4“

Where: N = number of holes 1o be drilled s bose perforations; d, = digmeter of the section of the
supporting platform covered by the eylinders cireumference; 1y, = digmeter of 0 hole 1o be drilled; A, =
area of the section of the supporting platform covered by the eylinders cireumference; Ay = aren of u hole,

2.2.6 Design of the Supporting Platform

The supporting, platform is a bullt=up channel of o square cross=section,  Due to the actiot of the applied
pressure from the UM through the compression platon, fallure can ocenr in wo ways, ‘The two failure
possibilities are bending of hurizontal portion snd buckling of the vertical member, Since the mazimum
load from the UM is 50 KN, the design was predieted on the fact that member horizontal will not fail by
bending and that the vertical member, will not fail by buckling,

2.2.7 Destgn of Heating System

The quantity of tieat () in Joules absorbed by a body of Mass (M) kilogram and specific heat capacity
(Cy in Joule per kilogram per degree centigrade, when there is a temperature change of (0, 0 if the
lsses is negligible is given by Okeke et al (2000) as;

0= MG )

The mass of the rig barrel was determined 1o be 2.5 kg The barrel v made “," l{r,lilrl sleel l}u'.t‘ftl?ll!'—i the
specific heat capacity is 450 WE"C. The mazimum temperatire s'jzprmlml is 130°C and the minimum is
thes room temperatire which was taken as 30°C. Therefore, the highest value of tomperature difference
wat determined 1o be 100°C,  From equation (9) the heat regquired 1o bring the barrel from room

termperature O, to the maximum (required) temperature 0, s

O = 2.5 % 450 X 100 Joule:
=[ 12,500 Joules,

Flectricity was used as the source of povier for this work, Therefore, the heat generated (Q) s related to

curvent (1), voltage (V) and the time (1) taken for the current 1o flow according to Okeke and Anyakoha
. § Gl ’ z

(2005,

(
4= IVt (10)

! 40
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From (10) the power rating of the heater band used P is given by

-
s

For the purpose of this work the time t was taken to be 3 minutes and the power rating for the heater band
was found to be 625 Watts,

2.2.8 Selection of Temperature Controller

To maintain the rig temperature constant, a temperature controller with ease of operation was required.
Thus, an electronic temperature controller operating at the range of 0°C to 400°C (model JTC-902) was
selected because it met all the aforementioned requirements and was also compatible with K-type
thermocouple which further made it easier to be used with the rig.

2.3 Description of the Fabricated Model Laboratory Mechanical Oil Expression Rig

Figure 2 shows the exploded view of the designed model laboratory mechanical oil expeller. The model
laboratory mechanical oil expeller is made up of three major components: the compression piston, the
press cage cylinder and the supporting platform. The press cage cylinder was made from a mild steel pipe
with an inside diameter of 66 mm, 7 mm thick and 140 mm long. Using the hand drilling machine, a 5

mm hole was drilled on one side of the press cage cylinder at a height of 7 mm from the base. This hole
is for the fixing of thermocouple probe for temperature monitoring.

The compression piston of 220 mm was cut out using power hacksaw and turned to about 65 mm
diameter using a lathe machine. From the height of 30 mm from the base, the piston was stepped down to
a diameter of 45 mm. At a height of 10 mm from the top, a hole of 15 mm diameter was drilled through
the transverse section of the piston. From the top of the piston, a bore of 32 mm diameter was made

downwards to a height of 60 mm. All these were done for easy attachment of the piston to the upper
crosshead of the UTM during oil expression,

The supporting platform was constructed using a built-up channel of 84 mm x 84 mm x 8 mm from which
140 mm length was cut out using power hacksaw. Sharp edges were smoothened to prevent injuries
during handling using a manual grinding machine. 61 holes of 3 mm each were drilled in the section of

holder/guide. The press cage cylinder was threaded externally to a height of 1
then screwed down inside the cylinder
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14 Stod

13 Heater band

12 Thermocouple

11 Base plate

Load cell with data cable
Oil collector

Supporting plat form
8mm bolt

Threaded ring

Press cage cylinder
Heater band plug port
Plug (from AC orDC means)
Heater band clip
Compression piston
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' i ] )T Compression Piston, (b) Presy Cage
Flnre 3, Mochanient ofl expression g momted on the 1M, () nps ' b 3
Cylinder, (o) Henter D, (d) Thermocouple, () Support Platform, (f) Femperature Controller, (g) UTM

Displiy Uit
2l Operntion of the Mechanienl O Expression Rig

Atter the vig b been coupled to the UM as shown in figure 4 the ;f,nmlml paln kcr'r’lcl or any other oil
ol or il o be presed wire put ito the press eage eylinder, The pressing speed u‘l z,.,;m’n‘r/nmmlf: wis
weloated from the UTM, wind the comprension piston mounted on the cross head of the UIM hcgmfsqln
move downward into the press cogpe eylinder contuining the sample,  As the cross head of the UTM
anrrylog the comproaion piston moves down, it compresses the grounded sample, the oil oozes out
through the peclrtion 1l the bise of the cylinder into the oil collecting pan.  The pre-treatment
fempernture of the grounded wmple helore ofl expression was obtained from the automatic temperature
controller prenet, e nntomtic temperature controller enwures that the temperature of the sample to be
pretsed v malntained by (ripping itsell on o off ay the need arines. The Force at which the oil was
expronsed {a read out from the dinpluy on the Univernal Testing Muchine.

2.8 Tost Procedures

Twa tentn woro porformed uning palm kernel of two different treatments:
) Ground palm kernel of fine particle wize pre-heated to o temperature of 110°C at a moisture
contents ol 4,5% the sample waw lubeled K1'f
i) Ground palm kemel of fine particle size not pre-heated (Le, at room temperature) at a moisture
content of' 4,5%. ‘The smple was labeled KNPH,

The fabricated model mechanical rig wan coupled to the Universal Testing Machine which was operated
at n speed of 2. 5mm/minute an reported by Olaniyan, (2006). The moisture content of 4.5% (wb) was
used based on preliminary investigntions and literature search, as reported by Akinoso et al (2006). The
palm kernel sumple uned was of fine particle size becauye preliminary investigation showed that the fine
purticle size gave the highest oil yield when compared 1o the medium and coarse particle size
respoctively,

Lnch sample, (KPH and KNPI 1) weighing 200g respectively were used for each of the tests. The heating
timo of' the press cape eylinder was 20 minutes, the pressing pressure was 13,56 MPa (i.e. 45KN) and the
pressing time was 10 minutes, in line with Olaniyan (2006),

2.5.1 Ol Yield

At the end of the test runs, oil yield from each of (he samples for the trial tests was caleulated as the ratio

of the weight of vil expressed to the weight of the sample before expression, It was mathematically
expressed by Adecko and Ajibola (1989) as;

W 100
Y, = =2 x .

Wy (12)

Where: Yy = Oil yield (%); W, = Weight of oil expressed (8); W, = Weight of sample before
expression (p).

2.5.2 Oll Recovery Efficlency

The oil recovery efficiency was calculated as a ratjo of the weight of ol expressed to the total weight of

ol in the milled palm kernel sample before expression,  Adecko and Ajibola (1989) expressed it
mathematically as:
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Ry=m X ® (13)

Where: R. = oil recovery efficiency (%); X = oil content of palm kernel (50%).

2.6 Characterization of Expressed OQil

The crude oil obtained was characterized by determining the free fatty acid, the saponification values and
iodine values; all in replicates using appropriate methods of chemical analysis, Association of Official
Analytical Chemists (AOAC) (1975). The values obtained are shown in table 5.

3. RESULTS AND DISCUSSION

The results of the tests carried out using the model mechanical oil rig on two different samples of palm
kemel are presented in tables 1 - 3.

Table 1 shows the values of oil yield and oil recovery efficiency obtained for each sample of palm kernel
at three different replications.

Table 1. Result of oil yield and oil recovery efficiency of ground palm kernel.
Sample Oil yield (%) Avg. 0il Recovery Efficiency Avg.
(%) (o)
1 2 3 1 2 3

Pre-heated sample 39.11 37.40 38.44 38.32 78.22 74.80 76.88  76.63
(KPH)

Not pre-heated 22.30 18.22 20.72 20.41 44.60 36.44 41.44 40.83
sample (KNPH)

These results were subjected to statistical analysis using Student t method (t-test).Tables 2 and 3
respectively shows the results of the analysis. The statistical analysis shows that there is significant
difference between the pre-heated palm kernel samples (KPH) and the non pre-heated palm kernel
samples (KNPH) in both oil yield and oil recovery efficiency at 5% level of significance. A higher oil
yield of 39.11% which corresponds to 78% oil recovery efficiency was abtained from the pre-heated palm
kernel sample (KPH), while the sample not pre-heated (KNPH) gave a lower oil yield of 22.3%
corresponding to 44.6% oil recovery efficiency. These results show that pre-heating of the sample before
expression increases the oil yield; this is in agreement with Olaniyan (2006) and Akinoso et al (2006)
respectively. Values of oil yield, oil recovery efficiency and some characterization of palm kernel oil
from palm kernel oil using the designed mechanical oil expression rig was compared with values obtained
from literature, Tables 4 and 5 shows that the values obtained compare very favourably with values
obtained from literature. This implies that the locally designed and constructed low cost model expeller
performs comparably well with the imported expensive oil expellers.

Table 2. Sample literature values of oil yield and oil recovery efficiency compared to the values obtained
using the developed model.

Literature values ® Model Values
PKH KNPH
0il yield (%) 38.18 38.32 2041
Oil recovery 76.80 76.62 40.83
efficiency (%)
*Akinsono et al 2006
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Table 3. Some characterization literature values of palm kernel compared to the values from the
developed model.

Literature values ° Model values
KPH KNPH
Free fatty acids (Lauric acid Cp2) 48.5% 48.3% 49.2'%;
lodine values 16.2-19.2% 18.7% 20.40°A7
Solid fat content (%) at 20°C 40% 38.7% 40.60%

*Pantzaris and Ahmad, 2001
4. CONCLUSION

A model mechanical oil expression rig was designed and fabricated. The unit was tested with pre-heated
and non pre-heated ground palm kernel samples and found capable of expressing oil. Statistical analysis
showed that there was significant difference in the oil yield and oil recovery efficiency respectively
between the pre-heated and non pre- heated samples at 5% confidence level, The model gave an average
of 38.32% oil yield which corresponds to 76.63% oil recovery efficiency for pre-heated ground palm
kernel and 20.41% oil yield corresponding to 40.83% oil recovery efficiency for non pre-heated ground
palm kernel respectively; which is favourably comparable to values obtained from literature. Also, crude
oil obtained was found to be of high quality as its characteristics were comparable to literature values for
palm kernel oil.
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