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ABSTRACT

Oil is naturally hydrophobic but often forsos an cmulsion when fincly aiispcrscd'in_watcr. Such emulsion reduced the
efficiency in the recovery of oil during extraction from vegetable oilszeds. Thig paper reviews some'techniques of
vegetable oil extraction'in the food proce:sing industry relative to e indigenous tecliniques., An extraction techniques
based on 'modified indigenous technology is proposed, The. principicn und rheological, background .are discussed with
'respect to multiphase flow problem in cqipment design/design parameters.and operating characteristics. ;Resulis show
‘water-air system to establish the flow Uynamics will also be presented.

'RESUME

L’hiile est par.nature hydrophobique mais elle forne souvent une émulsion lors qu'elle ést dispersée finement daris T'ead.
telle émulsion.diminue 'efficacité de la récupération de I'huile pendant le iravail d'extrdctlon. Cetfe cormunication
.certaines techniques locales d'extraciion. de I'huile végétable dans les. industries produisant des de)xr\!as"aliniaiiabu
' proposé une technique d'extraction basée sur une technique locale mais modifiée. On a parlé des priricipes et de’
rhéologiques en ce qui concerme les problémes complexes posés par les pa ramdtres du modéle d'équippernent aitisi que les.
spécifiques d'opération. de ces dernicrs. Pour 8tablir le courant de dynarmiqué on a aussi présenté les résultats en
systéme air-eau. :

INTRODUCTION

Nigeria is blesscd with abundance of vegetable oilseeds such os coconut, jolm, palm kernel, groundnuts, soyabeens
cottonseeds, sunflower seeds, maize, etc. The potential of Nigeria as a major producer of these cropé has diminished due
to neglect and was noted by Miclke (1985) who observed that the sjor production of palmoil has shifted front Nigeria is
Malaysia. However, research ciforts from our institutions have tesulted in the development of improved chltivars for the
above crops. Extraction of oil from these raw materials is still in its intancy in Nigeria and the development df appropriate
processing technology is gaining some intercst.

Presently, most of the available commercial technologics, n vegetubly ou.ottractiou, are built around solvent extraction
using hexane. extractant. The cost of thése chemitals. (solvents) has increased significantly in recent times resulting in
reduction in production tapacity or plant shut down, Increased awarenoss of [he hazards of process chemicals in food
products cause concern over the continued usc of toxic chemicals in the extraction of oil. There is therefore need todevelop
alternative extraction/scparation technigues which will incorporate the high extraction cabacity. of hexsne and retain the
product purity offered by mechanical press.

In rural areas, complete oil removal from cil seeds is accomplishodt by Washing the digested seeds with copious amount of
water. -The local processor uses water which i; 2 nontoxic solvent to axtract edible oil. It is required that the extraction
sovent be.readily available and inexpensive. Vater soems to mect these requirements but forms emulsion with fluid
dispersed oil particies, thus reducing recovery and extraction efficiency. This paper discusses the steps nocessaryin solving
the emulsion problem in the extraction of vegetable oil when water it used as a solvent. Tbe principles of design ofa method
to treat the emulsion will be bascd on a multiphase flow analysis using water as the matrix.

BACKGROUND OF EXTRACTION TECHNIQUES

Commercinl technlques

The recovery of oil fronl vegetable oul-seeds follows a general proless route comprising:
(a) Pre-extraction Preparation

(b) Extraction, and

(¢) Refining.
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The extent.and complexity of each stop. dopends on the physical characteristics of the individual raw miaterials (feed) and

lbo avaxlablcprocesglechnology The proccssu described below are utilized in the ‘palmoil industry but they are applicabie
10 other vegetable.oil-soeds

‘Pre-extraction Preparation

This is the first’ stcp in the exwraction process, which is desigoed to eliminale foreign materials; minimize. contamination.
;educo mamjcnnnce cost; and increase ¢fficiency jn oil recovery.: The sceds are broken into small fragments to increase the
available surface arca For pakm kcmcl Southworth (1985) rcportcd that the seeds are reduced to about 0.25 and 0.4 mm
diameter. The size reduction is followed by steam conditioning to provide:

(1).appropriate moisture content in the meal.
(2) rupturing of thd cell-wall of the meal,
(3) coagulation of protein,

Tho meal is cooked t0:104-110°C at'a mioisture content of 3% by weight and it is then conveyed to the extraction circuit.
Extraction

‘Thelextraction phaseyd carried, out §ing mncho.mu\ pross m solvent extraction, Properly cooked: mealis fed:into a
screw:press and.compressed soexpel (ho @ily! The de-oiled cake’ 2 discharged; for use.as fuel or formed.into. .pellets for
Agricultural feed production ..Extraction by.solvent is carried out, by, using the meal prepm:d in the manner mentioned
above. ‘Two methods of meal-solyent coptact are commonly pmcuocd, ie, Percolatmn, and i tmmcrslon techniques. In the
pereolation metliod thé meal js storegd in. qudﬂly dcsgucd v;-sscl and the solvent, }u:xane, is pcrcolated over the meal.
The immersion technique is carped out by, counter-cusrent Ilow of the meal against the solvent/m:scella in an extractor.
The two methods are:often combines) for,more efficient, exiraction, ‘Sowvent recovery from the de-oiled cake and-extract
phase (miscella) 15.1he next sjep v we procese

The de-oiled cake is Brought in contact with live steam in an agitated vessel and the desclventized cake is discharged and
sent to the pelletizing plant, Praciional distillation under vacuum and at high, lcmperatuxc is used in the recovery ¢ of the

solvent from the miscella. . The reclaimed solvent is recycled to the extraction circuit and the ol is stored for subsequent
refining

Refining

:Degumming, filtration, deadorization, and removal of the free fatty acid (FFA) form part of the physical rcfining process.

"The chemical, rcﬁmng slep.js aimed ! coateolling the triglyceride compositions, mdmervaluc, slip melting point, fat and
mineral contents e.g. iton, copper, and phosphorous. ‘Mere details on the refining process are covered by Stage (1985),
Morgan et al (1985) and Swoboda (1985) :The resulting ‘refincd products and. uoc:ated by-products are ‘employed in
various industrial applications. Having, galncd some background on the cominércial process of vegetable oil extraction, it
is ncgcssary to look at the rural or hcligenaus extraction methods,

Rural Extraction T echniques

The extraction of oil from vegetable oli-sceds (mostly palm, palm kernel; coconut and groundnuts) bave been practiced.
since man wad able to device som& basic domcauc implements.-The basic steps in the indigenous practices are:

(a) Pre-extraction picparation of raw malorials,

(b) Extraction, and

ﬁ(c) Rcﬁnmg

Somc similarities exist between the basic steps 1n both rural and commercial practices but significant differences- also
charactenzc the scope and philosophy of these techniques: Extraction of palm oil is briefly reviewed.

Pre-Extraction l’reparallon of Materials,

Theripe palmfruits are harvested and the bunches are chopped and covered wuh green Jeaves or mats o reduce evaporation
and loss of moisture from the héap. ‘This process will enhance fermeatation and ease the release of the fruits from the
bunches. The duration of coverage of the chopped bunches affect the quality of oil to be produced. For edible oil, one to

three days will be thg average time aflowed but longer periods are nccessary for non-edible oil.. It should be noted that the
FFA level increases with increased [crmentation,
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Edible and hard oil are.the two main types. of oil prodneed locally, the former through the sterile'process and.the latter
(hrough non-sterile methods, In the sterile process, the frisits are steamed for over six hours after which the fruits are beaten
in large mortars. - The mesocarp is separated frowd the nuls though mutually mixed. About two thirds of these nuts are
removed from the ¢rushed flesh (mesocarp) and tae resulting meal is ready for oil extraction.

The producnon of bard oil is via the non-sterile method. Longer fermentation periods are réquired to ensure separation
of the mesocarp from the nuts. The digested flesh and nuts arc washed several limes with coplous amount of water and the
fibre and nuts are removed by. filtration, The liquid phase' (emulsion) is Jefi to stand for several davs before'the oil is
separated.

It can be seen that the sterue process emphasizes quality of the oil produced vhile the nonssterile methods seek optimum
extraction through washmg with water as asolvent. Oil lost to the nuté and the flesh is minimutm in the non:sterile process
yet high total recovery is obtained with the stezile method. The extraction stcp is outlined below

Extraction

The flesh, partly devoid of nuts, is squeezed by hand if the quantity tobe proces:ed is very smell.;Hand préss ot mechanical

press is used for larger production capacity. Pressure is applied on the flesh and the oil is squeczed out in proportion ta

the applied prcssurc ‘This means that the efﬁc:cncy of the oil recovery docrensed with the applied pressure, €.g. manual
pressure hand press mechanical press. The pioncer oil mill is an adaptation of this concept with provision for increased
pressure to improve extraction.’ At the instance when emulsion is observed fiom the'press or at:the!limit of the applied
Pressure, the extraction is stopped. The de-oiled meal is used as fuel. The oll snd nuts-are stored for refining and further
processing respectively.

In the non-sterile extraction process, the emulsiticd phase is stirred bnsk}y in (he presence of infiltrgte air. Hydrophobic

oil particles, produced by the stitring process, atiach themselves on the air bubbles and flgat to the surface of the vessel

The float is skimmed off regularly and beiled to scparatg the oil from water and FF A sludge. Significant loss in recovery is

expsrienced at this stage due to Jow efficiency of bubble-oil contact and the inability to completely decant the oil from the
sludge. -

Refinlag

The word 'refining’ as applied in the indigenous oil extraction process is trniled to:the removal of some FFA by fire

treatraent. . Soft oil produccd by the sterile process is heated to boiling and a small quantity of watet is added. Boiling is

intensified and the mixture is allowed to stand for one or two hours before coolit:g lo room.temperature. Purified oil is

decanted and the FFA - water sediment is disposed of as sludjs. The purity ahd froshniess of the bil is judged by the amount
of sediment left after the refining process. The smaller the quaxtity of shudys, thé iigher.thé puirity and vice verss

Som¢ infportant considerations in the mdlgenous extraction processes includes:

i) The use of steaming (sterilization) to cnhance oil extraction and improve purlty

if) The uso of water as a solvent to maximize oxtraction of oil from the megl and seeds:

iif) The use of air gas as a third phase in breaking th oil-water omulnon, and

iv) The apphcatmn of heat to promote pbnso separation

Through the sbove pnncaplcs were employed without explicable theovetical sefercnce, their collective effectiveness justifies
their consideration in developing an appropriate téchnology for Nigeria.

ALTERNATIVE TECHNIQUES
Concern over the use of Hexane as a solvent in the exiraction of edible oil has led many rescarchers to investigate alternative
solvents for use in the vegetable oil extraction industries. Wolf autlined some of the fcars/ dlsadvan(agcs in the use of hexane

- It is an expensive petroleum product of limited avmlablhty
- It forms explosive mixture with air

- Itis cxtrcxhcly flammable

- Its vapours are toxic

<. Recovery of hexane form oil and meal is eaergy intensive
- High solvent loss due to incdmplete recovery.
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Several al(ematlvo ‘golvent 'systems -have been examined as. possible replacements for hexane, including alcobols,
balogenated cI'm:ocarl- s, water and suporcritical carbon dioxide (Beckel et al. 1984: Mckinney etial,, 1959; Lawhon et
al.. 1981} Friedrich and List, 1982, Khor.and Chan, 1985; Arngld and Choudhury, 1962). Most of the systems investigated
could not be commercialized due to toxicity and other health related implications: Water wes evaluated as a solvent for the
recovery of oil from soybeans and the system was deficient on the following accounts (Lawhon et al, 1981)

Low yield of oil

The need to operate at stringent sanitary conditions than needed with hexane processing,

It $hould be recalled that water was used as a solvent in the rural techniques of extraction when maximum recovery was
desired fromthe meal. The low yicld reported above can be attributed to emulsion formation, Advances in treating
petroleum oil-ficld;emulsions suggest that with appropriate combination of techniques, the low yicld problem could be
overcome. Stérile treatment at various process steps could reduce the .sanitary problems mentioned above. The author
believes that the problems cited aboye. with respect to water as a solvent, can be overcome by proper selection of teclology

THE MODIFIED RURAL TECHNOLQGY
Itis necessary at this point to look at same of the advantages of waler.as an extraction solvent:
L ILis-nqn-(oxiC and a nmversal dolvent

2. 1tis generally available and herze devoid of probleis associated with materials and chemical importation
3. Itis relatively cheaper than hexane snd otlier petroleum-based solvents,
4. It hagwseful physicaland, chemical propetties which are amenable to efficient phase separation
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Fig 1. Flow diagram of the Propostd Oil extraction process from _vegeiablc,dil-sceds

3. It has been eflfectively utilized in rural oil extraction processes to maximize oil recovery.
A modified rural technology for, vegetable oil extraction is being proposed based on the following facts:

. De-cmulsifieation of 4 flrst order svstem can be achieved by apphcatxon of sufficient kinetic energy to the
() molecules of the dupcrscd and continuous phases in the system,
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Increase in temperature enhances phase stparation of an oiliin water emulsion by modifying the densities
viscosities and interfacial tension (surface tension)

Centrifugation, filtration and chemical treatment have been used effcctively to break emulsion {Anonvmons
1084)

Oil is hydrophobic

Figure 1ia a.schematic of a flow diagram depicting the process steps necessary for vil oxtraction usuig water.as a solvent
Brief description of these steps follow.

Sterilization Pre-treatment

This is similar to the processes used in ¢dible oil extraction described earlier. Steaming of fresh fruits and bunches to soften
and enhance removal of the mesocarp from the nuts is htcopplished by this process

Size Reductlon

The stefilized,oil seeds are crushed and ground to increase the available reaction sm'faee for the extraction. It is essential
to reduce the particles to a size that will yxeld a specifiodurface area greatet than 600cad”, The size ‘commonly encountered
in conventional practices gives about 240cm™ specific surface area, This is considerably: larger,tha the liberation size.

Sterile Washing

Hot water or steam is used to wash the crushed seeds and the vil is extracted int6 the fiqna phase, The emulsion ot liquid

phase has a good electric conductivity and does.not'wet hydrophobic surfacesi Countei:cutrent-decantation-(C.C.DY)
technique will be effective in washing the meal to mimmize oil loss.

Solid-Llquld Separation

The de-oiled meal and other solid particles are removed from:the emulsion. by filtration. The résulting solid portion i
compyscted for use in animal feed production or as fuel. The filtrate is pumped.into a storage tank for further processisg,
De-Emulsification

This is tha:crucial step in the extraction process. The hydcophobicity of 6ilis exploited at this stage by adding appropriats
surfactant to reduce the surface tension of water. Air or sclected gas is pumped into a srixing charhber whers the emulsion
and water are mixed. The multiohase mixture is then pumped through an orifice ora gas: pump (Figure 2), “The outpur
from the orifice is fed into a circulation:tank as shown in Figure.3. Phase separation gecurs in the tank as the yir, oil, atid
water will scttle out in-response to their densities. The vatious output, phases are tapped oil is sent forrefining while the

air-and water will be cleared and recycled.
THEORETICAL CONSIDERATIONS
The Centrifuge

Sedimentation centrifuge has found applicatio in many industrial separation processes. All.¢omponents of a system
compnsmg one or more particles suspended in a coatinuous liquidphases thatis enclosed In a rotating cylindrical container
expcrxcnce centrifugal force. This force is represented by the equation.

fe,™ mw [
where,
Fe.=, centrifugal force
m = mass of particle
w = angular velocity
r = radius of path
From equation (1), the angular acceleration is given as
a = w?r 2
In the centrifuge, the particle is acted upon by gravitational force (w) and the centrifugal for force (Fe). If the gravitational
force is represented by the equation

® = mg (k)
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M [ B lwdﬂ' aﬁon.a}lq;wmdty,' lhg'eqmpa:i‘_son'pflhe two forces is a measure of the power'of the centrifuge. The
ration of centrifugal force gver the gravitational force is known as the Relative Centrifugal Force (RCF),

RCP= o’1lg Q)

Substituting & = 2xn and r'= D/2 In the above equation and writing In famiilar units.

RCF, =.3.55x10%0’D, ()

wheren = revolution pei minute, (tpm) |
D = inside diameter of tube or bow), cm
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Fig. 2. Multiphase Mixer, and Nozzle

‘The range of values encountered,in commercial applicatiod is 200 RCF' 125,000. (Anonymous,'1984)

In a two phase system, the separation characteristics can be analyzed using the differenée between the dispeFsoid or solid
density (Ps) and the continuous phase or liquid density (PL).

For

Ps-PL<.0 solidis skimmed from surfaczof continuous phase,

Ps-PL =0  No phase separation,

P;-PL>.0 Solid migrate to the well of the centrifuge..

In treating vegetable oil emulsibn, Py represents the derisity of oil and P is the density of water. It can be seen that foc any
given temperature, P; - Py will give negative values. ‘This suggests that oil will be skimmed off the water at the completion
of scparation. '

It s also possible to develop other simple devices capable of producing the range of relative kinetic forcé obtained in the
centrifuge. . Figure 2 depicts ons of such devices which will b anatyzed in the next paragraphs.

The ozzle , s
When a fluid is flowing through a variable diametes pipe (duct) the velocity of the fluid éhanges with the change in the
;liqmetei of the duct. For a constant mass flow condition, the velocity of the fluid in the pipe (duct) is inversclx proport_no_nal
{0 the pipe diameter. A particle in the fluid will acquire sore kinetic energy duc to the fluid motion. -The force can genérally
be represented by FN for one-ditnensional steady flow condition.

FN = PAV,? ©)
where

FN: =, ‘Porce acting ow the particle;

P; = deasity of the particl,

A, =  cross-sectionaliarea of the tube, -
Vx = velocit} of fuid along x-direction.
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‘When the flow is through a circular pipe, the area is given by A= xdi*/4 and ik subslitued in equatioa (6)
FN = 'ﬂ/‘(pdtzvz)

where de = diameter of pipe or tube.

From equation (1)

Fo'= PZo’r

where Z = volume of particle,

For a spherical.particle, the following cquation is derived

Fe = n/6pds’w’r

And d¢ = diameter of particle.

The ratio FN/Fe will bé known as the relative nozzle advantage (RNA)

Hence

RNA = (15d3%)/(dw’n)

This nozzle force can be compared to the gravitational force to obtain the corresponding Pelative Nozzle Force (RNF)

RNF = RNA xRCF (12)
Hence
RNF = 6265 Q%d¢’di? (12)

where Q = volume {iowrate (gpm).

It can be seen that tiv: value of RNF is directly dependent on the square of the volume, flowrate and mversely dependent
on the cube of the particle size and the square or the pipe diameter. Equation (12) is a design equation witleh can be
manipulated to obtain the required condition needed to effect phasé separation for, a given multiphase system.

Considering the differences in density betwees the oil, watet and akr! the liseat digplacemertexpetienced by eachparticle
of equal diameter due to an applied force will vary. Such variation: can result in the stratification of the_particles. By
providing a quiescent path for the pbases to scttledut. the giMean bis'skimimed off while'the'au(ztis) and watér are cleaned
and recycled in the.circuit for.optimum efficiency
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Fig. 3. Experimental Bubble Column Floatation Unit,
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The Characteristics of amultiphsse system was independently investigated using water and air mixture (Ette and Poirier,
(1985), Data from this inyestigation will-be uaid in. analyzing the design equation. Also, data was collétted from the

extraction of an oil-inswater amulsion (coconut-oil milk) in a centrfuge:

RESULTS AND DISCUSSION

Oil extraction by the pfoM;uchoiqueeinw)‘lcs a multiphasg separation.! An earlier. work carried out by the author:to
Investigate the dynamics of two-phase flow.in n bubble.column flotation unit will form the source for some of the data used
in analyzing the model. Figure 3 depicta the pnis from which data for volume flowrata (Q), particle diameter (ds), and the
orifice diameter (d) were obtained.. The differenca betwaen. this system and the proposéd technique is that pure water. was
used instead of an emulsian, heace making the pew process a three-phase system (oil: water-gas)
Production of sphorical bubbles of fine paxticlosire wps Accomplished by addition of 8ppm of surfactant to the water. The
average measurable bubble. diametor (ds) was 0.098 mm. Much finer sizes were produced:as.'cloud” at-the instant of exit
of the orifice whichhad.a dianieten (d) bqual 01125 mm. Particle size was influsnced by the flow-rate of the. water (Q)
which was varied from 5.8 to 7,0 gpm,, The higher the flowrate, the:finer.tho particies. For the analfses; Q =+7.0 gpm, ds
w0 cay; and.dp =11 25.co,
Introducing the above values into equation (12) gives RNF = 2,087 x 10’ Compared with.th_e,gCFvaluec for, commercial
centrifuge, RNF'obtatued fropm thjs syatem § 157 2 (0 timen the maxigustv obtalnable vaiue in the centrifuge, In addition
is the ability toobtainsuch high values of g)n 120 Xystom, 1ts varsntility wd flexibility snsure ndaptation of the uit to produce
my desired condition forsffettiva segivation:
It was necessary to test tho, practical, feasibility. of the centrifuge soperetion process.. Hencs an oil-in-water emulsion
(coconut-oil milk) was prepared for soparation. The diameter of the cartrifiige tubo was 1.0 cm and the fevolution was set
at 1200rpm. At was posaibls to sgparatgthe ol (reana) from the wates aud the solid particles also settled downat the bottom
at the centrifuge showing stratification due 10 ¢4 sty variation, Introducing thesa data iato equation (5), the corresponding
RCF value was equal to 51.12. From eqoation (12 RNF = 62.65 if tha values of Q, ¢s and drWere st at unity respectively.
This indicated that a miniraum b 1.44x10° prlinos of emiulsion can be treated per day utilizing 22.6% scparation advantage
over centrifugal processivg. The absence of ri¢ thanical moving parts in the design minimizes maintenance cost and
down-timedue (o equipment fajluse. The svstem:ia vortable and can be used for small-scale and large commerciil
productionwith mimmum modification of the design vaciables.

CONCLUSION
1. Nigeria has abundant vegetable oil-sceds form which oil could be profitadly extracted cn a commercial scale:

2. Cost of extraction chemicals and the petential health bazards inhecest in these chemicals necessitate the need for
alternative extraction methods.

3. Using water 8 an extraction solvent gencrally ptoduces emulsion which decreases recovery of the oil

4. De-emulsification canbe accomplished by p¥ical and chemical techniques including centrifugation, reduction in surface.
emission, etc.
5. A methodof oil extraction/emylsion.separation based on indigenous practices and particulate rheology and dynamics 18

proposed ) '
6. The techniaue. will provide sterile extraction with high production capacity and adaptation to-small scale Or large scaic,

operation

7. It is capable of profucing high g vatucs which with appropriate surface treatment, particulate stratification will occur
based on density differences. | 4 _ '

8. The technique has the following poteatials over the sedimentation centafoge scparation:

(a) High production capacity,

(b) Simplicity in design and the absence of mechanical moving parts, and
(c) Overall low mainteasnce and operation cost.

RECOMMENDATION p .
1. More studies should be-carried outto establish the performance of the tec'iniquo using some locally available oil-sceds.

2. The effiect of orifice diameter, volyme Aowrate and particulate size on the scparation process should also be investigated.
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3. Screening of acceptable surfactants for surface tension modification should be carried out,
4. Optimization of the process and provision of adequate parametors for plant, design should be expldrad
'5. Economic feasibility studics should also be carried out
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