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Abstract

Palm oil is rich in carotenoids and the major component of its glycerides is the
saturated fatty acid palmitic. Because of its economic importance as high-yielding source of
edible and technical oils, the oil palm is now grown as a plantation crop in most countries
with high rainfall in tropical climates within 10 degrees of the equator. The individual fruit
ranging from 6 to 20 gm, are made up of an outer skin (the exocape), a pulp (mesocarp)
containing the palm oil in a fibrous matrix; a central nut consisting of a shell (endocarp); and
the kernel, which itself contains an oil, quite different to palm oil, resembling coconut oil
(Poku, 2002). Nowadays in Thailand there is no small-scale suitable machine for farmers to
separate palm mesocarp from palm nut. This research aims to develop a machine to
separate palm fruit mesocarp to yield palm oil of better quality. The machine has four units,
namely a mechanical power unit, feed unit, mesocarp milling unit, and discharge unit. The
vital part is the mesocarp milling disc, which is the main report of this paper. There are three
types of discs according to the surface typography under this study: 1) a disk with small
holes and rectangular steel bars on the disk surface; 2) a disk with small holes, each with 1.2
centimeter diameter; 3) a disk with small holes and small steel items on the disk surface. It
was found that the highest yield was obtained from the disk with small steel items and can

separate mesocarp cleanly from the palm nut.

Keywords: palm mesocarp, separation, palm oil milling
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mmﬂﬁlu‘tj'awamﬂﬁﬁ%a'ﬂaiﬂla%a fvilAansaluiudasslunalrdy uazgrslinaurdusouu
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Tuiindaus 6 fe 20 n3u Uszneudedenduuenuaziudendunans Sududufithiniugs wda
Undudszneudenvauaudaluindy Ssusspinduduiy widusdeluunduiiouaudall
mﬁauﬁuﬁwﬁuméuLLdﬁqmauﬁﬁﬂﬁwaﬁuﬁwﬁumw%ﬁa (Poku, 2002)

ugUdmituiifienudidgmaasegivlutiogiuutdsidu 3 oia fe 931 wiwesn wagd
dwes msaﬁLLuﬂmﬁmﬂJaaU']éuﬁﬁﬁuﬁqmmﬁﬂmmsaé’qLﬂmlﬁmnﬂ'lsﬂﬁﬂgmamﬁu'laﬁ‘if’]mau,as
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A191991 2.1 anwugiuguidunidiy

Anwu 931 WLUBIT Walas
1. Anunuingan (Haaluns) 2-8 0.5-4 UNUN
2. duleseunzan Taid] # Y
3. wa/mvany (%) 60 60 sinumiy
4. Wasnuen/ua (%) 60-65 60-90 92-97
5. nza/wa (%) 25-30 8-15 VNN
6. \ilolu/ua (%) 4-20 328 3-8
7. thifu/wdenuen (%) 50 50 30
8. Wifu/mzany 18195 | 225255 25-30

U7: NSUIVINNTAERT (2547)

wiamaifuismzansUrdutigiy ﬁ]xﬁmi*’uuaiwamﬁmL‘?J'wq‘liamuaﬁ'mﬁﬂﬁuﬂ’]éu Feflnszuaunis
afminuUnga (mill processing) 2 WUV Ao WUUAASFIY (@uiiunen) waznuuduitumeay Toe
Tssamuuuinmsgmidulsanuiiiimdanisndngs Ussana 30 - 80 dumzansunduan/dalus uaz
Suilasaduhiunsae Wesmniinmsueneiavenitundy dwdulssnuuuuiviusandy
Tsenuifitgensudnaeudei wagihiufiaaldiiuidunaussninnhsulduanuden uay
thifudalunda (guéidoundminiugsmugsont, auu)

nszurumskamhsuduuuuldleth Tsanuaiatisuwuuinasgiu uan U7 2.1
nsrUILMIHAnEd 4 Juneu Ao
1. msounzanedalen (sterilization) puilgaumndi 130 - 135°C AvMdY 2.5 - 3 bars
w50 - 75 Wit nMseunzaneaztengaufizenlalulada ivilRiAanseluiudasylunaundu waz
rtliinatndusoutuvanainiaaldiie
2. msuanua (stripping) Humsdmeaeidniaseausnsalrduesnannzane dmiu
neaneiaazgnuensanty antuthraurdlugesieriedesnaundu ileliduudenuenaen
9INEn

3. n1sanauTiu (oil extraction) vndluldsnaufiomnd 90 - 100°C w1u 20 - 30

9 v

Jsznaufs U 66 % 11 24

]
L3

mﬁmnﬁ"’ummﬁ'}méaaﬁmwumﬁmﬁm@: seldulduiuiided
% warvadude 10 %

4. nsvanuagentuUdNRv (Carification) YninduurduRuitldeinnisada da
Wrdanseafioneniuazvecudeonn antutdeleaisafiovhmuazondneda warldinoon
Wierliu dadrdafuinudmiusenisnaundesmiesely thiuurduauiildnenBuassdi
Ao drnvuiidnuuzidureavaiiduuns (crude palm oil olein) Useaad 30 - 50 % d@duandl
FnuandulvBindesdu (crude palm oil stearin) Uszanas 50 - 70 % dwSuninuauiduazgniiun
wenduloeanannude diudail@neuuiuazynanuasen antutdieisansmiziewsn
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nraneen washidaluneuwidliinuduliiu 7 % sntuussgnszasuiesesming viedu
hitusiely dhiduavuesitundeluuduiilénnssuiumsadin aunsadadiglsanuiter
Thugans vieaziluusndau (fractionation) reufld fevxldhiiuurduiifinnendfunndreiuly
(udifounduthiugsegsod, wu)

Palm fruit {Bunches}
Sterilization bunch 2.53bas, 120-136°c, 50-75 min
Autoclaves
Bunchsripping Fruit locsened up to 98.5%
{shsek ing cut fruit) if sterillzgtion is well done
1 > Stems . Stalks,
1 Fruitiess parts of bunches
Codeing . .
Urder stiring 80-100" ¢, 20-30 mins
Pressing Scew presses | 1es idual il ,\ 7%
Broken kernal <5%
Press cske {fibers and nuk ) N
. . Shredding
3 Vibrat
SEeH o aling saesn Preumstics eparation
C lerffication, washing Heating to 30°c nuts fibers
Clxificaticn, washing Sepearaters
| | Was e water =
I P
Drying Water , 0.1 %

Crude Palm Oil

U7 2.1 nszuaumsnaninduuraunuuldlen Tsanuadmhduwuuannsgiu
i gudideundinhiudmingiugisnil ()

YORVDITTUUAD

(1) wAnSasifiatalfdnmhduduniae faunmuasaudimnzdenslidiluingivly
gramnssusaiiios iy mandmbiululefia v
Jo1dev89TEULAD

(1) lunszuumsnaeiinisldlethiwiliamige

(2) sruumIanaUsEnaumsAIasiataviaiesdnsunnin Salaududeutinaii
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nszuauntsvuadniilildlavludfuindusig uansdis 3Un 2.2

w9 (100%%)
Palm Fruit (100%)

T aumis {15-30 uv))
Drying (15-30min)

amnnsswg 20%
I Evaporation 29%

BN UEIN T
Waste Separation

b iRNa U (67%0) aere (3%)
Dry Fruit (67%) wsty, Au (1%)
Waste (3%}
Sand, Soil (1%)

3 & & r
i wasaniul ey
Pressing

l

AURAAHIIUTU LAz Asae
Drying & Filtration

dafuwin (35%0) AnLe (32%)
Crude Palm Qil:CPQO (35%0) Press Cake

JUN 2.2 LHUAWLEAINIZUIUMsvUIatant gt wa vy
f11: Ueudim (2552)
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mnwaﬂwém’awzgnauLﬁ'aaﬂmm%uuasETUé'Ju’qmiﬁwmu‘uaaLaulsaﬁlaLUaLﬁalu"LﬁﬁmiLﬁu%waq
nanlutfudasy wivantu Tasayldnateusm 15-30 mJ."?J”’ua&vjﬁ'umm"ﬁywawamﬁu'ﬁwL‘%'m?fu wae
agfinaimnuazoanasieLAIaNiAILATDIALUUALLASIMNY (rotary screen) HAUTANBULET
flazornazgnaaduedosduiiudaduwuvangine Tnedhiuilldannszuaunisssfuiiunuy
swdetussgwihadaludunaziioundiinliidmeslelofiu (odine Value: V) laivnga
#ensEUIUNINAY (Refinery) ?3\1%v‘iﬂﬁﬁwﬂumnlﬂagﬂ,umimﬁ%'wza‘imﬂwléﬂuﬁmﬁgﬂﬂdwﬁwﬁu
insAas 1-1.50 vsedtandu Bms) wenaniugiinisdnnsevesangiigamsizfunistuiuiy
saadaludsdimuudinnzandeiidndiuvedaniogge iliedouusaiigednwiiaiesdng
roudnegs agslsfimunszuaiunsuuuiiiidefivansgade Lifidwdelunssuaunmsdniamniiouda
Aldamnsalfiluemsdnile

UoRveITEUUAD
(1) szuuiinugeentesnitssuvaiauuuldleun
(2) malleUnduiladinuaansadmievieldiluomnsdnd
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(Decanter cake: DC) 4% ule (Fibers) 11-13% 318 (Ash) 4% wazindeainlssauthdu (Palm
oil mill efluent: POME) 0.5-1.2 qﬂmﬂﬁmmm'a@fummﬂméuaﬂ (Prasertsan and Prasertsan,
1996) a&ha‘lsﬁmmauﬁamdwﬁmmmﬁﬂﬂa%ma&amLﬁﬂlﬁﬁ'ﬂ'ﬁu pnfBtaL Ydeennlsenuy
U1du ansotnlulslunsuanfedanim (biogas) delfidraruiouds 434.3 MJ/m°  POME
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Tunsuannseanwladnme (Sridach, 2010)
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Palm Fruit
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Feeding Screw
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Cooker Cornveyer

wdnovitn] sty i
mmatnu Saew Press Cake
Fibrous Solids
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Vibrating Screen

It

Pahnopuien
Cirde oif

i

fianimishnhsien
Pre-Storage Tank

(A3 asnsaIlLIuAEU I mmbhs
Filter Press — Press Cake

Ushnhaidu
Crude Palm Oil:CPO

U 2.4 wwugiuansnsyurvaiminfuduuuulldlo (hansedn 1 fuwadidusiyam)
ian: Uoudin 3a (2552)

o -~

nssvaunsanaihuunduuuulildledhsuulmld (Uil 2.0) fidunsunisnaniFusiuan
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ponNWEn (Nut) dretnieausniifo-nzanudalu (Demesocarpen (3Ufl 2.5) nzawdaluazgn
ddluiftuiiososwning ahul,ﬁmhémsgﬂdq‘lﬂL‘ﬁwLﬂ%qaﬂgﬁauuuulﬁmwu%au (Cooker Conveyor)
Faaziinslithiundsannnszuaunisnsesunsdruteunduanldifudnhazaneiiudeghude
Undy nésnihuifeunduzgniioudnganguiiu (Screw  Press) Foaglilddurduiv
(CPO) warnnewnsdnd tnsuduauiiasaldassiudiaiosiansesuuudu (Vibrating Screen)
ilonsesnnnervesnuashlufuiudnads daniiuunduiuiiiiunisnsesesgniuddluidngs
\ASpansesuUULY (Filter Press) dvamluntansesandon induiildesanunsaiiudihiasiense

Fwnhensoilunanlulefwanaly Auansgun 2.6 uas JU 2.7
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BUNCH
RECEPTION

BUNCH
STERILIZATION

¥
BUNCH
THRESHING |+ Fmaty Bunches
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FRUIT
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PULP PRESSING NUT&FIBRE | |1 RECOVERY
! v
oiL
CLARIFICATION TS
o TEVING NUT CRACKING
KERNEL
OIL PACKING SEPARATION  |—» Shetis
Kemels ¢
KERNEL
STORAGE

5UR 2.1 nssvaumsanmisiuidu
flan: FAO (2004)
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Iy a ¥ o ¢ & A o & « < ¢ s v O 4 o
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£ a - & A
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‘J d! o W o a [ 1 QI/
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U7 2.12 inFesuenuinurduesnanninleuidu
11: Ologunagba wazAne (2010)
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Ojomo et, al. (2010) leimunaissusnnaU dunnzatey g (gﬂﬁ 2.13-2.14) 39
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Beater arm
Frame
Pulley
Electric motor
Bolt and nut
Fruit outlet

o N o kRN

Crank mechanism
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Value acid (%) A
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lodine Free fatty
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dlormualy W = ndanlwi  mheduilaiad-dalus (kwh)
P = mdalnd mihodudlaing (kw)
t = 18" wihedutalug (h)

n1sAuIuAIRaSlARAn (P)
dmunsmaasdi wemeflduedswenilenaurdueenainudaundy fvuim 2 Hps 3

annsafmaniasluilesai
waLmeIUUIM 1 Hps dinnasini (p)
UaImesvUIn 2 Hps limasivda ()

0.7457 kW
2x0.7457 = 1.4914 kW

mssunumamwasulii W) dleldvtaruwuudi 1 Woailunsuen 2 wil
dle P = 14914 kw
t = (2/(60) = 0.0333 h (aWld)
agld W = Pt =1.4914 x 0.0333 = 0.0497 kWh
waty nsueniforatrduesnannudnudulnelfiedosnisuenionatndusenainun
Unda dieldvinanuuuuit 1 Wmdsaulndh 0.0497 kwh sevdwinuathduiis 999 niu
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W P = 1.4914 kw

t = (2.42)/60) = 0.0803 h (aTIlL)
wld W =Pt = 1.4914 x 0.0403 = 0.0602 kWh
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Unau deldvinanuuuud 2 Tanasanulnii 0.0602 kwh sisviminuauauils 1003 n3u

mMsfnuvnAwasulnih W) deldwtieuuuuit 3 Woatlunsuen 2.28 uni
dle P = 14914 kw
t = (2.28)/(60) = 0.0380 h (La7l4)
ld W =Pt = 1.4914 x 0.0380 = 0.0567 kWh
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Abstract. Palm oil is rich in carotenoids and the major component of its glycerides is the
saturated fatty acid palmitic. Because of its economic importance as high-yielding source of
edible and technical oils, the oil palm is now grown as a plantation crop in most countries
with high rainfall in tropical climates within 10 of the equator. The individual fruit ranging
from 6 to 20 gm, are made up of an outer skin (the exocape), a pulp (mesocarp) containing
the palm oil in a fibrous matrix; a central nut consisting of a shell (endocarp); and the kernel,
which itself contains an oil, quite different to palm oil, resembling coconut oil [3]. Nowaday
in Thailand there is no small-scale suitable machine for farmers to separate palm mesocarp
from palm nut. This research aims to develop a machine to separate palm fruit mesocarp to
yield palm oil of better quality. The machine has four units, namely a mechanical power unit,
feed unit, mesocarp milling unit, and discharge unit. The vital part is the mesocarp milling
disc, which is the main report of this paper. There are three types of discs according to the
surface typography under this study: 1) a disk with small holes and rectangular steel bars on
the disk surface; 2) a disk with small holes, each with 1.2 centimeter diameter; 3) a disk with
small holes and small steel items on the disk surface. It was found that the highest yield was
obtained from the disk with small steel items and can separate mesocarp cleanly from the
palm fruit.

Introduction

Oil palm is economically important because of its high-yield of edible oil. Oil palms are now
grown in large plantation in many countries with high rainfall and tropical climate, within 10
degrees from the equator. The individual fruit range in size from 6 to 20 gm, and have an
outer skin (exocape), pulp (mesocarp) containing the palm oil in its fibrous matrix, and a
central nut. The nut consists of a shell (endocarp) and a kernel that contains oil, similar to
coconut oil [3]. Palm oil milling is normally a large industry with intense investment cost.
Small indigenous industry has adopted the coconut oil screw presses, but yields mixed oil
from the mesocarp and the nuts. The mixed oil is considered as low-quality oil in the market
view point. As its high potential for biodiesel production and the subsequent renewable
energy strategy, Thailand has pushed forward a plan to increase her palm oil production.
However, large plantation is not possible for the limited agricultural land. Many small rubber
plantations were replaced by oil palm trees. To cope with the scattering production, there is a
pressing need for small-scale milling equipment which capable to extract mesocarp oil only.
This paper reports the design, build and test of a bench-top equipment to prove the concept
which is expected to be suitable for further small-scale machine development.
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Design Concept

Product designers habitually balance on the verge of arts, crafts and science, while
customarily co-operating in teams consisting of designers and representatives from other
fields of expertise, they might be rather discerning in identifying the set of implements to
draw from. Such instruments, or more specifically tools and techniques, can significantly
further design projects and the way in which those projects are executed. Creativity and
decision-making are major components of design projects [1]. In general in engineering as we
design new products and systems, we utilize science, and engineering methods and tools to
manage the complexity by transforming the problem from complex to manageable and
controlled [2]. The design of a bench-top equipment, we utilize science, and engineering
methods to reach pressing need for small-scale milling equipment which capable to extract
mesocarp oil. The design concept borrowed traditional manual rice milling machine, where
rough surface mill out the rice husk, which, in this case represented by the mesocarp.

A bench-top machine for oil palm mesocarp separation

The machine to separate palm mesocarp from palm nut was designed and constructed for oil
palm research unit in order to serve small farmers. It comprises of 4 units namely, a
mechanical power unit, feed unit, mesocarp milling unit, and discharge unit. Fig. 1 shows the
designed machine. It’s frame is made of steel, and the bottom of frame houses a motor
connected via gears to the mesocarp milling unit, with linkage to the feed unit on top of the
frame. The output unit is between the motor and the mesocarp milling unit.
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Fig. 1. Drawing of a bench-top machine for oil palm mesocarp separation.

The bench-top machine for oil palm mesocarp separation (Fig. 1, Fig. 2) consists of the
following parts:

1 - structure frame

2 - tripod

3 - disk

4 - axle

5 - bucket

6 - screw

7 -1id

8 - motor

9 - tray

Materials used to construct the machine that separates palm mesocarp from palm nut were as
follows:

stainless steel

metal sheet

metal structure

knot and screw

motor and gear 2HP, 380V 10RPM

flanged rigid couplings

ks =
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7. flange bearings UCF 208-40
8. control box

ig. 2. The palm mesocarp separation machine.
Testing of the bench-top machine for oil palm mesocarp separation

On testing the efficiency of this machine we used three types of separation disk: 1) a disk
with 52 rectangular steel bars (1x3 centimeters) on the disk surface (Fig. 3(a)); 2) a disk with
36 holes, each with 1.2 centimeter diameter (Fig. 3(b)); and 3) a disk with 32 cylindrical
rounded steel protrusions (0.8x3.5 centimeters) fixed flat on the disk surface (Fig. 3(c)). In
the efficiency tests the third option separated palm mesocarp cleanly from palm nut.
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(¢) Separation disk with 32 rounded steel protrusions (0.8x3.5 centimeters) on the disk
surface.

Fig. 3. Different separation diskes.
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Fig. 4. Palm mesocarp and palm nuts after mechanical separation with the machine described

using the third option.

Table 1. The efficiency test result of a bench-top machine for oil palm mesocarp separation.

Types of microwave palm vapor palm
sepafation pa'lm sepgration S eparation pa.l m sepf.n‘au'on separation
disk weight time e weight time R
. characteristic — characteristic
(2) (minutes) () (minutes)
Disk with 1001 2 The disk can’t 999 2 The disk can’t give
52 give clean clean separation of
rectangular separation of palm mesocarp
steel bars palm mesocarp from palm nuts.
from palm nuts.
Disk with 1003 2.07 The disk can’t 1003 242 The disk can’t
36 holes separate palm separate palm
mesocarp from mesocarp from
palm nuts. palm nuts.
Disk with 1005 2.01 The disk can give 1001 2.28 The disk can give
32 steel clean separation clean separation of
items of palm mesocarp palm mesocarp

from palm nuts.

from palm nuts.

The efficiency test result of a bench-top machine for oil palm mesocarp separation shows in
table 1. Disk with 52 rectangular steel bars can’t give clean separation of palm mesocarp from
palm nuts, disk with 36 holes can’t separate palm mesocarp from palm nuts, but disk with 32
steel items separated palm mesocarp cleanly from palm nut.
The initial users of this laboratory bench-top machine include researchers, teachers, and
students who studying palm oil production. Later on similar machines can help farmers
separate palm mesocarp from palm nut, so that they can compress palm mesocarp and
produce palm oil themselves, which is a new option in managing the economy of the farm.
The palm fruit can be easily and safely separated into palm mesocarp and palm nut, and the
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power consumption is low, while the machine is robust and should require little maintenance.
The palm nuts were not cracked in our testing. Fig. 4 shows palm mesocarp and palm nuts
after their separation, and demonstrates the cleanness of this separation.

Summary

We designed a bench-top mechanical separation machine for the process palm fruit so that
mesocarp and palm nuts can be collected. The design of the machine ensures safe operation,
the energy requirement is low, and the design is robust for practical use. In efficiency tests, a
separation disk with rounded protrusion on the surface of a perforated disk gave clean
separation of palm mesocarp from palm nuts, and the processing required about 2 minutes per
1 kilogram of palm fruit. Aside from research use in the laboratory, similar devices could be
useful to small-scale processing on farms.
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