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ABSTRACT

Fesearch has shown that plant ods (edible or pon-edible) ame potential seumce of ubncands dus
to their bisdepradability, sustirability, renswability and eco-Siendliness. Palm kemel of was
usad as feed sbock in thiz shedy due oo its availability and afordabilivy. It was Tans-esterifisd
without estenification (as its FFA was 1.92 ms FOH's) to biodissel using po@ssium ydrosids
(EOH) as catabyst and methame] as solvent. The polyol ester was syochesised by adopiing ceniral
conposite design of response airace methodolosy (FUSM) as the expenmental desipn Edrylens
ghycol was use as polyol for the béo-hobricamt producrion with emperarore, tme and cambyst
Concenmaton as the indspendent varables. The result shiwed a masopoom vield of 87.13 % at
operaing parameters of 120 20, 60 mimmfes and 0050 Yowitwi of fenperaiore, Gme and catalyst
concenmaton respecively. Some physicochemscal popsrdss of the bio-lubrnicant suwch as
viscosity at 40 “C and 100 “C, flash peint, pour point and viscosity mdex were deternyined as
4210 ¢St 422 oSt 183 °C, -6 °C and 232 respectively. The results wers compared with
relevant intemational standards which esmblizhed its potential usage as gear od

Catalyst

10  INTRODUCTION

The iofistfion Im energy demnand depletion WM the ol reserve, and negative
emaronmenial inmacs of peirolems-based ibnicants have stpmlated the ongomg research oo
an alvemadve that is renspable and eco-friendly, Fessarch has shown that vezeable basad
babricant is considered o be a sunmble altemaive. However the use of vegeiable oil in mw form
is characterized with poor themual stability, poor oxdaison and low temperators propersss. A
habricamt is a substance (solid or ligod) nfmated between two mering sorsces or comact bodies
especially of a machine o mimimize the effect of fiction soch as wear and promote iz eficency
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(Salimon of i, 30100 Ciher nses of libncani= are beat ansfer (cooline azent]), vibation and
mwoise redoction, coarosion prevention and cleamins agent (Jain and Suhame, 2013 However,
bubricami= have been categorized nfo three catesones depending oo the base siock which cap
gotten from the fractonalization of cude oil at 300 °C and 370 “C and hawing carbon atoms in
each molecnle befwesn 30 and 20 (Fan, 30107 Syothstic base hbnoands are result Sem
chengical modification made to minetal based hobricants. They possess prefemble propertes to
loy e to the absence of sulphor amd nicrogen condent which nanmally esdst in mineral bass
babmicamis (Blmsham, 2007, The mineral and syofhetic base lubnicands are tosdc io the temesirial
and aquatc environment. Furthermore, they are chamcrerized with non-desradability, nom-
renewabiliny amd poses danger o the growih and development of plant, aninea] and af long o
man The biolosical based ibricands can be of vegetable (o g palm keme] ripe-sesd castor &tc)
or of animal (e.g sheep (Janolin], fizh and woal o). They are known as chemically inehoemides
of farty acid with hirher mherent qualites soch as excallent nbricity and bidesr adabdliry. flash
renewable and eco-fisendly. This umiqoe featares of biologically base hobncani= has led o b=
incmease i demand wihich recenily accoumts fwr B5-90 %% of the total global lubrscand production
workiwnde (Erthan o ai, 20H¢). Bie-lolmicanis are biologpcally base lobncants thai are
renswable, hiodepradable and non-foxic 1o lumeam, pland, animal and aquatc ervironment Bio-
botricamt has i umderzo a lof of dhemacal podification m onder fo enhance the ploysicacdenmical
propermies and serve as a considemable ashstnne Sor petraleam or syntherc based hibricands {Tain
and Suhape 200230, The possiviliny of usins vegstabls oil as a poiendal feed stock fr ubmicans
is doe i the presence of mighwerels (Srvastava and Sahai 3013; Willine, 21} However
chenyical modificaton soch as epomidation, esierificaibon, Tams-esterificaton and seleciive
hydmeenaton can be camied out on cnade vegembls oil o overcoms the albove constrains (Besul
wr @i, D011). This shady was aimed at the prodoction of bio-lobricant from PELD by Besporss
amface methodokopy (FSM). Major phnsicochemical properties of the sypihesized PEO Tho-
habricamt were determined and conmared with relevant mtematioral standards. Fesponse surfacs
methodalozy (BAM) for cemiml composiie desimn (CCTT) was used in dewelop the experimenial
design nzed for this work. Bespomzse Surfacs Methodolosy (FSM) haz min the attendion of marmy
researchers in desizn of experimenis owing to iz Domeress advaniages. This is becmss
valoes as well as predicimy the infeecbons of more than (9o of more parmmetars and efects due
o combined comiributions of the meanmed responses. It alse belps in reduons the momher of
erpernments and gives ideas of the paitem in which the meanzed msponse is affeced by the
corespondine varatons in parameters (Alhassam or @l 2014} The momber of sexperiments
desipned by CCD is X =2* + 2K + N, Where X is the total mamber of experiments. K is the
mapher of fachors stodied and W is ibe mowber of replicaies. Cenimal compppsite design in
Fesponse Surface Methodology is offen baid o wsing Minstab or Diesizn Expen Soffmmre.
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20 MATERTALS AND METHODS

21  Nisferials

The crade pabm kemel oil wsed for this stady was obtained from a local market at Wishishi
Wizhishi local Government area of Miger State. The materals nsed to conduc the experiment
density botde md two pecks remd botom fask. Feagents such as Methamol (CHOHL),
Sulphuric acid (H:50,)., Potassium hydrexide (KOH), Phenolphthalein, and Eshylene glycol
were sumced and nsed i the Depariment of Asncubural and Bioresommss Enginestins
Laboratory, Federal University of Technology Minna, Wiger State, Migeria.

21 Aethodelosy

221 Desermsmaion g acid vaive and fhee fnmy aod

Thres tirations were caried out and am avemge Sire vakoe of 0.7 was obfained The add valoe
was then caloulated wsine equation 1 (Bilal eral, 2013).

. — [mplerity af RO T Ere ool = (5610
Acid value = '_mp”"mu = 100 1

The result from equation 1 was then diveded by tweo (2] 0 obfain the percentaze of the Gee Gty
acid

222 Bee rans-estergicatian

The base trams-esterification was done by measorins 500 md of the cude PED via measmme
cylimder. It was then poured into a 100 md beaker and heated to a temperanme of 55-50 =T
Methanal was nsed as the sobvent in the rato 1:5 of methanaol o oll. 547 g pofassiom hydnosids
(BAOH) pellet was dissolved m ike methamoel fo fnm poassum meitomde. The poxtore was
poared genily into the pre-heated caude PR while maintaming the temperatore at 35-60 =C oo a
maenetc heating stirrer amd comtimpcashy stirred for $0 mimmes. The produc: of the mixhre was
poared o a separting fimnel and allowed to sefde for hours unol ghoem] and ingumites
sefiled below the impme palm kemnel il methyl ester (PEXOME). The mpare PEOME was
decamted and washed zently with warm water to discard FIOH compernt unti] the wanm water afier
washing appears clean. The pure PEOME was then air dried (Cjoko ef al, 2001).

113 Eperimental desien

The experimental dasizn used fir the nyothesis of palm kemel oil hio luibricars was response
arface methodology (FSM) using central copapesite dasign (OCTF). This method was wsed to
exanmne the relafonship befween the response vanable md a sef of expenmenial factors. The
gxperimental factors for this stody were tempemtare, tims and catalyst conceniabon as shown
in Tabde 1. The duss (3 experimenial Sooor: were used o detenmims the mumber of
experimental muns (2 + 2k + W) which gave a toal of 20 experiments as shown in Table 2 The
prodoced palms karmed odl hobricant was then chamciensed acoording to ASTM standard.
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Table 1: Independent variables and levels nsed for CCD for bio-lnbricant

5o Independent variahles Code Levels

-0 -1 1] +1 0
1 Tempemnare (=) ol 95 08 1el 104] LX) Lia 51
3 Eeacivon trpe (o’ poE I L 120 14045
3 Cataly=t concenfmaton {Mowit]) X 033 R 050 O 0ua7?

Table 1: Palm lermel oil bis-loabricant yield nsims central composate desazm
ELCRE CODED FACTOR ACTUALTACTOR

X b, Y e Temp Tims Catalysi

1 | -1 -1 ] 2] o0
2 +1 -1 -1 130 50 040
3 -1 +1 -1 130 120 040
4 +1 +1 -1 120 120 040
5 -1 -1 +1 10 50 0.Ed
1] +1 -1 +1 130 50 0.E0
7 -1 +1 +l 110 120 0.&0
g +1 +1 +1 130 120 0.E0
& -l 0 ] 2318 o0 0.50
10 +168 0 1] 12582 &0 .30
11 i -1.68 O 1140 3055 050

3 i +1.458 0 110 12045 .50
13 i 0 -1.68 1140 L 033
14 i 1] +1.58 110 L 0.&7
15 i 1] ] 110 L .50
15 i 0 1] 1140 L 050
17 i 1] ] 110 L .50
18 i 1] ] 110 20 .50
19 i 1] ] 110 L .50
20 i 1] ] 110 L .50
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224 Bro-lnbricoms produchion

Thirty zrams (3 g) of palm keme] il metied ester (FEOME) was weighed and poured mio a
two round bofiom flazks simched @0 a Liship condenser Afifer which a specic amoumt of
eiylene glveol and KOH as catabyst were added The mixhae was then maindained at a
temperaiure while stimine at a doation medstermined from the expenimental desizm (COCD
Maix) and same was done for all the twemhy (200 expenmental nms a5 shown in Table 2. The
prodoct of the mixtore was gently poured in a separating fumel and left o separate. This
separation lefi the palm kemal odl bio-lubricant oo top wisch was separated and washed wath
warm water o remove the catalyst added unkil clardty was obiained . Tt was then air dried (Bilal o
al, J13).

A0 EESULTS AND DISCTSSION

il dod vaive and fhee firmy acid (FFA)

The a0d value or acidify of the orode palm kemel oil (CPECN was deternuined as 383 % which
was dividad by two (2) and gave 1.91 %% as the FFA . This value (1.21 %5) was within the linmt
recommended for direct trans-esterficabon withod necessanly esterifyins the odl for efecive
baze cambysed reaction (Mie, 2002).

il Interaction gifec ofthe process woriables

i

=

B Timss - & TEmf

Fizure 1: Effect of temperatore and resciion fme on the PEO bio-lnbricant yield

Fizme 1 shows the effied of femperhmre and time on the béo-lubrcant 12eld as the catalyst
concentration was kapt constant at 050 %%, Temperatore was vanad af kow and high value of 100
*C amd 120 “C respectively, whils reaction time was varied from &0 to 120 ouimses. The reacton
e had more effect on the béo-habrcamt vield as showm in Figore 1. Sipmitansons increase in
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Figlrtl:[.ﬂ:!dﬂlmmt;ﬂ}_ﬁ' conceniraton on the PEO bic-lobricant vield

Figmre I shows the effact of temperature and catalyst concentration on yield The Fimnume shows
that the temperature had maore significans effert on the bio-hubricant vi=ld while an increase in
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Fizure 2: Effect of fime and catalyst concentration on the PEO bio-lobricant vield

Fizma 3 shows the inferaction of tme and cafalyst concenimaizon as the factors were vared from
low level 1o hizh level at 0 to 120 °C and 0.40 to 0.60 % respectively . It shows that the
reaction ftime had more sipnificant effect on the béo-lobncant vield tham the catabyst
concenmation while the interaction of the two fiowoes alse inreasss the hio-Tubricant yisld
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33  Palm kerpel oil bio-lobricant vield apd its physicochemical properties

Table 3: Palm leermed o bic-labricant yield

INDEPEMNDENT VARTABLES YIEL IS
BUNES X, X X FEEDICTED YIFLDY % ACTUAL YIFTIN &%
1 1) (] .4 R B4 03
2 120 &0 .44 20518 IR
3 10 120 0.4 203518 84283
4 120 120 .44 0181 03.083
5 1040 &0 0.5 o2l 24283
& 120 &0 050 Q3112 07.133
T 1040 120 0.5 TE391 TO.74E
g 120 120 0.5 20518 R
e £318 o .50 0J.232 a7a17
10 12582 o0 0.5 20518 20280
11 114 INEE .50 20.07E 00533
12 114 12045 030 01344 84540
13 1140 o .33 202 g7.707
14 114 o .57 25.085 03.153
1% 1140 o 0.5 20518 20470
15 1140 o 0.5 2703 25003
17 114 o .50 20318 20473
12 1140 o 0.5 Ta0a] 25553
12 1140 o 0.5 Br.TaT 20905
20 114 o .50 B3.575 To343

X, = Tempemure, 3 = Time and X; = Mol= Fabgo
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Table 4: Phy=cochemical properties of pakm kernel ol bio-lnbricamt

5% Property This smdy | S0 VG46 IS0 VG220
I Dox pomi 0] 3 =10 "

3 Flash point {*C) 183 230 265

3 Viscosity @ 20°C (c50) 4210 =41 40 =12

4 Viscosity @ 100 °C (cSH) 42 =410 =410

3 Viscosity index 132 =00 =30

The results of the vield and chamctensation of the PEO béo-habricant are shomm m Tables 3 and
4 below. The result showed a paxinmmm vizld of 97.13 %% at oparating parameters of 120 °C, 60
namries and 0.60 “mtwt of temperahure, fims and catalyst conceniraibon respectively as shown
in Tabds 3.

i3] Pourpomg

Pour point is the propery of béo-hibricant that determires its low temperature usability. The
PEC hubricant has a powr point of -§ “C as shomn in Table 4. This value is in agresment with
e vahae specified by Inpearaciona] standard orgamisation for viscosity prade (150 VG-220). The
value from this wodk (-§ “C) is slighily higher than the valee (-7 “C) reported by Bilal e ai.
(2013) for jatropha corcas béo-habricant but slizhthy lower than -5 “C obtained by Binivam ef .
(2015) for castor seed of béo-lobricant This vale is also mmch lower than the wabee (19)
reported by Munza er ol (20014) for PEO hibricant. Arvbain and Salimon (2010 reporied that
higher degres of branchings of esters leads to hizher pour poimts which are desimble propertss of
a lubmicant. Also, from the resulf showm in Table 3, the pour point value recordad In this shedy
apress with I90 WiG-220 bat hizher than IS0 WGE-26 visoosity requirements. The reporad valos
of poar point for the synibesized PED ubricant shows that it can be nsed at low fenpemims
332 Fiooosiy

The mexsure of the ability of oi o Dow is koown as wviscosity (Dave @ al, 2014). The
viscosities of PEO bio-lubricant were determined to be £2.10 ¢St at 40 °C and 4.22 St at 100
“C respectively. The values are in line with IS0 VG-45 and ISCr VG-220 requirements. This is
[Abdulkaresmy ¢ o, 2014). These vahies obtained for this research ame lower than the vahes
(5522 c5t and 1096 cSt at 40 °C and 100 “C respectively) reported by Bilal er al. (2013) for
Jaronha cereas beo-hubnicant. The differences observed may be doe to the faity acd profile of
e base oil or the process condidons/catalytic modification techniques used The findine depict
that PEID polyol ester (teo-habricant) has potential application as a gear od . Fofomobils as is
propemies conform to IS0 WViE-46 and 90 WG 220 requirement for this type of hibricant (Mu=a
efal., W15
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333 Finoosipy index

The vanaton in the behawiour of the habricamt whem subjected to &fferent tempembomes iz
refemed i as wiscosity indew (WL For this stody, the wviscosity indsx of PEID bio-lobricant
recorded was 231 as showm in table 3. This valoe obtained (231) & in agresment with the
sandard specifisd by T30 VE-46 and IS0 VG-220 sandard sperifration for lizht gear odl and
higher than 19522 reporied by Bilal e af. (2003, 190 reporied by Musa o al. (2005) and 201
reported by Misa o @i, (2008). Hizh VI permifs lesser wear and ubmicant consupipiion during
application Tubricants with hizher VI (=130) find a wids wariety of applirations and the hizher
it VL the less sigmificamt the viscosity varnation of the synthesized PED base oil nbocant with
temperyhre fom the ambient temperatore when engme copaponents are af rest o hizh opeating
temperahures (Musa o al., 2005).

334 Filachpair

Flazh poimt s the kowest tempemnme at which a habricant zives off enoagh vapour to form an
izmitahle mixhre with air. In evalosting the un-safe nabme of PEOME and its bio-lobricant
during usage and storage, &is flach point has io be determined For this study, 183 °C was
obiained for the PED bio-lubmcant as ziven in @hle 3. However, this vahee is lower than the
waloes (215 and 240 ) reported by Mu=a e al. (2015 for castor od bio-lobricant and Miasa
ot al. (2016) far palm kema] il huibracars.

40 CONCLUSION

Thi= stody showed that PRI has the potendal for the producton of heodesmadabls hubricamt
using r=achve exmacion. Some physioochemical properties of the bo-tobrcant such as visceosity
at 20 “C and 100 “C, flash peint, pour point and wiscosity index were defermined ac 42.10 cSt.
422 ¢S5t 183 °C, -6 °C and 232 mespectively which show a quantitative agreement with IS0
wisCosity Frade requirements and established is potential nsage as light gear odl
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