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Utilization of Crude Palm Oil To Produce Biolubricant Through
Process of Epoxydation, Hydroxylation And Acetylation

Muhammad Faizal', Muhammad Said' and Zainal Fanani®

Chemical Engimeering Department. Faculty of Engimeering, Universitas Sriwijava, Palembang, Indonesiu
“Chemical Depantment. Faculty of Mathematic and Natural Seience. Universitas Sriwijaya, Palembang,
Indonesia
[:-mail address: mlaizal 1405 @ gmanl com

Abstract — The aims of this research 1s to determine the optimum operating conditions and 1o
study the reaction kinetics of hio-lubricant production. Biolubricant has been produced using palm
oil as a raw matenial through epoxvdation. hyvdroxilation and acetylation processs. The highest
CONVETSIon was a reaction at a temperature of 80 °C and at 25 minutes with the conversion value
of 64.14%. In this research, also the reaction energy actuvation of reaction 15 4,834.4 Vmole, The
reaction enthalpy at a temperatwre of 70 “C and 80 °C are of 19815 J/mole and 1,898.3 Imole
respeclivelv

1. INTRODUCTION

Production of lubncants made from vegetable o1l (mo-lubricanty 1s as part ol cfforts w0 reduce the use of
lubricant made [rom petroleum.  This bio-lubricant can be used motor vehieles and heavy equipment. The raw
materials of bio-lubricants can be derived from vegetable oils such as palm oil. Vegetable oil 1s available in large
quantiies and can be renewed. and sustainable. Bio-lubricants has good charactensties: stable to heat and
evaporaton, low emssions The term bio-lubricants applies to all lubricants, wlhich are both rapidly
biodegradable and non-toxic 0 humans and other living organisms, especially in aquatic environments [1].
Wasle cooking oil (WCO), which otherwise finds no immediate potential utilization can be successfully used to
synthesize bio-lubnicant |2, Plant seed oils are renewable alternatives to petrochemicals. but they eannot be used
in thewr raw form excepl they are suitably modified [3]. The production of biolubricants from palm oil and
Jatropha oil through two stages of transesterification has been studied |4] Utihzation of vegetable oil o be
converted o polvurethanes has been carried out [3]. The exploiting fatty acids in the preparation of biobased
polyols and polyurcthanes has been camed out [6]. The aims of this research are o determine the optimum
operating conditions and to study the reaction Kinetics of bio-lubnicant production

2. METHOD
2.1 Chemicals

The chemiculs used m this work were refined palm oil, 30% 11:0z, methanol, anhydnde acetic acid, glacial
D/,

acetic acid. sulfuric acd 2%, bentonite, sodium hvdrocarbonate, violet ervstal indicator. HBr 0.1 N. indicators
phenolpthaleine, ethanol. 0.1 N NaOH. and distilled water

2.2 Procedures

A volume of 200 ml of palm oil and 40 ml of acetic aeid (purity 99%) were put in a reactor. This nuxture then
was heated at 70 °C. The hvdrogen peroxide (Hz0:) and sulfunie acid of were added drop by drop to palm ol
I'he reaction was carried out for 120 minutes.  After completed reacton. the mixture was then cooled. Epoxy
compound then was punfied by addivon of water of 200 ml and then salurated by addition of NaHCO;5 solution
i water of 100-200 ml. A 150 ml of epoxy and 100 ml of methanol was reacted to produce polyol at 40 °C for
120 minutes. Benthonit was used as a catalvst. Finallv, 60 ml of polvol compound was converted 10 bio-lubricant
by the addition of 6 ml of anhvdrate acetic acid of 97% at a temperature of 70 °C and 80 “C. Bentomte was used
as a catalyst. The polvoester sampling was analyzed for each 3. 10, 15, 20. 25 minutes. Figure | represents the
scheme of experimental procedure of biolubricant production.
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Figure 1 Scheme of Experimental Procedure of Biolubricant

3. RESULT AND DISCUSSION

lable | represents the physical and chemical characienistics of the standard of relined palm oil. and palm o1l as
raw material respectively. Bused on Table 1. 1t can be seen that the quality of palm oil used in this studv meet
the standard value so that palm o1l can be used as a raw material for making polvolester through epoxydation
and hyvdroxviauon process

Table 1 The result of palm oil quality used in this research

No Parameter Unit Standard of Result of this
Refined palm o1l research
I Density kg/m? 923 922
2 Viscosity centipoise 494 49.5
3 Oriarun Number %O [IREES 0,044
4 Acid Number mg NaOll/gr 0.704-0.728 0.720
of oil

Table 2 represents the physical and chernical characteristics of epoxy and polvol compounds. The physical and
chemical properties ol mtermediate products (epoxy and polyol) were changed. Aller hydroxilation reaction,
there were the changes of physical and chemical charactenstics between epoxy and polvol. Based on Table 2. the
density decreased Irom 939.1 kg/m? (epoxy) to 924.0 kg/m® (polyol). But both densitics of cpoxy and polvel are
greater than the density of the raw material (922 kg/m?). For the value of kinematic viscosity. at temperatures ol
40 ° €. the kinematic viscosity of epoxy compound (56,1 ¢St) 1s higher than the kinematic viscosity of polyol
(40.3 ¢St). This different Kinematic viscosity of both compounds is caused by differences in the structure of
molecular between the epoxy compound and polyol compound. Al a higher temperature (100 °C). there was a
decreasing ol kinematic viscosity for cach type of epoxy compound and polvol compound. This phenomena is
due to the mereasing of temperature that the distance between the molecules was longer. In addition. the
movement of each moleeule will more rapid due 1o an increasing n the kinetic energy of cach molecule. The
viscosity index value between the epoxy compound and palyel produced quite different. The viscosity mdex is a
number that indicates changes in viscosity due to temperature change. As we know. this viscosity index can
describe the stability of a chemical substance or physics to changes in temperature. [ the viscosity index greater
the viscosity. the stability of the compound 1s better. Stuble properties of these compounds indicate that the
bonds between the compounds present in these substances are also more stable, Stable propertics ol a compound
are very important in @ lubrication svstem of an engine. Therefore, with stable propertics. the lubrication
properties of the machine can work well, either at low temperatures or at high temperatures. The viscosity index
ol the epoxy compound (162.1) obtained was greater than the viscosity index of polyol (143.5). This dilferent
viscosity index can be said that m terms of stability against temperature. the epoxy compound is better than
polvel compound. However, for the lubricating oil to be produced later 15 a polyoester compound. The changes
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m the chemncal properties of the epoxy compound mtwo a polyel compound comes from the change ol oxvrane
numbers. The difference 15 very clear in physical properties between epoxy and polvol in the term of oxyrane
number. The oxyrane numbers of epoxy compound of 4.3 %0 are greater than the oxvrane number of polyol of
36% O, This condition due to the epoxy compound had oxyrane-oxygen groups, while for polyol. the oxvrane
group (COC) change into COCIHLCOH group

Table 2 Phy

al and Chemical Characteristies of Epoxy and Polyol Compounds

No Physical and Chemical Unit Value
Charactenistics vy Polvol
| |');:|1;~;][‘\ kl_'.lllla 9391 924.0
2 Knematie Viscosity eSt 56.1 405
{al 40 °C)
(at 100 °C) eSt 14.0 1)
3 Viscosity Index - 162,1 1435
4 Oxyran Number %0 4.3 0.36
5 Acid Number mg 091 122
NaOH/mg
sample
6 Hydroxil Number mg 1691 351.0
NaOl l/mg
Polyol

Table 3 shows density. kinematic viscosity, viscosity index and an acid number of produced polyester
According to the Table 3. the mimmum density of polvoeser compound was of 9315 kg/m® at temperature 70 ©
C and at a reaction ume ol 10 minutes and a maximum value of Y37.0 kg/m* at a temperature of 80 °C and at
reachion time lor 20 mimutes. The mimimum Kinematie viscosity ol polyvolester at 40 ¢ ¢ measurement was ol
53.97 ¢St al temperature reaction of 70 °C. and for a reaction time of 10 munutes. The maximum kinematic
viscosity of polvolester at 40 © C measurement was of 38.50 ¢St a1 lemperature reaction of 80 © C and at a
reaction ime of 25 munutes. At a temperature of 100 °C, & mimmum kinematic viscosity of polyvolester was the
value of 12,69 ¢St at a temperature of reaction of 70 °C and for a reaction time of 20 minutes and a maximum
kmematic viscosity of 1588 ¢St at a temperature of a [raction of 80 ° C, and at a reaction time ol 23 minutes.
The kimematic viscosities areligher than the standard value of SALE SW30. The mumimum viscosity index of
polvolester  was of 160.0 at a temperature of 70 °C and for a reaction tme of 20 minutes and a maximum
viscosity mdex of polvolester of 164.7 was found at a temperature of 80 °C and for a reaction time of 5 minutes,

Table 3 Density, Kinematic Viscosity, Viscosity Index and Acid Number of polyvester

Kinematic Viscosity Aad

; 7 . Density Eal) Viscosity Number
No  Acelylation Variable /) [ridlis (mg

e 40°C 100°C K NaOH/mg
sample)
iy e 623+ 107 £ 163
b, 2 (minule)

| 5 931.9 54.29 13.62 162.7 0.54
2 10 9315 5397 14 .04 164 6 0.36
5 70 15 9334 54.54 14.12 163.6 041
| 20 933.6 54.79 12.69 160.0 0.64
3 23 933.5 54.34 14.50 164 .6 067
6 3 931.7 54.36 14 80 164.7 058
7 10 0324 54 .31 15.07 164.6 0.52
8 K0 15 9336 34.15 14.60 164.5 0.77
B 20 937.0 35.40 15.49 1646 .68
10 25 936.9 58.50 15 .88 163.0 0.33

The value lubricating viscostty SAE SW-30 1s of £ 163 I the viscosity index value of a lubnicant does not meet
the standards. then the polyolester compound can be added an addives 1o increase viscosity stabihity, The
mimmal of acid number (0,33 mg NaOll/mg) was found at 80 °C and reaction time of 25 minutes. The
maximum acid number (0.77 mg NaOH/mg ) was obtamed at 80 °C and reaction time of 15 minutes. If acid
number of brolubncant is small. so the quality of biolubnicant 1s better. [ligh acid number of lubricant used can
cause corrosion n the machine. To mumimize the acid number close 10 zero, then the polvolester compound can
be added an additives such as pl l-neutralizing compound,
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Figure 2 represents the reaction conversion of polvol 1o polvester at temperature 70 “°C and 80 °C for 3, 10, 13,
20 and 25 minutes of reaction ime.
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According to the Figure 2. mereasing of reaction temperature.  the converston of polyol to polyoester (bio-

lubricant) was increased. Also, increasing of reaction time. the conversion of polvol to polyoester was increased.
The highest conversion was a reaction at a temperature of 80 ° C and at 25 minutes with the conversion value of
64.14%. In this rescarch. also the reaction energy activation of reaction is 4.834 .4 /mole. The reaction enthalpy
ata temperature of 70 °C and 80 °C are of LYS1.5 Fmole and 1.898 3 /mole respectively.

4. CONCLUSIONS
The conclusion of this work are:

a.  The conversion value of polyol 1o polyester through acetvlation process was increased if reaction
termperature and reaction time mereased

b, The highest conversion of polvol to polvester (64.14%0) was obtained at 80 “C and reaction time of 25
minutes

¢.  The reaction activation energy E was found of 4834 4 /mol, enthalpy ol acetylation reaction at 70 °C
and at 80 °C was obtained of” 19815 J/mol and of 1.898.3 J/mol respectively
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