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Conversion of free fatty acids in low grade crude palm oil to methyl esters for
biodiesel production using chromosulfuric acid
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In this study low grade crude palm oil (LGCPO) was proposed as a potential agro-industrial raw material for
biodiesel production. Chromosulfuric acid was used as a hew homogenous catalyst in the pre-treatment process to
reduce the free fatty acids (FFA) content in LGCPO to the acceptable level for producing biodiesel via alkaline
transesterification reaction. The results of esterification reaction showed that the FFA of LGCPO was reduced from 7.0
% to less than 1% using optimum operating conditions. The vyield of the final product after the alkaline
transesterification was 85% with 0.14 % FFA content and ester content 97.5% (mol mol™') which meets the

international standard quality specifications for biodiesel.
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INTRODUCTION

The limited resources to produce fuel have
driven the attention to biodiesel as an alternative
renewable fuel. The production of biodiesel was
mainly using vegetable and animal oils [1,2].
Malaysia is one of the biggest palm oil producer
and exporter in the word [3]. There has been an
increasing interest in the utilization of palm oil for
biodiesel raw material as an alternative, renewable,
non-toxic, biodegradable and environment friendly
one [4-6]. The high value of palm oil as a food
product makes its production very expensive [7, 8].
However, many large industrial vegetable oil mill
facilities produce low grade crude palm oil
(LGCPO). LGCPO is oil with high acidity that can
be converted to biodiesel fuel. LGCPO is an
attractive feedstock and a significant raw material
for biodiesel production. The use of LGCPO can
lower the cost of biodiesel production significantly.
A number of researchers have worked on a variety
of feedstock that have elevated FFA levels [9-12].
LGCPO typically contain 5% to 10% FFAs and this
value is high compared to the acceptable level that
can be converted to biodiesel fuel [4, 6]. It is
reported that the oil should not contain more than
1% FFA for alkaline-catalyst transesterification
reactions [2, 5, 12, 13]. Thus, an acid-catalyzed pre-
treatment step to convert the FFA to fatty acid

methyl esters (FAME) followed by an alkali—
catalyzed step to convert the remaining
triacylglycerols (TAG) to FAME and glycerol is the
typical process to produce biodiesel fuel from
acidic oils [14]. Lipase enzyme was used as a
biocatalyst for biodiesel production [15]. Methane-
sulfonic acid, ethane-sulfonic acid, and sulfuric
acid were used in the esterification reaction for
biodiesel production [7-9] while, p-toluene sulfonic
monohydrate acid (PTSA) was used in the pre-
treatment of sludge palm oil (SPO) [6]. Tri-
potassium phosphate as a heterogeneous catalyst
was studied for biodiesel production by Guan et al
[17]. Introducing new type of homogenous acid
catalyst is gaining an increasing interest in the
development of biodiesel production process. No
study was reported in the literature for the
esterification of acidic oil using chromosulfuric
acid (CSA). Therefore, the main objective of this
study was to investigate the potential of using
LGCPO as a low-cost feedstock in biodiesel
production and to study the influence of operational
conditions such as dosage of CSA to LGCPO,
molar ratio, reaction temperature, reaction time and
stirrer speed for reducing FFAs content to less than
1% in LGCPO and to give high biodiesel yield.

MATERIALS AND METHODS
Raw materials and chemicals

LGCPO was obtained from local mill, Selangor,
Malaysia. LGCPO was stored in cool room at 4°C.
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Methyl alcohol anhydrous was purchased from
Mallinckrodt Chemicals USA, CSA and potassium
hydroxide laboratory grade were purchased from
Merck.

Preparation of biodiesel

First, a pre-heating step was performed because
LGCPO usually exists in semisolid phase at room
temperature similar to sludge palm oil and acidic
crude palm oil. The LGCPO was molten in an oven
at a temperature of around 70°C and the preheated
LGCPO was then transferred into the reactor. The
LGCPO was pre-treated by using an acid
esterification step. This was followed by an alkaline
transesterification under fixed conditions of 10:1
molar ratio, 60°C reaction temperature and 30 min
reaction time. The final product was separated and
purified to produce high quality biodiesel fuel.

Chemical analysis

The fatty acid composition of LGCPO was
determined using a GC/MS (Agilent Technologies
7890A\); the capillary column was DB- wax 122-
7032, with length of 30 m, film thickness of 0.25
um and an internal diameter of 0.25 mm. Helium
was used as a carrier gas with a flow rate of 36
cm/sec, measured at 50°C; and the experimental run
was done for 35 min. A neat sample was diluted in
hexane prior to injection into GC. Ester content was
analyzed using GC/FID (Perkin Elmer Clarus 500),
with a capillary column (Polyethylene glycol wax
phase) and an isotherm oven at 250°C.

Monoacylglycerols, diacylglycerols,
triacylglycerols, free and total glycerol content
were determined using GC/FID (Perkin Elmer
Clarus 500). The GC/FID was equipped with an on-
column injector, high temperature column with
polysiloxy divynil benzene phase (DB-HT type),
and temperature program of oven up to 350°C. The
FFA content of LGCPO was tested according to the
American Oil Chemists’ Society (Ca 5a—40)
methods [18]. Product yield is defined as the weight
percentage of the final product relative to LGCPO
weight at the beginning of experiment [6]. The
LGCPO was characterized according to the MPOB
test methods [19]. The mean molecular weight of
LGCPO was determined based on the
saponification value calculated according to
Equation 1 [20].

Sy = 3r 56.1r 1000 (1)
" (mean molecular weightr 3)+ 92.09- (3r 18)

where:

S.V. is saponification value defined as mg KOH per
g of sample

3 is the number of fatty acids per triacylglycerols
56.1 is molecular mass of KOH (g/mol)

1000 is conversion of units (mg/g)

92.09 is molecular mass of glycerol (g/mol)

18 is molecular mass of water (g/mol)

RESULTS AND DISCUSSION

LGCPO characterization

The study of fatty acid composition is very
important to identify properties and the type of
carbon chains contained in oil and fat [6]. As
shown in Figure 1, the common fatty acids are
oleic, palmitic, linoleic and stearic acid.
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Fig. 1. Fatty acid profile of LGCPO.

The percentage of saturated fatty acids in LGCPO
is 44%. Due to the high percentage of saturated
fatty acids and FFA, LGCPO exists as a gel phase
at room temperature (25+2°C). Higher saturated
fatty acids in oils such as LGCPO give a higher
cetane number and this type of acidic oil is less
prone to oxidation [4]. The vehicle engine works
more efficiently with an oil of high cetane number.
Table 1 illustrates the characteristics of LGCPO.
Based on the saponification value, the average
molecular weight calculated was 816.9 g/mol and
the LGCPO FFA content used was 7.0 % as shown
in Table 1.

Table 1. Characteristics of LGCPO.

Parameters LGCPO
FFA content (%) 7.0+ 0.30
Peroxide value (meq mol/kg) 7.5+0.65
Moisture content (%) 1.03+0.1
Impurities (%) 0.050+0.006
Saponification value (mg 198.00 £ 1.70
KOH/g oil)
Unsaponification matter (%) 6.8+ 0.22
Ash (%) 0.010=+ 0.001
Anisidine Value (AV) 3.2+ 0.042
DOBI (Index) 1.81+0.023
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The moisture content in LGCPO was found to be
1.03% while the impurities and the ash content
were 0.05% and 0.01%. The LGCPO was
characterized with high FFA as well as high
moisture and impurities content. This indicates that
the LGCPO has a lower quality as compared to
normal CPO.

Effect of CSA dosage

Using a fixed reaction time (30 min) and fixed
molar ratio (10:1), the dosage of CSA was varied in
the range of 0.25- 3.5 wt%. The results showed that
CSA was a very effective catalyst in the
esterification reaction. Figure 2 shows the effect of
different dosage of CSA on the reduction of FFA
content, conversion of FFA to FAME and yield of
treated LGCPO.
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Fig. 2. Effect of CSA dosages on FFA content reduction,
conversion of FFA to FAME and yield of treated
LGCPO.
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Fig. 3. Effect of molar ratio on FFA content reduction,
conversion of FFA to FAME and yield of treated
LGCPO.

A FFA content of less than 1% was achieved using
a CSA dosage of more than 1 wt%. To minimize
catalyst usage, a catalyst dosage value of 0.75%
was selected as optimum dosage to reduce the FFA
content to the acceptable limit. The conversion of
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FFAs to fatty acid methyl ester (FAME) was
86.77% after the esterification process. The FFA
content of LGCPO was reduced from 7.0% to
0.92%. In a similar work on SPO, it was reported
that 0.75 wt% of the catalyst (such as PTSA) was
the optimum dosage needed to reduce the high FFA
content [6].

Effect of molar ratio

Molar ratio is one of the important factors
affecting the conversion of FFA to FAME, as well
as the overall production cost of biodiesel. In this
study, the molar ratio of methanol to LGCPO was
varied between 2:1 and 20:1. Figure 3 describes the
effect of molar ratio on the reduction of FFA
content, conversion of FFA to FAME and yield of
treated LGCPO. No significant change observed in
the reduction of FFA within the molar ratio range
of 10:1 to 20:1. On the other hand, a minimum of
10:1 molar ratio were required to reduce the FFA
content of LGCPO from 7.0 % to below than 1%,
which is the limit of FFA for a successful
transesterification reaction. In order to save
methanol consumption, a molar ratio of 10:1 was
sufficient for the esterification reaction. This ratio
was also the optimum ratio reported for the
esterification of SPO using PTSA as acid catalyst

[6]

Effect of reaction temperature

The reaction temperature during the different
steps was reported to range between 40 - 70°C [8,
13]. Figure 4 presents the effect of reaction
temperature on the reduction of FFAs content of
LGCPO. In this study, it was found that the lowest
reaction temperature to reduce the FFA content in
LGCPO was 60°C. At this temperature the FFAs
content was reduced from 7.0 % to below 1%, with
a very high conversion of FFA to FAME.
Therefore, a reaction temperature of 60°C was
selected for the esterification of LGCPO. It was
reported by Leung and Guo [21] that a temperature
higher than 50°C had a negative impact on the
product yield for neat oil, but had a positive effect
for waste oil with higher viscosities. Effect of
reaction time

In order to determine the optimum reaction time,
esterification reaction time was varied in the range
(3-150 minutes). Figure 5 shows the effect of the
reaction time on the reduction of FFA content,
conversion of FFA to FAME and yield of treated
LGCPO. During the course of the reaction and at
the first 10-20 minutes, most of FFA was removed
as shown in Figure 5. The fast reduction reflects the
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Fig. 4. Effect of reaction temperature on FFA content
reduction, conversion of FFA to FAME and yield of
treated LGCPO.

catalytic activity of CSA. As shown in Figure 5, the
FFA content decreased significantly with the
increase in reaction time. A bout 30 to 60 min was
sufficient to reduce the FFA content to less than
1%. It was found that after 30 min there was no
improvement in the reduction of the acidity along
reaction time. Hence, in order to optimize the
reaction time, 30 minutes was selected as the
shortest reaction time for the pre-treatment of
LGCPO. The shortest reaction time can be
considered as the optimum value due to the
additional cost entailed with longer reaction time.
Hashim et al. [22] used trifluoromethanesulfonic
acid for the esterification of CPO with high FFA
content and the optimum time of reaction was 30
min. The matching between the current study and
the mentioned study illustrates that CSA has high
catalytic activity compared to super acid
(trifluoromethanesulfonic acid).

Effect of stirrer speed

Mixing intensity is a very important operational
parameter. Therefore, in order to achieve an
effective mass transfer in the esterification reaction,
continuous mixing and sufficient reaction time
should be used in order to complete the reaction.
Mixing intensity affects the Kkinetics and
consequently the whole process. In this study a
wide range of mixing speed (100 to 400 rpm) was
tested in order to investigate the optimum value for
the pre-treatment of LGCPO. Figure 6 shows the
effect of stirrer speed on the reduction of FFA
content in LGCPO via the esterification reaction.
The results revealed that a stirrer speed of 200 was
sufficient to reduce FFA content to less than 1%. In
order to save energy requirements, lower stirrer
speed should be taken as the optimum for LGCPO
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Figure 5. Effect of reaction time on FFA content
reduction, conversion of FFA to FAME and yield of
treated LGCPO
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Fig. 6. Effect of stirrer speed on FFA content reduction,
conversion of FFA to FAME and yield of treated
LGCPO.

esterification. Therefore, a speed of 200 rpm was
selected as the optimum mixing intensity. Hayyan
et al. [6] used 400 rpm for the pretreatment of SPO
due to the high FFA content in SPO compared to
LGCPO.

Transesterification reaction

During the esterification reaction, FFA is
converted to FAME in the presence of an acid
catalyst. The remaining neutral TAG is converted
to FAME via transesterification reaction in
presence of an alkaline catalyst such as potassium
hydroxide. The conditions of biodiesel production
were fixed [6,7,23]. The FFA content was less than
0.5% which meets the international standards
ASTM D6751-02 and EN 14214. Table 2 shows the
fatty acid composition of biodiesel from LGCPO.
Using the optimum conditions for the esterification
reaction the FFAs were reduced from 7.0 % to less
than 1%. The yield of biodiesel was 85% with 0.14
% FFA. The results of this study meet the standard
specification for biodiesel fuel as shown in Table 3.
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Table 2. Fatty acid composition of biodiesel from LGCPO; results are the average of three replicates + standard

deviation.
Carb T f f FAME
Systematic name of FAME arbon ype of fatty content
chain acid
(%)
Dodecanoic acid methyl ester C12:.0 Saturated 0.19+0.02
Tetradecanoic acid methyl ester C14:.0 Saturated 0.91 +£0.02
Hexadecanoic acid methyl ester C16:0 Saturated 44.1+1.00
Hexadecenoic acid methyl ester Cl6:1 Unsaturated 0.285 +0.002
Octadecanoic acid methyl ester C18:0 Saturated 4.3+0.03
cis-9-Octadecenoic acid methyl ester Ci8:1 Unsaturated 40.40 £2.40
AII—C|s-9,12-Octad(§e;2(:|en0|c acid methyl C18:2 Unsaturated 9.440.05
AII—C|s—9,12,15—Octaéjsoi:?tr|en0|c acid methyl c18:3 Unsaturated 0.8 4 0.02
Eicosanoic acid methyl ester C20:0 Saturated 0.3 +0.003

Table 3. Properties of biodiesel from LGCPO.

Properties

Biodiesel from
LGCPO

Ester content

Monoacylglycerol content
Diacylglycerols content
Triacylglycerols content

Free glycerol content
Total glycerol content

K content
P content
Sulphated ash

Total contamination

FFA content

Copper Strip Corrosion

(3hr at 50°C)
Cetane Number

97.5% (mol mol™)
0.1% (mol mol™)
0.02% (mol mol™)
<0.02% (mol mol™)
<0.01% (mol mol™)
0.04% (mol mol™)
1 mg kg 'max
7.2 mg kg! max
<0.005 % (w/w)
0.002 mg kg ™!
0.14 %
Class 1
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CONCLUSIONS

This study concludes that LGCPO is a suitable
feedstock for biodiesel production with a pre-
treatment stage using CSA as a catalyst at 0.75%
wt/wt (catalyst to LGCPO) with 10:1 molar ratio
and 60° C at 30 min and 200 rpm as stirrer speed.
Using these conditions the FFA content was
reduced from 7.0 % to less than 1%. The yield of
biodiesel was 85% with 0.14 % FFA and ester
content 97.5% (mol mol™). The results attained in
the current study meet the international standard
specifications for the biodiesel fuel. It is
recommended to study the catalytic activity of CSA
compared to other conventional homogenous
catalysts in the esterification reaction. The
comparative study may assists in highlighting the
advantages and disadvantages of the different
catalysts used for the pre-treatment of acidic oils.
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N3ITOJI3BBAHETO HA XJIOP-CYJI®OHOBA KHUCEJIMHA 3A ITPEBPBIIAHE HA
CBOBOJAHUTE MACTHU KUCEJIMHN OT HUCKO-KAYECTBEHO I[TAJIMOBO MACIJIO B
METWJIOBHM ECTEPU ITPU ITPON3BOJACTBOTO HA BUO/U3EJI

A. Xaitan®, ®.C. Mumxkann?, M.A. Xamum?, M. Xaiian!, UM. AnHamed?

Ylenapmamenm no unoicenepna xumus, Llenmwvp 3a tionnu meunocmu (UMCIL), Manaticku ynusepcumem, Kyana
Jlymnyp, Manatizus
2[lenapmamenm no negpmeno u xumuuno unxcenepcmso, Yuusepcumem “Cynman Kabyc”, Mycxam, Cynmanam Oman
3 lenapmamenm no unscenepua xumus, Yuueepcumem “Kpan Cayo”, Puao, Cayoumcka Apabus

Ilocrprmna Ha 29 centemBpu, 2012 r.; kopurupana Ha 12 HoemBpu, 2012 1.

IMpemmoxeHo e Hucko-kadecTBeHo manmmoBo Mmacio (LGCPO) karo moTeHnmamHa pacTHTETHA CYPOBHHA 3a
MPOM3BOJICTBOTO Ha Owoamsen. Karo karanu3arop Ha XOMOTEHHATa XMMHYHA pEaKUusl IpPU IPEIBaAPUTEIHOTO
TpeTHpaHe Ha CypOBHHATA 32 HAMaJIIBaHE ChABP)KAHUETO Ha cBOOOaHNTE MacTHH kucennnu (FFA) B manmmoBoTo Macio
JI0 TIPUEMITMBO HUBO INIPEJH MOCIeBallaTa ajKajaHa TpaHCc-ecTepuduKalns € U3M0JI3BaHa XJIOp-Cya(pOHOBa KHCEINHA.
Pesynrarure oT ecrepudukanmaTa nokaspar, ye FFA B maiMoBoTo Maciao ca Hamanenn ot 7.0 mo mox 1% mpu
ONTHMAIHU pabOTHH ycinoBus. JJoOMBBT Ha KpaiHus mpoaykt ciex ecrepuduxanusara e 85% c 0.14 % cobGogun
MacTHH KHCEJIMHM W Chabpxkanue Ha ectepu orT 97.5% (mol mol™') koero ynoBneTBOpsiBa MEXTyHApOHHUTE
N3UCKBaHU 32 KAUECTBOTO Ha OMOMHU3EIL..
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