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ABSTRACT: In our work, biodiesel was prepared from Tra fat by methanolysis reaction using
activated calcium oxide as solid base catalyst. Effects of various process parameters on biodiesel
production such as molar ratio of methanol to fat, catalyst concentration, temperature and time of
reaction and the active mechanism of CaQ catalyst for the transesterification reaction were investigated.
The results show that CaO has strong basicity and high catalytic activity as a heterogeneous solid base
catalyst and the transesterification reaction takes place on basic sites of calcium diglyceroxide formed die
to the reaction between CaO and the by-produced glycerol. The biodiesel yield achieves 92.95 % at 60 °C,
90 minutes, 8:1 molar ratio of fat to methanol, and 6 % CaQ catalyst. Important fuel properties of the
produced biodiesel meet the specifications of ASTM D 6751 biodiesel standard

1. INTRODUCTION

Biodiesel production is based on the
transesterification reaction of triglycerides with
methanol in the presence of a catalyst, to yield
the corresponding fatty acid methyl esters
(FAME) and glycerine as co-product. Current
technology uses homogeneous basic catalysts
such as NaOH and KOH. However, the high
cost of biodiesel is a barricade to commercialize
biodiesel. Nowadays, studies have found
solutions to reduce the biodiesel cost like the
recovery of crude glycerine and methanol, the
use of heterogeneous catalysts, supercritical
methanol, cosolvents, and etc [1,2,3].
Heterogeneous basic catalysts could be easily
separated from the reaction mixture by filtration
and then reused. Also, they are less corrosive,
leading to safer, cheaper, and more
environment-friendly operations. When
heterogeneous catalysts were used, most of
studies demonstrated that strict conditions
including high reaction temperature, long
reaction time, high molar ratio of methanol to
oil, high pressure or adding cosolvent were still
needed. As a consequence, it is still necessary to
explore new heterogeneous catalysts [4,5,6].

Our object is to study biodiesel production
by methanolysis reaction of Tra fat obtained in
Mekong Delta, Vietnam, using activated calcium
oxide as solid base catalyst. The activation
mechanism of CaO catalyst was also
investigated.

2. EXPERIMENTAL

_ 2.1. Materials

Fat of Tra Catfish used in the experiments
was obtained from An Giang Agriculture and
Food Export Company (Afiex). Pure methanol
(99%) was obtained from Vietnam. The CaO
catalyst with pure grade (92%) was purchased
from China. Gas chromatograph standards for
methyl esters were obtained from Fulka (United
Kingdom) and Sigma (Spain). Chemicals used
for analysis were supplied from Merck
(Germany).

2.2. Preparation of catalyst

A commercial calcium oxide was milled to
90 um and then activated by calcination at 1000
°C for 4 hours to remove absolutely the surface
carbonate and hydroxyl groups. Then it was
stored in a closed flask in the presence of KOH
pellets to diminish the rehydration and the
adsorption of CO, (fresh catalyst). The basic
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strength and the basicity of the prepared catalyst
(H_) were determined by using Hammett
indicator. The X-ray diffraction (XRD) of the
catalyst was performed on a Siemen D-5000
using the Cu-Ka radiation, over a 20 range of
20°-74° with a step size of 0.03° at a scanning
speed of 0.8%s. The specific surface area of the
catalyst was measured using the Brunauer-
Emmett-Teller (BET) method with
QUANTACHROME TRRWIN V1.0. KBr pellet
technique was applied for determining IR
spectra of the catalyst. Spectra were recorded on
a spectrometer with 4 cm’ resolution by
BRUCKER system. After the completed
transesterification reaction, the catalyst was
collected through filtration and then washed
with methanol to remove the stains such as
FAME and glycerine. For identifying the active
mechanism of catalyst, calcium diglyceroxide,
as a reference sample, was prepared by the
reaction of CaO and glycerine in the presence of

methanol. The solubility of CaO was determined
by the EDTA titration method.

2.3. Transesterification

The transesterification process from Tra fat
with methanol using CaO catalyst was
performed according to Fig. 1. After filtered off
catalyst, the rest of production mixture was
neutralized by 18 % HCI solution to reject the
remaining CaO catalyst. Production mixture
then settled to separate into two phases for 4 h
by separator funnel. The upper layer was
neutralized again by 10% KOH solution to
eliminate absolutely the remains of HCI and free
fatty acids. Subsequently, crude biodiesel was
washed by hot distillated water (60 — 70°C) until
the washing was neutral. Finally, biodiesel
product was dried by household microwave
oven SANYO Fan-Assisted 1200 W [7].

Hot distilated water

¥

Separation

Mixture |=9 Transesterificationf=p| Filter |3 phase —» Washing > Drying
Ca0 Glycerine phase

Fig. 1. Schema of the transesterification from Tra fat

2.4, Analytical methods

Physicochemical properties of biodiesel
were determined using standard test methods
according to ASTM D 6751 [8].

The production yield (H):
Mpiodiesel * C
3m

™M X M ame

H(%) = x100%

Mpiodiesel: aMount of biodiesel product
m: amount of Tra fat

M and Mgaug: average amount of a Tra fat
molecule and FAME molecule

3. RESULTS AND DISCUSSION

3.1. Characterizations of activated CaO
catalyst

The activated CaO catalyst is characterized
by the physicochemical parameters such as the
specific surface area of 3.55 m%g, the basic
strength of 7.55mmol/g, the amount of basic of
15 < pH < 18.4 and the solubility degree in
methanol of 0.01 %. The shape of commercial
CaO is irregular [9]. After activation process, the
shape is still irregular but the morphologies
become similar to each other, and the grains are
sintered (Fig. 2a).
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b.Activated CaO catalyst
Fig. 2. SEM images of CaO catalyst

3.2. Effect of parameters on
transesterification reaction

3.2.1. Effect of molar ratio of methanol to fat

The fixed factors were 6 % CaQ, reaction
temperature of 60 °C, and reaction time of 90
minutes. The molar ratios of methanol to fat
were ranged from 6:1 to 12:1. The results as
shown in Fig. 3a indicate that the biodiesel yield
increases with increases in molar ratio. The
maximum yield (92.95 %) achieves at 8:1
methanol:fat molar ratio. It should be noted that
in presence of heterogeneous catalysts, the
reaction  mixture is a  three-phase
fat/methanol/catalyst system. With an increase
in the methanol loading amount, the ability to
have good phase contact increases, which results
in increasing biodiesel yield. However, further
increases in methanol:fat molar ratio (higher
than 8:1) decrease the conversion yield.
Furthermore, higher methanol:fat molar ratios
could make separating and washing step of
biodiesel from glycerine phase complicated due
to the formation of emulsion of excessive
methanol with glycerine. In addition, much
energy is needed to recover the large amount of
unreacted methanol. Therefore, the best
methanol/fat molar ratio is 8:1.
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Fig. 3. Effect of reaction parameters on the biodiesel yield

3.2.2. Effect of catalyst concentration

The fixed factors were reaction
temperature of 60 °C, reaction time of 90
minutes, and the above optimized molar ratio of
methanol to fat (8:1). The catalyst concentration
of CaO was changed from 5 % to 8 %. As we

can see the results presented in Fig. 3b, the
maximum transesterification yield (92.95 %)
achieves at 6 % CaO catalyst concentration.
When catalyst concentration is greater than the
best value (6 %), the biodiesel yield reduces due
to the decrease in the ability to have a good
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phase contact. Hence, the best methyl ester yield
is obtained at 6 % CaO catalyst.

3.2.3. Effect of reaction time

The methanolysis of Tra fat was carried out
during different periods of time such as 60, 80,
90 and 120 minutes. In all experiments, other
parameters like molar ratio of methanol to fat
and catalyst concentration were the optimal
results achieved in the previous sections. The
results as shown in Fig. 3c indicate that the
conversion reaction is fast and the obtained
biodiesel yield is more than 80% with reaction
time of 60 minutes. The maximum vyield of
transesterification also is 92.95 % for reaction
time of 90 minutes. As conversion reaction
achieves the maximum yield, if reaction time is
continuously increased, the conversion yield will
decrease due to long reaction time at high
temperature (60 °C) nearby the boiling point of
methanol, so methanol could be easily
undergone some loss.

3.2.3. Effect of reaction temperature

The temperature of transesterification
reaction was ranged from 50 °C to 65 °C. In all
experiments, other parameters like molar ratio of
methanol to fat, catalyst concentration, and
reaction time were the optimal results achieved
in the previous sections. The results as shown in
Fig. 3d indicate that the maximum yield of
production biodiesel achieves 92.95 % at 60 °C.
After the best reaction temperature, the
production yields are almost constant because
the transesterification reaction achieved the
equilibrium state. Hence, the best reaction
temperature for transesterification of Tra fat
using CaO is 60 °C.

3.3. The active mechanism of CaO catalyst

CaO

CaO
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Fig 4c. Collected CaO after reaction time of 20 min

Fig. 4 shows XRD patterns of the fresh
catalyst, collected catalyst, and the reference
samples. It finds that the chemical composition
of CaO catalyst is significantly transformed into
some other calcium compounds during the
transesterification process. Comparing the fresh
catalyst (Fig 4a) with the catalyst activated for
20 min with MeOH (Fig. 4b), we could find
small diffraction peaks, attributable to Ca(OH),
and Ca(CH;0),, but most of CaO remained as is.
This implies that a small amount of CaO has
reacted with methanol to form Ca(OH), and
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Ca(CH;0), as follows: CaO + 2CH;0H—
Ca(CH;0), + H,0; CaO + H,0—Ca(OH),. The
transesterification is progressed due to the
catalytic activation of Ca(CH;0),. However, no
peak of Ca(CH;0), could be found after reaction
time of 20 min (Fig. 4c).

Interestingly, only component is noticed
after the transesterification reaction is
completed. Characteristic peaks of calcium
methoxide are not found (Fig. 4c). Furthermore,
glycerine as a by-product is a trihydric alcohol;
it can react with CaO to form CaO-glycerine
complex. Obvious peaks appeared with 20
values of 8 °, 10 °, 21 °, 24 °, 26 °, and 39 ° (Fig.
4d), which are almost the same as that of
calcium diglyceroxide prepared as the reference
sample (Fig. 4e).

Calcium diglyceroxide composing the
collected catalyst could be produced by
combining calcium oxide with the by-produced
glycerine (CaO+2C;H303;—(C3H;05),Ca + H,0.
In addition, it is also noticed that more soaps are
produced by the saponification of the Ca(OH),
catalyst with free fatty acids contained in Tra fat
(Ca(OH), + 2RCOOH—(RCOO0),Ca + 2H,0.
The experiments prove that calcium oxide is
more reactive with glycerine than with methanol

LS

because the reaction of calcium oxide with
methanol in the presence glycerine produces
only calcium diglyceroxide.-

From these results, it is clear that the
probable activation mechanism of the
transesterification using CaO catalyst is as
follows. First, CaO is activated by methanol and
a small amount of CaO is converted into
Ca(CH,0), which activates the
transesterification reaction to form the by-
produced glycerine. The produced glycerine
reacts with CaO and a calcium diglyceroxide is
formed. The participation of calcium
diglyceroxide as a high active catalyst promotes
the rate of the transesterification. It could be
explained that the continuous withdraw of
glycerine makes the equilibrium of the
transesterification shift to the product side; as a
result, the reaction time is significantly reduced
in comparison with other heterogeneous
catalysts. Thus, CaO catalyst is activated by
methanol as an intitiating reagent for the
reaction to produce glycerine; then, the calcium
dilgyceroxide, which is formed from the
generated glycerine and CaO, functions as the
main catalyst of the transesterification reaction.
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Fig de. Calcium diglyceroxide from reaction of CaO and glycerine in the presence of MeOH

Trang 96



TAP CHi PHAT TRIEN KH&EN, TAP 12, 80 17 - 2009

NI

-
&

7.7, WS W | O s mady Ak 1

Fig 4d. CaO collected after reaction

Fig. 4. XRD patterns of collected CaO catalyst and reference sample

SEM images of CaO collected after the reaction. Most particles are in the shape of
transesterification reaction and reference sample angular rock (Fig. 5b). It is similar to the shape
of calcium diglyceroxide as shown in Fig. 5 of calcium diglyceroxide (Fig. 5a).

indicate that the morphology of CaO catalyst is
evidently changed after the transesterifiaction

b.The collected catalyst

Fig. 5. SEM images of calcium diglyceroxide and the collected catalyst
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" Fig. 5 illustrates a proposed mechanism on
the transesterification using calcium oxide as a
solid base catalyst. The catalyzed
transesterification spends two stages. At the first
stage, calcium diglyceroxide is produced.

Ca0 + 2CH;0H — Ca(CH;0), + H,0
CaO + H,0 — Ca(OH),

Ca(CH;0), — Ca** + CH;0O

CH;O0© + RCOOR — RCOOCH; +
ROH (Glycerine - C3HgO;)

CHQO—CE!—

CHOH

O 61‘[

9 5 O
0 )
||) CHEOS—(li—R,
CHEO_"C_‘_Rl
OCH,

2C3H503 + Ca0 — (C3H703)3ca +
H,O
At the second stage, calcium diglyceroxide
would play the catalyst role for the
transesterification.

CH,0—Ca— CH,0—Ca—
CHOH  + CH,0H —= CHOH  + CHO'
CH,0H CH,0H,

CH,0—Ca— CH,OH

CHO—COR; +CH;0" —» CHO——COR, —» R,COOCH; + CHOH + CHO—COR4

CHEO _COR3

CH,0——COR,

Fig. 6. Possible mechanism for transesterification of Tra fat using CaO catalyst

Some researchers have proposed the
mechanisms on the transesterification using
calcium oxide as a heterogeneous catalyst,
however most of them are suggestive
[5,6,8,9,10].

4. CONCLUSIONS

This study indicates that CaO catalyst is the
potential heterogeneous catalyst for the biodiesel
production on large scale due to its abundance,
availability, cheap cost, and high basic strength.
The main factors affecting the transesterification

are molar ratio of methanol to fat, catalyst
concentration, reaction temperature and reaction
time. The maximum yield of 92.95 % could be
achieved at 8:1 molar ratio of methanol to fat
and the activated CaO catalyst of 6 % at 60 °C
for 90 minutes. Calcium diglyceroxide, which is
formed by the reaction of calcium oxide with the

Ty mendiiaad sluysnasina  Himatinne ao

OYy-proaucea giycCerine, runciions as the main
catalyst for the the transesterification reaction.
However, the active surface sites of CaO are
poisoned with CO, and covered with H,O; thus
the CaO catalyst has thermally treated at 1000
°C before being used for the transesterification.
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PIEU CHE BIODIESEL TU MO CA TRA XUC TAC DI THE Ca0

Lé Thi Thanh Huong"”, Huynh Vin Tién”, Phan Minh Tan®, Trin Thi Viét Hoa"
(1) Trudong Dai hoc Cong nghlep TP.Hb Chi Minh
(2) S¢ Khoa hoc va Céng nghé
(3)ruong Dai hoc Bach Khoa TP.HCM

TOM TAT: Nghién ciiu nay khao sat kha nang s dzmg CaO nhu la mgt xuc tac baz ran cho phan
img diéu ché biodiesel tir mé ca Tra. Noi dung ngh:en cieu gom cdc yéu té anh huong dén phan img
chuyén héa este nhue ty 1é metanol/mé, ham lugng xuic tdc, thoi gian va nhiét do phan ung va co ché hoat
c"r’ong cuia xiic tae CaO. Két qua cho thay CaO la mét xiic tac baz ran manh c6 hoat tinh xiic tdc cao. Phan
umg chuyén héa dwoe thue hign chi yéu trén cdc tim baz cia hop chat canxi diglyxeroxid ma dugc tao
thanh tir xiic tdc CaO va glyxerin sinh ra trong phan tng. Hiéu sudt biodiesel cao nhat 92,95 % dat duoc
o diéu kién: ty 1¢ mol metanol:mé la 8:1, 6 % CaO trong thoi gian 90 phit va ¢ nhiét dg 60 °C. Cac tinh
chat quan trong ctia san pham biodiesel déu ddp ig dwoc tiéu chudn ASTM D 6751.
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