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Abstract

This research studied the use of synthetic calcium oxide derived from shells (Scabies phaselus,
Chamberlainia hainesiana and Corbicula javanica) as a catalyst for producing biodiesel from palm oil.
When shells are calcined, calcium carbonate changed to calcium oxide, which is an effective for the
trans-esterification of palm oil. The temperature of calcination of the shells was 900 °C for 4 hours.
The molar ratio of methanol to oil was 9:1 for this reaction and the optimum reaction time and
temperature were 60 °C for 30 minutes, When the catalyst level from big shells (Chamberlainia
hainesiana) was at about 2, biodiesel yield was 56 ml, or 78.32 of the 71.50 ml of palm oil mixed with
methanol to 100 ml, This was the optimum due to the density value being in the ASTM D 1298
standard range of 860 to 900 kg m~3 and the viscosity value being in the ASTM D 445 range of 3.50 to
5.00 cSt. The biodiesel obtained was transparent. Other results were that, when the catalyst level from
Scabies phaselus shells was about at 2.50, the biodiesel yield was 52.83 ml, or 73.89 and when the

Corbicula javanica shell catalyst level was at 2, the biodiesel yield was 49.33 ml, or 69.
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Introduction

At present, fuel and energy problems in
Thailand have become critical, because of
insufficient petroleum sources for the needs of
Thai people. According to expectations,
petroleum came to an end while fuel and energy
consumption rapidly increases every year [1]. A
search for new energy sources replace petroleum
is urgently required. This problem has led to
recent studies on alternative energy. An
interesting and possible alternative energy source
is to produce fuel from agricultural products [2].
To do that, existing agricultural products are
processed into biodiesel. Methyl ester or Ethyl
ester occurs after the fuels derived from vegetable
oil [3] and animal fat [4, 5] are chemically
processed. The products can be use in a diesel
engine without any engine modification because
of having high quality similar to diesel distilled
from petroleum. Thailand is an agricultural
country; there are a lots of raw materials sources
for biodiesel production such as coconuts, palm,
sunflower seeds, soybeans, peanuts, Castor beans,
sesame, Jatropha, and rubber seed [6 — 8].
Moreover, using vegetable oil can be transformed

into biodiesel [9]. However, oil palm has been
highly effective for biodiesel production [10],
because it is adaptable to changing environmental
conditions and the product growth per year is
plentifully high. Biodiesel has been produced
from palm oil using a calcium catalyst from
shells and eggshell. The solid catalyst derived
from shells and eggshells was used as a catalyst
for biodiesel production by trans-esterification
using palm oil. To transform the chemical
structure of calcium into calcium oxide depends
on various factors such as catalyst type, the
amount of catalyst, time, and temperature. In the
reaction, these catalysts heighten biodiesel
products in trans-esterification [11, 12]. From
previous research, in order to assure effectiveness
of biodiesel production from palm oil, the results
show that using local shells as catalyst can
effectively  produce international standard
biodiesel [13 — 19].

The researchers were interested in studying
the quality of biodiesel produced using catalyst
derived from local shells, Scabies phaselus,
Chamberlainia hainesiana and Corbicula javanica,
which are bivalve shells found in the Loei river.
The catalysts derived from the shells and palm oil
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are available in the local area. The significant
value added to the useless shells and cheap palm
oil was the trans-esterification for biodiesel
production.

Materials and Methods

Calcium oxide from Scabies phaselus,
Chamberlainia hainesiana and Corbicula
javanica shells

The shells of Scabies phaselus, Chamberlainia
hainesiana and Corbicula javanica found in the Loei

The three types of shells were cleaned without
shell size classification. Then, they were dried
them in the sun or baked at 100 °C for around 1 to 2
hours. After that, the shells were calcined at 900 °C
for 4 hours. After the shell grinding process,
particle size selection was effected by the use of an
80 Mesh according to the ASTM E1 1 standard.
The particles after the calcining procedure were
examined by XRD (Bruker AXS, D8 Advance
model) at 40 kV CuK, and 40 mA of current. Shell
characteristic are shown in Fig. 1

Fig. 1 Shell characteristics of (a) Corbicula javanica (b) Scabies phaselus and (¢) Chamberlainia

hainesiana

Biodiesel production

Palm oil is the main factor affecting the
quality of biodiesel. In the experiment, new oil
could not be used to produce biodiesel directly,
so palm oil and methanol were mixed together in
a 300 ml beaker. The molar ratio of methanol to
oil was 9:1. In 100 ml, there were 28.50 ml of
methanol and 71.50 ml of palm oil. Then, the
mixture was boiled on a hot plate at 60 °C for the
reaction. The calcium oxide catalyst was used at
2,2.5, 3, 3.5, and 4 per palm oil weight.

The liquid mixing rate was 600 RPM for 30 minutes
of reaction. After finishing, the resulting product
was rest for 2 hours so that methyl ester and
glycerol were cracked. The upper layer was filtered
in order to separate the catalyst from the oil. Then, it
was boiled on an electric stove at 60/70 °C for
ethanol evaporation. The experiment was repeated
with different catalysts 3 times. Then, the average
score was compared with the yield percentage of
biodiesel with different catalysts. The synthetic
biodiesel procedure is shown in Fig. 2.

(@) (b)

(©)

Fig. 2 Synthetic biodiesel procedure (a) the ratio of methanol to oil was 9:1, boiled on an electric
stove at 60 °C (b) the oil after adding calcium oxide catalyst (c) oil filtration to separate catalyst

from biodiesel
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The analysis of biodiesel properties compared
with standard

Biodiesel synthesis at optimum conditions was
conducted to examine the chemical properties (yield
percentage of biodiesel and approximate percentage
of methyl ether by microwave) and fuel properties
(color, density, and viscosity) according to the
ASTM D 6751 standardized test.

was observed with peaks at 29.48°, 39.44°, 43.17°,
47.72° and 48.62°, (in comparison with the JCPDS
data base, registered number 72-1651). The calcite
reaction is shown in equation (1 ). During the
experiment, three types of shells were kept at room
temperature and humidity, and the peaks of
calcium hydroxide (Ca(OH),) appeared. Calcium
oxide from the three types of shells absorbed the

humidity well [20], as indicated in equation (2)

. . and Fig. 3.
Results and Discussion g
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Fig. 3 XRD spectra from the shells (a) Scabies phaselus (b) Corbicula javanica and (c) Chamberlainia

hainesiana.

From Table 1, the results show that the
catalyst obtained from the big shells
(Chamberlainia hainesiana) use at 2%, had
biodiesel yield of 56 ml, or 78.32% of the initial
71.50 ml of palm oil, which was the highest
yield. Secondly, the catalyst from Scabies
phaselus shell at about 2.50%, gave biodiesel
yield of 52.83 ml, or 73.89%. Lastly, the catalyst
from Corbicula javanica shell at about 2%, gave
biodiesel yield of 49.33 ml, or 68.99%. The
biodiesel color was transparent yellow which was
to the ASTEM D 6751 biodiesel standard, as
shown in Fig. 4. To find the density affecting oil
viscosity, the range of biodiesel standard density
was from 860 to 900 kg m~= according to ASTM D
1298 standard. The value for biodiesel catalyzed

using Scabies phaselus shell exceeded the standard
by 4%. After using the Digital Display
Viscometer, it was revealed that the viscosity value
of biodiesel according to ASTM D 445 standard
was a minimum of 3 .5 0 ¢St and a maximum of
5.00 cSt. From Table 1, it is seen that the catalyst
viscosity from Scabies phaselus shell at 23.50 was
in the standard range. The viscosity from
Corbicula javanica shell catalyst at 2 3 was in the
standard range. Similarly, viscosity from

Chamberlainia hainesiana shell catalyst at 2, 3 was
in the standard range. After the analysis to find
methyl ester percentage, the approximate methyl
ester percentage of biodiesel corresponded with the
EN 14103 standard.

Fig. 4 Biodiesel color compared with vegetable oil color and diesel color
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Table 1 The properties of synthetic biodiesel with standard interpretation.

Average density Average Viscosit Approximate
Type of Catalys Yield Color (kg m) g(cSt) Y percentage of methyl
catalyst t (%) (%) (ASTEM D 6751) (ASTM D (ASTM D 445) ester (%)
1298) (EN 14103)
2 66.67 Tr;g?f’oirvem 895.04 482 99.43
25 73.89 Transparent 889.63 486 99.54
Scabies | | Tr;/r?;m;rvent | | |
phaselus 3 65.50 yelf’ow 889.65 4.45 99.33
shell
35 63.86 Tr;g?f’oirvem 890.49 3.88 99.11
4 54.54 Tr?/gﬁ’;rve”t 871.78 2.39 98.50
2 68.99 Tr?{';?foirvem 878.37 4.96 99.34
25 6480 Transparent 899.17 4.80 99.18
Corbicula yellow
javanica 3 67.13 Transparent 882.34 4.24 98.98
shell yellow
35  67.59 Tr?{';?foirvem 875.85 3.22 98.74
4 67.13 T"’;‘/';?fof,rve”t 902.89 2.29 97.98
2 78.32 Tr;r:f’;,rve”t 898.85 5.03 99.53
Transparent
Chamberla 25 63.64 Yellow 901.20 3.95 99.52
inia Transparent
hainosiana 3 69.23 Vellow 888.95 3.92 99.23
shell 35 66.20 Tr;r:f’;,rve”t 880.13 3.58 98.98
4 63.87 Tri’;?foirvem 949.11 3.14 98.75
Conclusion

The analysis results of catalyst from the
shells of Scabies phaselus, Chamberlainia
hainesiana, and Corbicula javanica showed that
calcium was structurally transformed into
calcium oxide, and the graphs of Scabies
phaselus and Corbicula javanica shells showed
peaks at almost equal levels. Calcium oxide
derived from shells (Scabies phaselus,
Chamberlainia  hainesiana, and  Corbicula
javanica) can be used as a catalyst. In the
experiment, biodiesel was produced by three
types of shells calcined at 900 °C for 4 hours. It
was reacted at 60 °C for 30 minutes. The molar
ratio of methanol to palm oil was 9:1. The liquid
mixing rate was 600 RPM, and the amount of
catalyst was varied from 2 4 by palm weight.
According to ASTEM D 6751 biodiesel standard,
the color of the oil was transparent yellow. The
density range was from 560 to 900 kg m=3.

Only the density value from Scabies phaselus
shell at 4 percent was over the ASTM D 1298

standard. After viscosity analysis, the results showed
that the value range was from 3.50 ¢St to 5.0 0 cSt
according to ASTM D 445 biodiesel standard.
The viscosity of biodiesel derived from the
catalyst from Scabies phaselus shell at 23.50 was
in the standard range. The viscosity of biodiesel
using catalyst from Corbicula javanica shell at 2
3 was in the standard range. Also, the viscosity of
biodiesel using Chamberlainia hainesiana shell
catalyst at 2 3 was in the standard range. The
minimum percentage of methyl ester in biodiesel
was 96.50%, which was according to the EN
14103 standard. At catalyst percentage from
Chamberlainia hainesiana shell of about at 2 %,
the highest biodiesel yield was 56 ml, or 78.32%.
Secondly, biodiesel yield derived using catalyst
from Scabies phaselus shells at 2.50% was 52.83
ml, or 73.89%. Finally, biodiesel derived from
synthetic catalyst of Corbicula javanica shell at
2% was 49.33 ml, or 69.00%.
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