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51402211: MAJOR: POLYMER SCIENCE AND ENGINEERING

KEY WORDS: BIODIESEL/ ACTIVATED CARBON/ HETEROGENEOUS CATALYST
CHAIWUT NAKWEANG: BIODIESEL FUEL PRODUCTION USING ACTIVATED

CARBON AND CALCIUM OXIDE AS HETEROGENEOUS CATALYST. THESIS ADVISOR:

NUTTHAWUT CHAIYUT, Ph.D. 107 pp.

Transesterification of palm stearin with methanol was investigated under a
heterogeneous catalysis system. Activated carbon and calcium oxide were applied as solid
catalysts. In this study various amount of metal loading on activated carbon (AC) surface.
Catalyst was prepared via an impregnation method. The catalyst was activated at calcination
temperatures at 450 °C for 4 h to metal oxides form and calcium carbonate was prepared by
calcination with various temperature and time to calcium oxide form. The catalysts were
characterized using thermogravimetric analysis (TGA), scanning electron microscope (SEM),
X-ray diffraction (XRD) and surface area analyzer.

The suitable conditions for transesterification over Ca(NO3),/AC catalyst are the
catalyst/oil mass ratio of 10.5 % (w/w), methanol/oil molar ratio of 15:1, reaction time of 4 h
and temperature of 60 °C. When using Ca(NO3),/AC (palm shell) catalyst ,the suitable
conditions are the catalyst/oil mass ratio of 9 % (w/w), methanol/oil molar ratio of 10:1,
reaction time of 4 h and temperature of 60 °C. And when using CaO catalyst, the catalyst/oil
mass ratio of 6 % (w/w), methanol/oil molar ratio of 15:1, reaction time of 3 h and temperature
of 55 °C are the suitable conditions.

Some important fuel properties of the resultant biodiesel products meet the
standards of diesel fuel and biodiesel so it can be use for diesel replacement.
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figwmis mdvedanmsveululumanaveslasnde lsdinmiuans alkoxycarbonyl
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fatty acid methyl ester wio luTefiwauazlandiselsduouleseu viniulandiselsdion
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2.4 pszvaumsveamsisal §semuudisivus [19]
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2.5 Ugnsemsudioamesilindu [20]
v ] Y
m3wan Ty Tedanilon 1 luilmiiudumsuldouTuanalasndme lsd lurihiiu
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R,COOCH, HOCH, R,COOCH,

Frighyceride Giycerol  Methy! eslers
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{ aaa o an @ d v
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26.1 inTealfraainuumavssynsewaita (Pack-Bed or Fixed-Bed Reactor)

< A I ;I 9 o 1 Aan A A
PUMAVBITINUTTO T UTITAIAY AN591RNT01 HT0dTIMOYUITTY
[ A a 4 =1 £ I 9 o’j [ ] [ 1
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v ' . A
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1. Oil reservoir
2. Methanol reservoir
3. On-off valve
4. Pump
5. Pressure gauge
6. Check valve
T Tur n
8. Reactor vessel
9. Heating band

D, €

1 2 17. Coke valve

i 14 insealfnssiuuumaiia [22]
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2.6.2 w3elfnsainumaans (Slurry reactor)
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Doped ZirCOHia“luﬂﬁﬁ?amiméﬁaﬁgwa§ﬂgﬂ%umaal‘i1ﬁu5’agw5mﬁ’ummuaaﬁamwﬂﬁ
250 °C uazlassneamesilinduves n-Octanoic Acid summiueafigumgi 175-250 °C
1nnInaassnua Titanium-Doped Zirconia uaz Aluminium-Doped Zirconia da3wuiludaiss



26

aaa < A a A 9 o a g’ O
UgnsenlugdvewdsiiidseaninmgedmsumsanaaluTofaaininiudunaes iz

v 4
Tamsulasuu)asuinndt 95% lul§asemedeauun

Soybean
Qil

Pump

]

Heater
e

Pump

Methanol ’E —

Cooling
zone

4w < A4 >0

Sampling

amidi 15 laezunsuves Fixed Bed Reactor [25]

Shijii naznaiz [26] Famsas o luTedmavimiiudwndosfuwmueaiae 19
wFeslnsainuviwadiedaldsuiiu Biocatalyst minmsnaaemu idnmaedaesinuni
90% fisns s Inaiiu 25 Aasded Tug veamsngasewunng lusond 1 naziained
pgiszura 80% wavandiumsiilgnserlduds 10 seu Gnsiwanisnaasalyl
.

= ~ Y Y A Y Aa g o [ a aan av A
L’]J‘iEJ‘]JmEJ‘]Jﬂ°1Jﬂﬁclﬂ)’ell’mmi@\iuﬂ’nmﬂﬁLGUEJ1L‘]Juﬂ1“]5u$ﬁ1WTlJﬂ1SLﬂﬂﬂgﬂifﬂ 1NN1IIYU

[ Y
ezl s ugeevnssumsraagemassznn luTedwaluilagiiv

nwdi 16 laezunsuves Packed Bed Reactor [26]



21
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Sample ID: Activated carbon
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Outgas Time: 7.0 hrs Outgas Temp: 250.0 °C Sample Weight: 0.0927 g
Analysis gas: Nitrogen Molec. Wt:  28.0134 g Non-ideality: 6.58e-05 1/mmHg
Analysis Time: 279.0 min Instrument: Autosorb 1 Bath temp.: 77.3K
Adsorbate  Nitrogen Temperature 77.350K
Surface Area Data
MultiPoint BET 8.30E+02 m3/g
Langmuir surface area 1.25E+03 m?3/g
BJH method cumulative adsorption surface area 1.84E+02 m3/g
BJH method cumulative desorption surface area 2.60E+02 m¥g
DH method cumulative adsorption surface area 1.92E+02 m?3/g
DH method cumulative desorption surface area 2.71E+02 m3g
t-method external surface area 4.14E+02 ma3g
t-method micropore surface area 4.15E+02 m3/g
DR method micropore area 1.58E+03 m3/g
NLDFT cumulative surface area 8.62E+02 ma3/g
Pore Volume Data
Total pore volume for pores with Diameter
less than 2998.11 A at P/Po = 0.993572 9.38E-01 cclg
BJH method cumulative adsorption pore volume 5.85E-01 = cc/g
BJH method cumulative desorption pore volume 6.22E-01, cclg
DH method cumulative adsorption pore volume 5.79E-01 cclg
DH method cumulative desorption pore volume 6.19E-01 cclg
t-method micropore volume 2.18E-01 cclg
DR method micropore volume 5.61E-01 ccl/g
HK method cumulative pore volume 3.88E-01 cclg
SF method cumulative pore volume 3.92E-01 cclg
NLDFT method cumulative pore volume 7.12E-01 cclg
Pore Size Data
Average pore Diameter 452E+01 A
BJH method adsorption pore Diameter (Mode Dv(d)) 3.66E+01 A
BJH method desorption pore Diameter (Mode Dv(d)) 3.60E+01 A
DH method adsorption pore Diameter (Mode Dv(d)) 3.66E+01 A
DH method desorption pore Diameter (Mode Dv(d)) 3.60E+01 A
DR method micropore Pore width 4.48E+01 A
DA method pore Diameter (Mode) 1.92E+01 A
HK method pore Diameter (Mode) 3.68E+00 A
SF method pore Diameter (Mode) 4.52E+00 A
NLDFT pore Diameter (Mode) 9.26E+00 A




Sample ID: Ca(NO3)2/AC
Outgas Time: 16.0 hrs

Outgas Temp: 250.0 °C

Sample Weight: 0.1665 g
Non-ideality: 6.58e-05 1/mmHg

Analysis gas: Nitrogen Molec. Wt:  28.0134 g

Analysis Time: 203.0 min Instrument: Autosorb 1 Bath temp.:

Adsorbate  Nitrogen Temperature 77.350K

Surface Area Data
MultiPoint BET 6.64E+00 m3/g
Langmuir surface area 1.06E+01 m3/g
BJH method cumulative adsorption surface area 3.41E+00 m3/g
BJH method cumulative desorption surface area 4.86E+00 m3/g
DH method cumulative adsorption surface area 3.46E+00 m3/g
DH method cumulative desorption surface area 4.99E+00 m3/g
t-method external surface area 6.40E+00 m¥g
t-method micropore surface area 2.40E-01 m3/g
DR method micropore area 1.68E+01 m3/g
NLDFT cumulative surface area 5.64E+00 m3/g
Pore Volume Data
Total pore volume for pores with Diameter
less than 2897.32 A at P/Po = 0.993346 9.21E-02 cclg
BJH method cumulative adsorption pore volume 9.04E-02 cclg
BJH method cumulative desorption pore volume 9.10E-02 cclg
DH method cumulative adsorption pore volume 8.78E-02  cclg
DH method cumulative desorption pore volume 8.85E-02 cclg
t-method micropore volume 9.74E-05 cclg
DR method micropore volume 5.97E-03 cclg
HK method cumulative pore volume 2.71E-03 cclg
SF method cumulative pore volume 5.45E-04 cclg
NLDFT method cumulative pore volume 8.27E-03 cclg
Pore Size Data

Average pore Diameter 554E+02 A
BJH method adsorption pore Diameter (Mode Dv(d)) 1.55E+03 A
BJH method desorption pore Diameter (Mode Dv(d)) 3.57E+01 A
DH method adsorption pore Diameter (Mode Dv(d)) 1.55E+03 A
DH method desorption pore Diameter (Mode Dv(d)) 357E+01 A
DR method micropore Pore width 6.58E+01 A
DA method pore Diameter (Mode) 2.64E+01 A
HK method pore Diameter (Mode) 3.68E+00 A
SF method pore Diameter (Mode) 3.66E+01 A
NLDFT pore Diameter (Mode) 1.19E+01 A
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Sample ID: Calcium oxide

Outgas Time: 20.0 hrs Outgas Temp: 250.0 °C
Analysis gas: Nitrogen Molec. Wt:  28.0134 g
Analysis Time: 265.0 min Instrument: Autosorb 1

Sample Weight: 0.3058 g
Non-ideality: 6.58e-05 1/mmHg
Bath temp.: 77.3K

Adsorbate  Nitrogen Temperature 77.350K
Surface Area Data
MultiPoint BET 1.31E+01 m3g
Langmuir surface area 2.12E+01 ma3/g
BJH method cumulative adsorption surface area 8.89E+00 m?/g
BJH method cumulative desorption surface area 1.15E+01 m3/g
DH method cumulative adsorption surface area 9.16E+00 m3¥g
DH method cumulative desorption surface area 1.20E+01 m3/g
t-method external surface area 1.31E+01 m3g
DR method micropore area 3.55E+01 mg
NLDFT cumulative surface area 1.06E+01 m3/g
Pore Volume Data

Total pore volume for pores with Diameter

less than 2891.68 A at P/Po = 0.993333 1.08E-01 cclg
BJH method cumulative adsorption pore volume 1.05E-01 cclg
BJH method cumulative desorption pore volume 1.06E-01 ‘cclg
DH method cumulative adsorption pore volume 1.02E-01 cclg
DH method cumulative desorption pore volume 1.04E-01  cclg
DR method micropore volume 1.26E-02 cclg
HK method cumulative pore volume 5.14E-03 cclg
SF method cumulative pore volume 5.28E-03 cclg
NLDFT method cumulative pore volume 1.80E-02 cclg

Pore Size Data

Average pore Diameter 3.28E+02 A
BJH method adsorption pore Diameter (Mode Dv(d)) 3.66E+01 A
BJH method desorption pore Diameter (Mode Dv(d)) 357E+01 A
DH method adsorption pore Diameter (Mode Dv(d)) 3.66E+01 A
DH method desorption pore Diameter (Mode Dv(d)) 3.57E+01 A
DR method micropore Pore width 7.05E+01 A
DA method pore Diameter (Mode) 2.70E+01 A
HK method pore Diameter (Mode) 3.68E+00 A
SF method pore Diameter (Mode) 452E+00 A
NLDFT pore Diameter (Mode) 3.10E+01 A
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Sample ID: AC from palm shell

Outgas Time: 20.0 hrs Outgas Temp: 250.0 °C Sample Weight: 0.3058 g
Analysis gas: Nitrogen Molec. Wt:  28.0134 g Non-ideality: 6.58e-05 1/mmHg
Analysis Time: 382.0 min Instrument: Autosorb 1 Bath temp.: 77.3K
Adsorbate  Nitrogen Temperature 77.350K

Surface Area Data

MultiPoint BET 6.12E+01 m3g
Langmuir surface area 9.45E+01 ma3/g
BJH method cumulative adsorption surface area 7.36E+01 mg
BJH method cumulative desorption surface area 1.17E+01 m3g
DH method cumulative adsorption surface area 7.73E+01 ma3g
DH method cumulative desorption surface area 1.36E+01 m3/g
t-method external surface area 5.63E+01 m¥g
t-method micropore surface area 4.88E+00 m2/g
DR method micropore area 1.04E+02 m3/g
NLDFT cumulative surface area 5.43E+01 m3g

Pore Volume Data

Total pore volume for pores with Diameter

less than 2867.95 A at P/Po = 0.993277 4.75E-02 cclg
BJH method cumulative adsorption pore volume 4.73E-02 cclg
BJH method cumulative desorption pore volume 1.59E-02  cclg
DH method cumulative adsorption pore volume 4.73E-02, cclg
DH method cumulative desorption pore volume 1.63E-02 cclg
t-method micropore volume 2.78E-03 cclg
DR method micropore volume 3.70E-02 cclg
HK method cumulative pore volume 2.63E-02 cclg
SF method cumulative pore volume 2.68E-02 cclg
NLDFT method cumulative pore volume 3.70E-02 cclg

Pore Size Data

Average pore Diameter 3.11E+01 A
BJH method adsorption pore Diameter (Mode Dv(d)) 1.35E+01 A
BJH method desorption pore Diameter (Mode Dv(d)) 1.78E+01 A
DH method adsorption pore Diameter (Mode Dv(d)) 1.356+01 A
DH method desorption pore Diameter (Mode Dv(d)) 1.78E+01 A
DR method micropore Pore width 4.02E+01 A
DA method pore Diameter (Mode) 1.82E+01 A
HK method pore Diameter (Mode) 3.68E+00 A
SF method pore Diameter (Mode) 452E+00 A
NLDFT pore Diameter (Mode) 1.54E+01 A




Sample ID: Ca(NO3)2/AC from palm shell

Outgas Time: 20.0 hrs Outgas Temp: 250.0 °C
Analysis gas: Nitrogen Molec. Wt:  28.0134 g

Analysis Time: 184.0 min Instrument:  Autosorb 1
Adsorbate  Nitrogen Temperature 77.350K

85

Sample Weight: 0.1926 g
Non-ideality: 6.58e-05 1/mmHg
Bath temp.: 77.3K

Surface Area Data

MultiPoint BET

2.11E+00 m3g

Langmuir surface area

3.36E+00  m?3/g

BJH method cumulative adsorption surface area

2.01E+00 m?3/g

BJH method cumulative desorption surface area

2.11E+00 m?3/g

DH method cumulative adsorption surface area

2.27E+00 ma3/g

DH method cumulative desorption surface area

2.40E+00 m?3/g

t-method external surface area

2.01E+00 m3/g

t-method micropore surface area

9.71E-02 m?3g

DR method micropore area

4.85E+00 m3/g

NLDFT cumulative surface area

1.76E+00 m3/g

Pore Volume Data

Total pore volume for pores with Diameter
less than 2943.26 A at P/Po = 0.993451

1.52E-02 cclg

BJH method cumulative adsorption pore volume

1.52E-02  cclg

BJH method cumulative desorption pore volume

1.50E-02 ccl/g

DH method cumulative adsorption pore volume

1.49E-02  cclg

DH method cumulative desorption pore volume

1.47E-02 cclg

t-method micropore volume

5.62E-05 cclg

DR method micropore volume

1.72E-03 cclg

HK method cumulative pore volume

9.00E-04 cclg

SF method cumulative pore volume

3.38E-03  cclg

NLDFT method cumulative pore volume

2.39E-03 cclg

Pore Size Data

Average pore Diameter 2.89E+02 A
BJH method adsorption pore Diameter (Mode Dv(d)) 1.54E+01 A
BJH method desorption pore Diameter (Mode Dv(d)) 1.77E+01 A
DH method adsorption pore Diameter (Mode Dv(d)) 1.54E+01 A
DH method desorption pore Diameter (Mode Dv(d)) 1.77E+01 A
DR method micropore Pore width 5.89E+01 A
DA method pore Diameter (Mode) 2.44E+01 A
HK method pore Diameter (Mode) 3.68E+00 A
SF method pore Diameter (Mode) 3.88E+01 A
NLDFT pore Diameter (Mode) 1.54E+01 A
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Biodiesel fuel production using activated carbon as heterogeneous catalyst
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ABSTRACT

Transesterification of palm stearin with methanol was investigated under a heterogeneous catalysis
system. The reaction was studied by vanous amount of metal loading 1n activated carbon (AC). Catalysts
prepared via an impregnation method were applied as solid catalysts. The supported alkali earth metal
catalysts with active metal oxides formed at calcimation temperatures at 450°C. The catalysts were
characterized, using techniques of thermogravimetric analysis (TGA), scanning electron microscope (SEM),
and X-ray diffraction (XERD). The results indicated that the suitable conditions for heterogeneously catalyzed

transesterification of palm stearin over Ca(NO,),/AC were the methanol/o1l molar ratio of 15:1, temperature of
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60°C and reaction time of 4 h, with 10.5% (w/w) catalyst to o1l ratio and the methy] ester (ME) content of
=98%. Some unportant fuel properties of the resultant biodiesel products nearby the standards of biodiesel.

Keywords: Biodiesel, Activated Carbon, Heterogeneous Catalyst
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