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Worada Moonsrikaew 2008: Production of Bio-oil by Pyrolysis of Corn Cob, Jatropha
Stem, and Lime Skin Using Ni/Activated Carbon Produced from the Char Products.
Master of Engineering (Chemical Engineering), Major Field: Chemical Engineering,
Department of Chemical Engineering. Thesis Advisor: Associate Professor Apinya

Duangchan, Ph.D. 93 pages.

Bio fuels or bio-oils were produced from corn cob, lime skin, and Jatropha stem via
slow pyrolysis process which was carried out in a fixed bed reactor with a heating rate of 1.6°C
min ' under nitrogen atmosphere. The biomass diameter was 0.5-2.0 mm. The effect of the
pyrolysis temperature (300, 350, 400, 500, and 550°C) on the bio-oil yield of Jatropha stem was
investigated. When the reactor temperature was raised up to 400°C, the bio-oil yield increased;
from 400 to 550°C the liquid yield decreased with an increase in gas yield. The percentage of
solid yields were in the range of 26-31. The liquid product yields were decreased in the order:
corn cob (48%) > Jatropha stem (41%) > lime skin (42%). The percentage of char yields of
corn cob, Jatropha stem and lime skin were 29, 28, and 25 and the percentage of gas yields were
23, 29 and 31, respectively. The heating values of bio-oils from corn cob, lime skin and Jatropha
stem were 30, 27 and 25 MJ/kg, respectively. The analytical results of liquid product using
Fourier transform infrared spectrophotometer (FT-IR) showed that the liquid product consisted
of alkane, aldehyde, ketone, and alcohol. The BET surface areas of chars obtained from corn
cob, lime skin, and Jatropha stem were 52, 51 and 28 m’/ g , respectively. The BET surface areas
of activated carbons produced from corn cob, Jatropha stem, and lime skin were 241, 214, and
202 m’/ g, respectively. The activated carbon from corn cob has the highest surface area, thus it
was used as a support for Ni catalyst. By using three types of catalysts which were
Ni(unreduced)/activated carbon, Ni(reduced)/activated carbon and ZSM-5 zeolite from fly ash
to upgrade bio-oil from pyrolysis of corn cob, the liquid yields were 86, 89, and 92,
respectively. The gasoline yields were 87, 92, and 91, respectively and the heating values were
25, 34, and 32, respectively. Activated carbon from pyrolysis char was able to be used as a

catalyst support to improve the bio-oil.

Student’s signature Thesis Advisor’s signature
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Production of Bio-oil by Pyrolysis of Corn Cob, Jatropha Stem and Lime Skin
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1. MIIATTHIVVAZIDYA (ultimate analysis)
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941 Tna
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n: Onay (2007)
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1000 1.130 0.990 0.850 2250 0.502 0.440 0.378
1050 1.076 0.943 0.810 2300 0.491 0.430 0.370
1100 1.027 0.900 0.773 2350 0.481 0.421 0.362
1150 0.982 0.861 0.739 2400 0.471 0.412 0.354
1200 0.941 0.825 0.709 2450 0.461 0.404 0.347
1250 0.904 0.792 0.680 2500 0.452 0.396 0.340
1300 0.869 0.761 0.654 2550 0.443 0.388 0.333
1350 0.837 0.733 0.630 2600 0.434 0.381 0.327
14000 0.807 0.707 0.607 2650 0.426 0.374 0.321
1450 0.779 0.683 0.586 2700 0.418 0.367 0.316
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ARER-VOLUME-FORE SIZE STIMMARY

SURFACE AREAL DATA

Multipoint BET. oo . e E.186E+01 m?rfg
Single Point BET. . . ..o 4. 074E+01 m*fd
Langmuuir Surface AEed. . .. i e e e e e e e e e e E_134E+01 m?ryg
ETH Method Cumnlatiwve Adsorption Surface Avea. ... ... .. ..... S.801E+01 mw?fg
ETH Method Cumnlatiwve Desorption Surface Avea. ... ... .. ..... 1.0z23E+02 m?fg
DH Method Cumulatiwe Adsorption Surface Area. ... ... ... .... 1_0Z0E+0Z m?rfyg
DH Method Cunulatiwve Desorption Surface Area. . ............. 1.130E+02 m?fg
t-Method External Surface Area. . ... ...t 5. 186E+01 mw?ig
t-Method Micro Pore Burface Area. . . ... i it O_000E+00 m?fg
DR Method Micro Pore AFea. o ... it i aeaaa e T.96EE+00 m? iy

PORE VOLUME DATA

Total Fore VWolume for pores with Diameter

less than 4357.4 A at P/Po = 0.9955%. .. .. £.50%E-01 cofg
ETH Method Cumnlatiwve Adsorption Pore Wolume. ... ... ... ...... Z.731E-01 ecofg
ETH Method Cumnlatiwve Desorption Pore Wolume. ... .. ... .. ..... Z.661lE-01 cofg
DH Method Cumulatiwe Adsorption Pore Volume. . ... ... ........ 2.653E-01 cofyg
DH Method Cunulatiwve Desorption Pore Volume. ... . ... ... ..... Z.6Z1E-01 ecofg
t-Method Micro Pore Wolume. ... .. o it it e i e i eamea e 0.000E+00  ecofg
DE Method Micro Pore Wolume. . ... .o it e e it i eaaaeees Z.830E-032 ecofyg
HE Method Cunulatiwve Pore Wolume. ... .. .o tnonamna.n 1.293E-02 cofg
5F Method Cunulatiwve Pore Wolume. .o ... ..ot nonann.n 1.384E-02 cofg

Average Pore Diamet el . . .. . i et e i e e et 1.935E402 &
ETH Method Adsorption Pore Diameter (Mode) .. ... ..... ... ..... Z.743E401 A
ETH Method Desorption Pore Diameter (Mode) .. ... ..... ... ..... Z.734E401 A
DH Method Adsorption Pore Diameter (Mode) .. ... ..... ... ..... 2.743E401 &
DH Method Desorption Pore Diameter (Mode) .. ... ..... ... ..... Z.734E401 A
DR Method Micro Pore Width .. . ... .. 7.561E+01 A
2 Method Pore Dismeter (Modey. .. .. ... ... 1.9z0E4+01 &
HE Method Pore Width Mode) . oo . 1.477E+01 A
5F Method Pore Dismeter (Modey. oo ... ... Z.777E+0l A

v Y v
MwHLINh 91 Joyannmsimseimsniuiuuy BET ¥09811313 91049912 Twa



ARER-VOLUME-FPORE =2IZE ESTMMARYT

SURFACE AREXZ DATA

Multdipodint BET. o o e e e e e e e e e e e e a e
Bingle Point BET . o L e e e a e
Langmuir Surface Ared. ... ... it e e e e e e e e e a e e
EJH Method Cumulatiwe Adsorption Burface Area. ... ... . .......
EBEJH Method Cumulatiwe Desorption Burface Area. ... ... .. ......
DH Method Cumulative Adsorption Surface Area. ... ... .. ......
DH Method Cumulative Desorption Surface Area. ... ... .. ......
t-Method External Surface Area. . . . ... it
t-Method Micro Pore Surface Area. . . ... ..ot
DE Method Micro Pore AYed. o . . . it i i it e e e e e e e e e

.788E+01l miSyg
24z2E+01 miSg
.6E0E+01 m? /Sy
S190E+01 m? Sy
.BE9E+01 mf Sy
839E+01 miSg
J995E+01 miSg
.788E+01l mi Sy
O00E+00 m?fg
SE14E+00  m? g

LY e T Y U T S £ T A )

PORE WVOLUME DATA

Total Pore Wolume for pores with Diawmeter

less than 4255.0 A at PAPo o= 099543 .
EJH Method Cumulatiwe Adsorption Pore Woluwme. ... ... ... ...
EJH Method Cumulatiwe Desorption Pore Woluwme. ... ... ...
DH Method Cumulative Adsorption Pore Wolume. o oo ... ... . ...
DH Method Cumulative Desorption Pore Wolwme. o o ... ... ..
t-Method Micro Pore Wolume. . .. ... ... ... e e e e e eee e
DE Method Micro Pore Wolume. . .. ...
HE Method Cumulatiwve Pore Volume. . .. .. ... ... ... nnnnn-
5F Method Cumulatiwe Pore Volume. oo . ... ... .........

.532E-0Z cofy
LE0EE-0Z  cofy
.191E-0Z cofy
.482E-0Z cofy
.114E-0Z cofy
.000E4+00  cofy
.381E-03 cofy
.ZZ0E-03 cofy
.60ZE-03 cofy

s S O T e B« R

Average Pore Dilameter. . . o L i e e e e e e 1.082E+02 A
BEJH Method Adsorption Pore Diasmeter (Mode) o oo ... ...... 9.E23E+00 A
EJH Method Desorption Pore Diameter (Mode). ... .... ... ...... z.180E+01 A
DH Method Adsorption Pore Diasweter (Mode) . ... .. ... .. ...... S.E23E+00 &
DH Method Desorption Pore Diameter (Mode). .. ... ... ...... z.180E+01 A
LR Method Micro Pore Width oo . o oo o L. 6.647E+01 &
LA Method Pore Diameter (Mode). oo ... . ..., 1.920E+01 A
HE Method Pore Width (Mode) o oo 9.725E+00 A
5F Method Pore Diameter (Mode). oo ... ... 1.781E+01 A

] A & 4 Y 1 4 1o
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AREA-VOLUME-PORE SIZE SUMMARY

SURFACE AREA DATA

Multdipoint BET . . . it e e e e e e e e e e e E.1EEE+01 m®/ig
Bingle Point BET. o .. e e e e e e 1.843E4+01 m®ig
Langmuir Surface AFed. o .. i e e e e e e e e e e e Z.037E+01 mwm?®fg
EJH Method Cumulatiwve Adsorption Surface Area. ... ... .. ...... 4 433E+01 mw?®/g
EJH Method Cumulatiwve Desorption Surface Area. .. ... ... ...... 4_ EZZE+01 mwm®fg
DH Method Cumualatiwe Adsorption Surface Area. ... ... ... .. .... 4 TTIE+01l mwm®fg
DH Method Cumualatiwe Desorption Surface Area. ... ... ... .. .... 4_ 934E+01 mw®fg
t-Method External Surface Area. . .. ... 2. 17ZE+01 mwm®fg
t-Method Micro Pore Surface Area. o ... .o E_814E+00 mwm?®/g
DE Method Micro Pore Ared. o ... i it e e et e e ie e e e e et 1. E35E+00 mwm?®/g

PORE WVOLUME DATA

Total Pore Wolume for pores with Diameter

less than 3995.9 A at PAfPo = 0O.99E19 e B.164E-02 ocofyg
EJH Method Cumulatiwve Adsorption Pore Volwume. o ... ... ... .... S_EBLEE-0E cofg
EJH Method Cumulatiwve Desorption Pore Volwume. o ... ... ... ... 8_9L1E-0F cofg
DH Method Cumualatiwe Adsorption Pore Wolume. ... ... ... .... S_10ZE-0E cofg
DH Method Cumualatiwe Desorption Pore Wolume. o ... oo ... .... 8_89%5E-0& cofg
t-Method Micro Pore Wolume. o o . . . L.t ittt e e e e e et -4 _ E1EE-032 ocofg
DR Method Micro Pore Wolume. o . . L. e i et e e e e e e e e s E_454E-04 cofg
HE Method Cumualatiwe Pore Wolume. o oo L. o0t e e e e e 4 GESE-03F cofg
5F Method Cumulatiwe Pore Wolume. o ... L. oo e e e e e e 4_ S34E-03F cofg

Average Pore Diameb el . o o . . oL e e e e e e e e e e e 1.185E+02 A
EJH Method Adsorption Pore Diameter (Mode) . ... ... .......... 1.331E+01 A
EJH Method Desorption Pore Diameter (Mode) ... ... .. ... .. ..... 1.673E+01 A
DH Method Adsorption Pore Diameter (Mode) ... ... ... ....... 9.603E+00 A
DH Method Desorption Pore Diameter (Mode) ... ... .. ... .. ..... 1.673E+01 A
LR Method Micreoe Pore Width  C oo oo, 1.734E401 &
LA Method Pore Diameter (Mode) .. oo ... ...... 1.920E401 &
HE Method Pore Width Mode) . e 9.875E400 &
5F Method Pore Diameter (Mode). . oo ... .... 1.809E401 &

DATA REDUCTION PARAMETERS

v Y v
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AREA-TOLUME-PORE SIZE STUMMARTY
SURFACE AREL DATR

Mualtipoint BET . o L L e e e e e e eiaae
BJH Method Cumulatiwve Desorption Surface Area. oo ._.....
DH Method Cumulatiwe Desorption Surface Area. . ... ... ... .....
DR Method Micro Pore Area. .. .. i et et e e e e e

PORE VOLUME DATR

Total Pore Wolume for pores with Diameter

less than 31852.6 L at PrAPo o= 099940 0 .0 i
BJH Method Cumulatiwve Desorption Pore Wolume. .o .. ... _.....
BJH Interpolated Cumulatiwve Adsorption Pore Volume for pores
in the rangs of S000.0 to 0.0 A Diameter.. ... .. _.._....._....
BJH Interpolated Cumulatiwe Desorption Pore Wolume for pores
in the range of 5000.0 £o 0.0 L Diameter.. ... ..o ...
DH Method Cumulatiwe Desorption Pore Volwume. . oo ... ... ... ..
DR Method Micro Pore Wolume. o . oo . . oL ot e e ie e
HE Method Cumulatiwve Pore Wolume. o oo ... ..o aonn
5F Method Cumulatiwve Pore Wolume. . o ... ... ... ooann

Arverage Pore Diameber . . . o L e e e e e e e eiaae
BJH Method Desorption Pore Diameter (Mode). .. ... .. ... .......
LH Method Desorption Pore Diameter (Mode). .. .. . ... ... ._.....
DE Method Micro Pore Wideh o o oo ... ..
LA Method Pore Diameter (Mode). .. ... ... ... ...,
HE Method Pore Width L
5F Method Pore Diameter (Mode). ... .. .. ... .. . ...

DATA BREDUCTION PARAMETEERS

Z_40L5E+02
1_230E+02
Z2.0LZE+02
Z2_1E54E+40E2

L_732E-01
&6_031E-01

O_000E+00

&_0L7E-01
S.8T0OE-01
7_EEEE-0Z
7_0LZE-0Z
7.l65E-02

1_353E+0:2
1.14ZE+02
1_14ZE+02
S_1Z4E+401
1_8Z0E+01
1.zZ17E+01
Z_ETOE+01

87

w? iy
w2y
w2y
w? o

cofy
cofy

cofg

cofy
cofy
cofg
cofy
cofy

teen Been foen been foen Bevn foen

v Y v
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ALEA-VOLUME-PORE SIZE SUMMART

SEURFACE AREA DATA

Multipodint BET . .. i e e e e e e e e e e Z2_.012E+0Z2 mwm?/yg
Lanogmuir Surface Area. o .. e e e e e e e eeao - 2.Z09E+02 w?*jg
EJH Method Cumunlative Adsorption Surface Area. ... ... ... .... 1.101E+0Z w?*/g
EJH Method Cumunlative Desorption Surface Area. ... ... ... .... 1.120E+02 w?*/g
DH Method Cumulative Adscrption Surface Area. . ... ... ...._.._.... 1.150E+02 mw?/g
DH Method Cumulative Descrption Surface Area. . ... ... .. .._.._.... 1.174E+02 mw®/g
t—-Method External Surface Arvea. . _ . . . . ... S9_.181E+01 mwm? /g
t-Method Micro Pore Surface Brea. .. L. _... 1.10ZE+02 m®/g
DR Method Micro Pore AvYes. o o o o _ . . L. ... 3_.003E+0Z m*,-’gi

DORE WOLUME DATR

Total Pore Wolume for pores with Diameter

less than E077.1 & at o e O Z2.3E8E-01 wcofyg
EJH Method Cumulatiwve Adsorption Pore Wolume. ... ... ... ..... 1.780E-01 cofg
EJH Method Cumunlatiwve Desorption Pore Wolume. ... ... ... _... 1.663E-01 coig
DH Method Cumulatiwve Adscrption Pore Woluwe. . ... ... ... _.... 1.74%9E-01 cofg
DH Method Cumulatiwe Descrption Pore Woluwe. . ... ... ... ._.... 1.639E-01 ccig
t-Method Micro Pore Wolume. o o o o . . ... e 5. 054E-0Z cofg
DR Method Micro Pore Wolume. o o . o ... it e e e e e aaa 1.087E-01 ccig
HE Method Cumulatiwe Pore Wolume. . .. ... oan 9.8E23E-0Z coig
5F Method Cumulative Pore Wolume. . oo .. ..o oaoeann- 9.91&E-02 coig

Average Pore Diamete¥r. . o o L L _... 4. 673E+01 A&
EJTH Method Adsorption Pore Diameter (Mode). o ... ... ......._.... 1.425E+01 A&
EJTH Method Desorption Pore Diameter (Mode). o ... ... ......._.... 3.806E+01 A&
DH Method Adsorption Pore Diameter (Mode). o ... ... ......._.... 1.4Z5E+01 A&
DH Method Desorption Pore Diameter (Mode). o ... ... ......._.... 2.806E+01 A&
DE Method Micro Pore Width ... ... i 7.404E401 A
DA  Method Pore Diameter (Mode). . ... ... ... ... ... .. ...... 1.640E401 A&
HE Method Pore Width (Mode) ... oo 1.462E401 A&
EF Method Pore Diameter (Mode). ... .. ... . ... ... ... ... ..., Z.741E401 A

1o

' 9 a & I A 1 v o d 9
ﬂ']WWUFJﬂﬁ 5 GU'E_Jll”ai]']ﬂﬂ'li'J!ﬂi’]gﬁf‘l'ﬁﬁ’]ﬁuﬁllﬂﬂ BET ellf]Qﬂ'luﬂ‘lJllu@i]']ﬂﬂuay’@'l



89

AREA-VOLUME-PORE SIZE SUMMART

SURFACE AREA DATA

Lanmuir Surface Ared. ... . e e e e a e Z.131E+0z2 mwm®Sg
EJH Method Cumulatiwe Adsorption Burface Area. ... ... .. ...... Z.041E+0z2 mwm?®/Sg
DH Method Cumulatiwve Adsorption Surface Area. ... ... .. ...... Z.0EEE+0Z mwm®Sg
DE Method Micro Pore Ared. o . .. it it it e e it a e e e e eeaa 1.131E+0z2 mwm?® /g

PORE WVOLUME DATA

EJH Method Cumulatiwe Adsorption Pore Woluwme. . ... .. .... .. 1.132E+01 cofg
DH Method Cumulatiwve Adsorption Pore Wolume. o ... ... ... .... 1.161E+01 eccofyg
DR Method Micro Pore Wolume. o . . L.t a e eiaa o 4 _0Z0E+01 cofg
HE Method Cumulatiwve Pore Wolume. o oo ...t i e e e e m 3.7e3E+01  cofy
5F Method Cumulative Pore Wolume. o .. L. oot ittt e e e e e et 3.9ZEE+01  cofyg

PORE SIZE DATA

EJH Method Adsorption Pore Diameter (Mode). .. ... ... .. ...... Z.336E+01 A
DH Method Adsorption Pore Diaweter (Mode) . ... ... ... ...... z.336E+01 A&
LR Method Micro Pore Width .o ... 1.021E+02 A
LA Method Pore Diameter (Mode). .. ... .. ... on 1.920E+01 A&
HE. Method Pore Width (Mode) o oo oL g.175E+00 A
2F Method Pore Diameter (Mode). .o ... 1.467E+01 A&

LATA REDUCTION PARARMETERS
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