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Suchawadee Ratthanaberee 2009: Hydrogen Production from Pyrolysis Oil of
Soybean by Catalytic Steam Reforming Using Co-Ni over Cerium Oxide
Nanoparticles Prepared by Spray Pyrolysis. Master of Engineering (Chemical
Engineering), Major Field: Chemical Engineering, Department of Chemical

Engineering. Thesis Advisor: Associate Professor Apinya Duangchan, Ph.D. 96 pages.

Catalytic steam reforming for hydrogen production was studied using bio-oil from
pyrolysis of soybean cake as a raw material. The pyrolysis experiment was carried out in
nitrogen atmosphere at 400°C. The yields of pyrolysis products were 23.6, 48.0 and 28.4% of
solid , liquid (bio-oil), and gas, respectively. Bio-oil separated into 2 phases, organic phase and
aqueous phase. The aqueous phase was used to produce H,. The elemental analysis by gas
chromatograph and mass spectrometer (GC-MS) showed average composition of
CH, ,, O, 5N, on dry basis. The Co-Ni/CeO, catalyst was prepared by impregnation method
with mole ratio of Co-Ni:Ce equals 1:1 and mole ratios of Co:Ni equal 1:1, 2:1 and 1:2. The
nanoparticles of CeO, catalysts were produced by spray pyrolysis at 650°C, using 0.05 M
Co(NO,),-6H,0 solution. Nanoparticles of CeO, characterized by transmission electron
microscope (TEM) was 6.8 + 2.9 nm. The reaction was performed in a fixed bed reactor at
temperatures of 600, 650 and 700°C. Mole ratio of steam to carbon (s/c) was 20 and 0.15 g of
catalyst powder was used. Gas product was analyzed by gas chromatograph (GC). As a result,
the best temperature for hydrogen production was 650°C. The highest yield of hydrogen was

4.79 when using Co-Ni/CeO, at mole ratio Co:Ni equals 1:1.

Student’s signature Thesis Advisor’s signature
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X-ray diffraction (XRD)
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1 66.0008 3.826 99,503 |
2 19.9180 6.010 30,028
3 15.0812 7.237 21,229
Total 100.0000 150,760
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Peak No. Result Ret. Time (min) Area (counts)
1 35.6479 3.763 148,812 |
2 1.8683 5.902 7,799
3 4.5063 7.099 18,811
4 6.7122 12.317 41,031
5 9.8290 16.689 28,020
6 11.6322 17.379 48,559
7 12.1134 17.626 50,567
8 17.6907 18.491 73,850
Total 100.0000 417,449
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Peak No. Result Ret. Time (min) Area (counts)
1 39.4650 3.787 200,616 |
2 2.3469 5914 11,930
3 5.0257 7.105 25,548
4 0.9967 8.919 5,066
5 0.6597 9.347 3,354
6 1.0592 9.942 5,384
7 3.1451 10.233 15,988
8 12.0654 12.301 61,333
9 0.2331 14.901 1,185
10 11.3871 17.354 57,885
11 10.3364 17.598 52,544
12 13.2797 18.483 67,506

Total 100.0000 508,339
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#inlsng uaziunldnsl (dmsudinleTasnudoyasglunsou

ﬁm?;sm)
Peak No. Result Ret. Time (min) Area (counts)
1 29.3462 3.848 292,705 |
2 1.0640 6.017 10,613
3 3.2093 7.221 32,010
4 19.5015 12.401 194,512
5 12.3170 15.920 122,852
6 1.5721 16.108 15,681
7 1.8850 16.328 18,756
8 5.9508 16.685 59,355
9 2.8688 17.076 28,614
10 12.8688 17.447 124,878
11 9.7696 18.342 97,444
Total 99.9999 997,420
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k4 v
winlsng uaziuinldnsl (dmsuiinleTasnudoyasglunsou

ﬁmﬁﬂu)

Peak No. Result Ret. Time (min) Area (counts)
1 49.7817 4.067 783,795 |
2 1.8556 6.129 29,216
3 5.4339 7.234 85,555
4 0.1073 7.862 1,689
5 2.6899 11.510 42,352
6 0.1823 11.803 2,870
7 0.2494 12.017 3,927
8 18.5501 12.274 292,065
9 4.6143 16.923 72,651
10 11.7187 17.330 184,506
11 4.7492 18.423 74,775
12 0.0676 23.623 1,064

Total 100.0000 1,574,465
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k4 v
winlsng uaziuinldnsl (dmsuiinleTasnudoyasglunsou

f?%m?iﬂu)
Peak No. Result Ret. Time (min) Area (counts)
1 55.9517 4.190 1,418,964 |
2 0.9476 6.047 24,033
3 5.8376 7.014 148,045
4 0.9251 11.369 23,461
5 0.1859 11.681 4,715
6 18.9762 11.959 481,245
7 2.1581 16.395 54,732
8 4.7989 16.927 121,702
9 6.5383 17.298 165,815
10 3.6805 18.323 93,338
Total 99.9999 2,536,050
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A A
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Peak No. Result Ret. Time (min) Area (counts)
1 31.0718 4.023 483,776
2 68.9282 5.966 1,073,187

Total 100.0000 1,556,963
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Y 1
#inlsng uaziuinldnsl (dmsuiinleTasnudoyasglunsou

ﬁmﬁ gu)
Peak No. Result Ret. Time (min) Area (counts)
1 0.2325 1.455 3,123
2 17.4013 4.006 233,669
3 82.3661 5.990 1,106,031
1,342,823

Total 99.9999
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1 0.0506 0.561 1,556
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1 10.1231 3.968 192,787 |
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Total 69.6094 1,325,661
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151105 15839 (n) Tua'lalasou AURASNUN

(Tadans) n,=PV/RT n,, = nx0.246 1dns
0.03 1.227x10° 3.018x10" 85,913
0.05 2.045x10° 5.031x10" 145,997
0.07 2.863x10° 7.042x10" 202,955
0.1 4.090x10° 1.006x10° 292,705
0.3 1.227x10° 3.018x10° 783,795
0.5 2.045x10° 5.031x10° 1,418,964

vineg P =anusu (luitl 1 u33919) R = mMAiveauid (82.056 cm’ -atm/K.mole)

T = gaungil (luiil 298 K)
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finan (i) fuildnsml  YSwaH,  USnaH,  H, yield (%)
méﬂ (mol) mﬁﬂ (mol/h)
0-27 483,304 9.650x10"
27-57 236,804 4.736 x10° 0.0106 4.79
57-87 102,806 2.056x10°
87-117 202,865 4.259x10°
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Y =4x107% X

[] A = dy ~ 2]
%$2907a1% 1 (0-27 1) Hunveauna lalasou (X) = 483,304
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A A

219707 2 (27-57 1) Hunveauda laTasau (X) = 236,804
s Tuaves H, = 4x10 %(236,804) = 9.47x10” Tuanonseia Tug
3919819 3 (57-87 W) Wunveauna lalasou (X) = 102,806

s Tuaues H, = 4x10°(102,806) = 4.11x10” Tuaaeniei lug
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Sper (TNUVATADNTY) = NA ¢ / [(s+) x (MW)]
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P/Po Volume 1/(W((Po/P)-1))
[cc/g] STP
1.0685e-01 14,1132 6.782E+00
1.5041e-01 15.1792 9.332E+00
1.9958e-01 16.3108 1.223E+01
2.4997e-01 17.3942 1.533E+01
3.0022e-01 18.4045 1.865E+01
Area = 5.679E+01 m?/g
Slope = 6.118E+01
Y - Intercept = 1.433E-01
Correlation Coefficient = 0.999682

C = 4.280E+02
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Extrapolation Data (Combined)

Active Metal Surface Area
Percent Metal Dispersion
'Average Crystallite Size
Slope

Y - Intercept

Monolayer Uptake (Nm)

Correlation Coefficient

2.353E+00 m?/g
1.159E+00 %
8.594E+02 A
6.431E-04
6.612E-01 cc/g
2.950E+01 pmol/g

0.996283
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Extrapolation Data (Combined)

Active Metal Surface Area
Percent Metal Dispersion =
Average Crystallite Size =

Slope =
Y - Intercept =
Monolayer Uptake (Nm) =

Correlation Coefficient =

3.

1.

5

479E+00 m2/g
713E+00 %

814E+02 A
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.773E-01 cc/g
.360E+01 pmol/g
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