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Report Title Study of surface treatment of mesoporous carbon by steam for metal
loading
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Report for Bachelor Degree of Engineering (Chemical Engineering)
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ABSTRACT

This thesis is to study the synthesis of catalyst with cobalt as active substance over the
supports such as organic gels and carbon gels. The steam activations at 700 and 800 °C are also
used. The catalyst supports and catalysts are characterized by nitrogen adsorption apparatus for
the BET surface area, the mesopore volume and the pore size distribution and carbon monoxide
chemisorptions apparatus for active site of catalyst. The results revealed that the supports and
catalysts derived from carbon gels were trended to have more BET surface area, mesopore
volume and active site than the supports and catalysts derived from organic gels. For steam
activation at 700 °C, the Co catalyst possesses the maximum active site. Therefore, in this work,
the suitable condition for the catalyst preparation is the carbon activated by steam at 700 °C

containing 55.80 x 10" site /g catalyst.
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TW§UEY O, AO_800, C 1Az AC_800

0 AO_800 AC_800
T p[nm] AVp/Ar, rp[nm] AVpl/Ar, rp[nm] AVpl/Ar, rp[nm] AVp/Ar,
[cmS/ gl [cms/ g] [cms/ g] [ch/ 2]
98.668 0.3201 98.668 0.6816 98.668 0.5621 98.668 0.2437
86.283 0.4036 86.283 0.8593 86.283 0.7087 86.283 0.3072
73.467 1.608 73.467 1.1937 73.467 0.9845 73.467 0.4268
62.562 6.2721 62.562 1.7551 62.562 1.4475 62.562 0.6274
54.273 8.7031 54.273 2.4588 54273 2.0279 54.273 0.8791
47.318 10.951 47.318 5.5063 47.318 2.5381 47.318 1.1002
39.923 13.971 39.923 13.459 39.923 3.2255 39.923 1.3982
34.385 18.448 34.385 17.619 34.385 4.2775 34.385 1.8542
29.86 26.432 29.86 24.888 29.86 6.1698 29.86 2.6745
25.812 36.786 25.812 34.478 25.812 8.6055 25.812 3.7303
22.24 159.04 22.24 44.638 22.24 11.13 22.24 54.1
19.006 72.731 19.006 273.25 19.006 301.91 19.006 230.44
16.308 51.889 16.308 126.69 16.308 134.82 16.308 197.58
14.126 72.114 14.126 92.256 14.126 67.638 14.126 91.352
12.237 99.892 12.237 128.02 12.237 94.428 12.237 126.35
10.644 25.698 10.644 102.5 10.644 83.837 10.644 96.501
9.221 17.92 9.221 19.778 9.221 16.91 9.221 25.227
7.9781 28.118 7.9781 32.345 7.9781 27.56 7.9781 39.228
6.9397 26.497 6.9397 30.186 6.9397 25.554 6.9397 35.689
6.0559 21.51 6.0559 19.302 6.0559 18.208 6.0559 21.819
5.2915 2641 5.2915 24.897 5.2915 21.112 5.2915 25.051
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YUIAFATUVDI O , AO_800, C Liaz AC_800

AO 800 C AC 800
r,[nm] AVp/Ar, r [nm] AVp/Ar, r,[nm] AVp/Ar, r [nm] AVp/ Ar,
[em’/ g] [em’/g] fem’/ gl [em’/ 2]
4.6263 24.009 4.6263 25.972 4.6263 18.466 4.6263 23.551
4.0494 24.629 4.0494 22.102 4.0494 17.527 4.0494 20.792
3.5516 26.608 3.5516 24.734 3.5516 17.883 3.5516 21.683
3.1159 26.362 3.1159 24.941 3.1159 16.653 3.1159 19.407
2.7364 30.835 2.7364 28.87 2.7364 20.208 2.7364 21.321
2.4099 35.376 2.4099 36.131 2.4099 26.542 2.4099 29.741
2.1252 26.898 2.1252 22.512 2.1252 17.547 2.1252 17.419
1.8761 36.205 1.8761 37.935 1.8761 29.859 1.8761 33.272
1.6584 32.072 1.6584 32.121 1.6584 23.657 1.6584 25.421
1.2154 42.164 1.2154 36.349 1.2154 24.001 1.2154 27.076
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JNFUVDN Co/C , Co/AC_T700 Lz Co/AC_800

Co/C Co/AC_700 Co/AC_800
r [nm] AVp/Ar, r [nm] AVp/Ar, r [nm] AVp/Ar,
[cm3/ gl [cm3/ o] [cmS/ g]

98.668 0.2406 98.668 3.34E-02 98.668 0.3983
86.283 0.3033 86.283 4.21E-02 86.283 0.5021
73.467 0.4213 73.467 5.85E-02 73.467 0.6975
62.562 0.6195 62.562 8.60E-02 62.562 1.0255
54.273 0.8679 54.273 0.1204 54.273 1.4368
47.318 1.0862 47318 0.1507 47.318 1.7983
39.923 1.3804 39.923 10.486 39.923 2.2853
34.385 1.8306 34.385 14.232 34.385 3.0306
29.86 2.6405 29.86 19.846 29.86 43713
25.812 3.6828 25.812 27.375 25.812 6.097
22.24 4.7633 22.24 35.465 22.24 36.608
19.006 236.76 19.006 49.624 19.006 335.24
16.308 228.75 16.308 68.754 16.308 111.11
14.126 74.226 14.126 96.642 14.126 74.321
12.237 103.22 12.237 134.84 12.237 103.63
10.644 103.21 10.644 148.83 10.644 113.35
9.221 21.326 9.221 30.54 9.221 21.047
7.9781 33.661 7.9781 44.955 7.9781 33.616
6.9397 32.584 6.9397 38.507 6.9397 28.025
6.0559 19.754 6.0559 28.636 6.0559 21.382
5.2915 22.681 5.2915 30.392 5.2915 25.05
4.6263 22.438 4.6263 26.602 4.6263 21.919
4.0494 18.919 4.0494 24.449 4.0494 20.138
3.5516 18.804 3.5516 23.323 3.5516 20.128
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YUINFNIUVDS Co/C , Co/AC_T00 tiag Co/AC_800

Co/C Co/AC_700 Co/AC_800
rp[nm] AVp/Ar, rp[nm] AVp/Ar, rp[nm] AVp/Arx,
[cms/ g] [cms/ g] [cmB/ g]
3.1159 18.562 3.1159 22.564 3.1159 19.46
2.7364 21.255 2.7364 23.892 2.7364 24.015
2.4099 28.345 2.4099 29.882 2.4099 30.354
2.1252 16.673 2.1252 19.78 2.1252 18.913
1.8761 30.828 1.8761 32.406 1.8761 35.41
1.6584 23.86 1.6584 26.638 1.6584 28.95
1.2154 25.614 1.2154 27.551 1.2154 30.693
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INFUYD Co/O , Co/AO_T00 Haz Co/AO_800

Co/O Co/AO_700 Co/AO_800
1,[nm] AVp/Ar, r [nm] AVp/Ar, r,[nm] AVp/Ar,
[cm3/ g] [cms/ 2] [cmS/ 2]
98.668 8.17E-03 98.668 0.46 39.923 11.334
86.283 1.03E-02 86.283 0.5798 34.385 14.723
73.467 1.43E-02 73.467 0.8055 29.86 20.53
62.562 2.10E-02 62.562 1.1843 25.812 54.103
54.273 2.95E-02 54.273 1.6593 22.24 144.44
47.318 3.34E-02 47.318 2.0767 19.006 222.24
39.923 4.21E-02 39.923 2.6392 16.308 59.754
34.385 5.59E-02 34.385 3.4999 14.126 83.503
29.86 0.5566 29.86 5.0483 12.237 116.12
25.812 2.2635 25.812 7.0411 10.644 96.329
22.24 2.9392 22.24 9.1069 9.221 17.55
19.006 4.079 19.006 288.31 7.9781 29.052
16.308 5.6259 16.308 146.63 6.9397 26.495
14.126 7.6122 14.126 72.02 6.0559 20.539
12.237 10.345 12.237 100.24 5.2915 25.354
10.644 13.936 10.644 78.034 4.6263 27.184
9.221 18.935 9.221 15.614 4.0494 27.808
7.9781 30.236 7.9781 25.762 3.5516 28.999
6.9397 62.373 6.9397 21.314 3.1159 29.052
6.0559 71.125 6.0559 15.729 2.7364 31.343
5.2915 60.508 5.2915 19.079 2.4099 41.216
4.6263 56.492 4.6263 15.923 2.1252 25.58
4.0494 48.912 4.0494 14.347 1.8761 39.52
3.5516 51.243 3.5516 14.225 1.6584 34.307
3.1159 49,138 31159 13.858 112154 38.089
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YUIAINIUVDS Co/O, Co/AO_700 1y Co/AO_800

Co/O Co/AO_700 Co/AO_800
r [nm] AVp/Ar, r,[nm] AVp/Ar, r [nm] AVp/Ar,
[cm3/ g] [cm3/ g] [cm3/ g]

2.7364 47.931 2.7364 16.322
2.4099 49.451 2.4099 21.604
2.1252 40.073 2.1252 10.31

1.8761 44048 1.8761 21.872
1.6584 37.598 1.6584 17.378
1.2154 36.271 1.2154 24.478
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#1981 | Peak number | Temperature at Maximum (°C) Area Peak Height

0o 1 28.1 0.00071 0.00160
2 28.7 0.01542 0.04332

3 29.6 0.01487 0.04223

4 29.7 0.00067 0.00427

5 29.8 0.01520 0.04248

6 29.9 0.00064 0.00378

7 30.0 0.01513 0.04233

AO_800 1 29.6 0.00012 0.00147
2 29.4 0.00252 0.00586

3 29.5 0.00073 0.00184

4 29.3 0.00207 0.00465

5 29.5 0.00044 0.00176

6 29.6 0.00026 0.00127

7 29.6 0.00222 0.00499

8 29.4 0.00040 0.00145

9 29.3 0.00024 0.00120

10 29.2 0.00239 0.00548

11 29.6 0.00064 0.00145

12 29.5 0.00256 0.00591

13 294 0.00037 0.00174

14 29.5 0.00023 0.00114

15 29.5 0.00256 0.00610

16 29.5 0.00059 0.00134

17 29.7 0.00261 0.00624

18 29.6 0.00023 0.00067

19 29.5 0.00281 0.00661

20 293 0.00032 0.00148

21 29.5 0.00296 0.00661
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#9819 Peak Temperature at Maximum (°C) Area Peak Height
number
.AO_800 22 29.5 0.00034 0.00161
23 29.5 0.00020 0.00100
24 29.6 0.00277 0.00656
25 29.4 0.00034 0.00122
26 29.3 0.00020 0.00100
27 29.5 0.00273 0.00655
Co/O 1 30.5 0.00071 0.00204
2 30.5 0.00106 0.00302
3 30.7 0.00151 0.00424
4 30.7 0.00190 0.00532
5 30.7 0.00206 0.00580
6 30.5 0.00221 0.00614
7 304 0.00231 0.00636
8 30.4 0.00235 0.00653
9 30.3 0.00242 0.00661
10 30.3 0.00244 0.00664
Co/AO_700 1 32.8 0.00035 0.00083
2 32.1 0.00063 0.00159
3 313 0.00138 0.00349
4 31.7 0.00182 0.00457
5 31.6 0.00192 0.00484
6 31.1 0.00198 0.00496
7 31.3 0.00218 0.00549
8 30.8 0.00207 0.00518
9 314 0.00237 0.00589
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A981 Peak number Temperature at Maximum (°C) Area Peak Height
Co/AO_800 1 31.9 0:00013 0.00125
2 31.6 0.00037 0.00081
3 30.5 0.00012 0.00030
4 30.4 0.00010 0.00111
5 30.3 0.00010 0.00132
6 30.2 0.00072 0.00163
7 30.3 0.00115 0.00283
8 30.3 0.00139 0.00368
9 30.2 0.00139 0.00416
10 30.3 0.00154 0.00458
11 30.3 0.00164 0.00486
12 30.1 0.00173 0.00505
13 30.1 0.00176 0.00519
14 304 0.00176 0.00527
15 30.3 0.00183 0.00537
16 30.2 0.00182 0.00537
C 1 30.8 0.00244 0.00618
2 31.0 0.00010 0.00030
3 30.6 0.00234 0.00591
4 30.1 0.00010 0.00030
5 30.3 0.00240 0.00614
6 31.0 0.00011 0.00030
7 30.8 0.00263 0.00641
8 31.0 0.00246 0.00636
9 31.1 0.00191 0.00569
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PR Peak number Temperature at Maximum (°C) Area Peak Height
AC 800 1 30.2 0.00028 0.00044
2 29.3 0.00051 0.00126
3 29.6 0.00097 0.00248
4 29.8 0.00129 0.00339
5 30.3 0.00152 0.00404
6 30.5 0.00167 0.00442
7 30.5 0.00177 0.00470
8 30.5 0.00183 0.00488
9 30.1 0.00169 0.00448
10 29.7 0.00173 0.00459
11 29.6 0.00183 0.00473
Co/C 1 30.5 0.00128 0.00333
2 30.5 0.00173 0.00444
3 30.5 0.00223 0.00567
4 30.5 0.00253 0.00646
5 30.7 0.00269 0.00690
6 30.5 0.00291 0.00732
7 30.3 0.00294 0.00746
8 30.5 0.00297 0.00756
9 304 0.00305 0.00772
10 30.4 0.00303 0.00764
Co/AC_700 1 33.1 0.00033 0.00085
2 315 0.00058 0.00153
3 315 0.00109 0.00282
4 30.8 0.00133 0.00339
5 31.2 0.00176 0.00447
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§10819 Peak number Temperature at Maximum (°C) Area Peak Height
Co/AC_700 6 314 0.00176 0.00447
7 31.0 0.00204 0.00519
8 31.0 0.00199 0.00502
9 31.1 0.00209 0.00526
10 31.0 0.00209 0.00524
Co/AC_800 1 35.6 0.00058 0.00119
2 33.2 0.00092 0.00215
3 325 0.00123 0.00318
4 32.8 0.00148 £ 0.00398
5 331 0.00168 0.00452
6 328 0.00177 0.00488
i 312 0.00189 0.00512
8 30.7 0.00195 0.00529
9 30.9 0.00202 0.00544
10 30.8 0.00204 0.00548






