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Abstract — In order to improve the efficiency of methane steam reforming process, a part of the system which pro-
duces hydrogen from heavy hydrocarbon resources such as coal, we combined metal catalyst with CaO sorbent and fab-
ricated catalyst/sorbent. To increase the porosity and the compressive strength of sorbent, carbon black and a-alumina
were mixed with CaO powder during preparation. The effects of sorbent composition on the physical properties were
investigated by SEM, TGA, BET, XRD, abrasion strength measuring device and adsorption-desorption instrument. Sor-
bent with 5 wt% Al,O; and 10 wt % carbon black showed the best physical features with 7.61 kg, strength and 47%
CO, adsorption capability. Various metal catalysts such as Ni, Co and Fe were supported on the sorbent developed and
10 wt% Ni/sorbent was selected for methane steam reforming process based on the result of reaction experiment. The
reaction system using the catalyst/sorbent showed better H, productivity compared to the detached system with catalyst
and sorbent, indicating the effectiveness of the system developed in this study.

Key words: Methane-Steam Reforming, Catalysts/Sorbent, CO, Adsorption

*To whom correspondence should be addressed.
E-mail: chung@kier.re.kr

307

(ZECA)9] &%

St gl Xa‘t&%oﬂ/ﬂ

AREE 7 Qlo], W2 Ate] dido] AL ik
Table 13} Zo] o] ¥kgo] FAo] o]

U= Aoz o] Qrh13),

9] uke-Eo] oIl
H](S/C EH]; WHEE
SJate] A==
STt T,
S} 4]

jsiel] .zﬂzsig:)\é% ok

SIS, FEIR: 2
I
Aoz ﬁgwa%ow HZEP c094 e
= 37}

o



308 85 -84 -

Table 1. Chemical reactions of methane steam reforming process

No.  Reaction AH, 45 (kJ/mol)
1 CH,+H,0=CO+3H, +206.1
2 CO+H,0=CO,+H, —41.15
3 CH, +2H,0=CO, + 4H, +165.0
4 CH,+ CO,=2CO +2H, +247.3
5 CH, +3C0,=4CO +2H,0 +330.0
6  CH,=C+2H, +74.82
7 2CO0=C+CO, -1733
8 CO+H,=C+H,0 -131.3
9 CO, +2H,=C+2H,0 -90.13
10 CO,+2CO=3C+2H,0 -187.6
11 CH,+CO,=2C+2H,0 -15.30
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Fig. 1. Experimental setup.
1. MFC(mass flow controller) 6. GC
2. Pressure transducer 7. Vent
3. Bed reactor 8. Reactor for vaporization of water
4. Temperature controller
5. A: Metal filter
B: Ice cold trap of water
C: Ice cold trap of moisture
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Table 2. The physical properties of CaO sorbents with different concentrations of AL,O; and carbon black

No Additive Total pore Ave.rage BET surface area Compressive Abrasion Afisorption
AL, O;(%) Carbon black (%) volume (cc/g) pore size (A) (m%/g) strength (kgg)  strength (%) capability (750 °C)
1 5 1 1.05 x 107 72.64 0.58 9.28 66.7 237
2 5 5 1.06 x 107 76.50 0.56 833 66.3 27.8
3 5 10 211 x 1072 2254 2.25 7.61 531 478
4 10 1 1.13 <1073 8091 0.56 8.81 753 223
5 10 5 1.10 x 107 6221 0.71 8.74 723 248
6 10 10 128 x 107 72.35 0.71 8.03 67.4 27.2
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Fig. 3. Adsorption capability of sorbents exposed to a gas stream con-
taining 50% CO,/N, at 750 °C.

W3 7P 3Zolr). Ca0 BHL 82%, thE IS AMgaElA] ok
7578t CaO pellet 60%2] F235-2 UERNITE A8 32 CaO
] AN A ER1 47%2) FAA S-S HERISITE o714 A= 39
CO, 2457} Ca0 pelletth 571 € A& & 4= =t o]
FAEG | 7P F JEE vAE v 71 Re] 2717
CaO-pellet < A% 3 < CaO +'Z oA E F7181917] wiEolt).
Fig. 4= A& 390 tslo] TGA S 28-S 208] a3 A3}
ot} 7)ol 47.8%2] 23S B0 1454 Alo]FelA
oF 397} ZHA3lo] 45% HES] FEAA TS HYloH o]F A48
aedto] 20017 Aol Fol M= 43% AR FHASS VeI

40

30

20

Conversion (%)

0 T T T T
0 1000 2000 3000 4000

Time (min)

Fig. 4. Results of repeated loading and regeneration of sample 3.
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Table 3. The physical properties of the catalyst/sorbents with different metal catalysts

Sample Sample Surface area Pore size Compressive strength Abrasion strength ~ Adsorption capability (%)
No. name (m%/g) A) (kgp) (%) (750 °C)
3 sorbent 2.14 2254 7.61 53.13 47.8
7 Ni/sorbent 1.04 227.1 6.82 43.57 393
8 Co/sorbent 0.818 1534 7.72 47.25 239
9 Fe/sorbent 1.63 2452 721 44.55 451
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