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In this study, steam reforming reaction and surface characteristics of Ni metal foam plate were investigated. Valence state
of Ni could be changed by pretreatment, and metallic Ni species exposed on surface as a active site play important role in
steam reforming reaction. Porous catalytic membrane also was prepared by mixing of Ni metal foam plate and Ni-YSZ catalyst
to control the pore size and assign the catalytic function in Ni metal foam plate. In SEM analysis results, Pore size of Ni
metal foam plate could be controlled and Ni-YSZ catalyst well dispersed on surface. Ni based porous catalytic membrane had
a similar steam reforming activity regardless of space velocity.
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1. CH, gas 5. Water pump

9. Temperature controller
2.C0, gas 6. Deionized Water 10. Cold trap
3. Mass Flow Controller (MFC) 7. Furnace 11. Gas Chromatography (GC)

4.P G: 8. Module

12. Soap-bubble Flow Meter

Figure 1. Schematic diagram of experimental equipment.
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2.1. S0 M= g

571 N S22 H83t7] 918+ Ni-metal foam 2| 745
6~87] D FAE 1~3 mm=E ¢33 Ni-metal foam Z20|EES 0] 45
At 7] MAE S B2-E Ni (Sigma-Aldrich, <5 micro under)¥}
YSZ (Sigma-Aldrich, <10 nm)& &3] Az a}31th YSZ+ Ni
Al 71 0.5 wtnZ AlZzsil o, & deg Foko] £3sieiti12].

St 1&H metal foam ZH0|EE o] &3sto] 57] A S &
7 £, g5l v EEluhs AlxslRlth Metal foam E8|0]E
£ 27 AR, Ni-YSZ ol 22 0.5 g} 2.5 g= E3sto]
1578 MPa ©]i9] 83 g o2 7Jkek 3 950 CollA 2 h G
sty A zskedc.

AT AR EEEE 5] MERESS] tRFo R e
AMEE = Ni-CaALO, 2] FES] ICT 57-4 (NiO on a calcium aluminate
Al GA)E ARSIt

T

U H

2.2, MEAR| Y gy

$%Z7] /1A A3 4= Figure 10] ERA vk} o] gutzel 31
A% ZuukS717} obd 93 9] metal foam 27} F4E = Q=
Az Al AE Aot} gy} 9 Ao B2 En® 3¢ =
Aoz FYPAaL, AT YT AP wigy) AA el Ee
EH)7E 191 27004 ARS8k v UZ F90E FH
2 30 ~ 440 cc/min O % 30 FIHEE 3800 ~ 156622 h' 0.7 2%
Fom w-s7] gle el AA sSUSE AF=E ek Hadnksel 4
Q3 370 A BS FEE Tl FUste] 757 HAVIE
7AA 12400 C)8 FF71E Fwerlth e Mass Flow
Controller (MFC, MKS Co.)& 53l FU= oM, W3 & Zhod uk
S &3 PAELS TCDE AHE-EF GC (6890, HP)E Eslo] A ¥l
HES-9] H3-2 Aspen PlusE F3to] AXFE ST

2.3. XRD, SEM £

AZ2] HA772= PANalytical Co.2] X'Pert PRO MRDe] 25} &
2331t} Radiation source®E Cu Ka (A = 1.5056 A)7} ARE-E 0.
W, X-ray generator= 30 kWO]1L 26 10 ~ 90 °2] HE]ollA 6 °/min
9] FARG e oJste] S4Btk AE] W 57 Yl oju]X] 4l
JEOL Co.2] JSM-6500F°] &Jafod 413}tk

3. Zdup 3 E

3.1. Metal foam Z2[0|E2| £37| JIE IS S&

571 1A WS- metal foam ZH0|EQ] A W3S A
7] 91819] metal foam 8715 1 mmE @3 S 0| EQ} 48w
Ql ICI 57-4 FulE o]g3ste] 571 /A WS vlu ARIITH
A3 ZAL HEE2 15 650~800 CollA] S/C ratio 3 F7olA FHEE
= 31,304 ~ 156,622 h' 2 WHBA71EA £57] fd AgS S8s)
o] wgk AE&-S Figure 20 HERGITE 1 A7} -850l ICI
57-4 ZFu|9] A= LT} vhollel whel o] k= s
FRlsllom, 800 CollA 80%2] wigh Me&-S Yepfgict skAw
metal foam 8718 1 mm= Y53t ZHO|ES] A9+ TG} ot
Ao® Bl 3xtEEe] e sk UEREH] 99kom, 800
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Figure 2. The methane conversion on steam reforming over metal foam
plate and commercial catalyst (condition: S/C=3, Temp=800 T and
GHSV of 31,304 ~ 156,622 h™).
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Figure 3. The effect of pretreatment of metal foam plate for methane
conversion on steam reforming (condition: S/C=3, Temp=800 C and
GHSV of 31,304h™).

TolA 27%2] Azt vigh 18-85 JeRidch Ni A9 Full7) 5
=71 M Rbgel 71g #a] ARgEY AT I QIXINE £ At
AHEE metal foam EHOIES] HE T &4°] Ni n% Edl i ]

T2 Ak Aol o]]gt Ni metal foam ZHOJES] W& Aes
TP oS ERIsh] flskol AE] AlRte] w2 JS A ESE
t}h 800 CeollA 1 h F4E o]8-3te] HA2|¢t metal foam Z#0]EL]
HESAREe] wh2 vk €83 Figure 30 WERSItE A3 xde
FZHEIE 31304 b, W25 800 Colld it 1 A} ks
2ol oFFel S UERA] QRkAINE 4 h7h A §- wkg 2
°] 30% °’d TES Sl o]2]e metal foam EEo]E= W

[o}(ed

o

5ol =EHo] MY I7HA AlRte] dels Ae & = 9lom, o]
23t A9 Aol FEE vR= AR AAE 2ol FEFS
HhS S olvkar ghabEnh b I 31304 B, 9IRS 800
TollA metal foam ZENO|EQ] 4 AA7] 259} Al7HS Eske]
2739 S g1t o, 11 A= Figure 4¢] LERSITE 1
A3} 800 CollA] F4AE o] 83 US4 h2 * 2] 3 metal foam
Zo|EQ] wgk 382 WS Z7]0f] 30%2] Wg [AEES Ve
om, A Altell 2 FEE WS o 7 Uth ESE 950 TellA]

S

253 ®2=, 2014

100
—8— 1073K 1h
sl o RO 1073 K 2h
——-%—-— 1073 K 4h
‘\!, —-=A—- 1223K 1h
£ e
£
“
£
S 9
o
20
0
0

Reaction time, hr
Figure 4. Effect of the pretreatment conditions on steam reforming
reaction using metal foam plate (condition: S/C=3, Temp=800 C and
GHSV of 31,304h™).

Figure 5. SEM images of metal foam plate with after pretreatment and
reaction.
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Figure 6. XRD pattern of metal foam plate with after pretreatment and
reaction.

100

80 -

—8— ICI574 (38

@ YN{2g)+metal foam{2.5¢)

60 [ —a— YN(0.5g)+metal foam(2.5g)
W Metal foam

——— Equlibrium

40

(_JH4 conversion, %o

20

550 600 650 700 750 |00 850
Reaction temperature, °C

Figure 7. CHs conversion on steam reforming reaction using metal
foam plate with addition of Ni-YSZ catalyst.
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Figure 8. The effect of the space velocity of CHs conversion on steam
reforming reaction using metal foam plate with addition of Ni-YSZ
catalyst and commercial catalysts.
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Figure 9. SEM images of the Ni-YSZ and Ni-YSZ + metal foam
membranes. (a) Metal foam plate (1 mm 8ea) (b) Metal foam plate
(1 mm 8ea) with addition of Ni-YSZ catalyst.
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Figure 10. CH4 conversion with time on the stream over Ni-YSZ and
Ni-YSZ + metal foam membranes in steam reforming reaction
(condition: S/C=1, Temp=650 ‘C and GHSV of 3800 nh).
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