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Hydrogen Production by steam reforming of methane over Ni catalysts supported
on perovskite-type oxides

Kohei URASAKI™!

ABSTRACT : Steam reforming of methane over nickel catalysts supported on a variety of
perovskite-type oxides, including LaAlOs;, SrTiO;, BaTiO;, LaFeO; and Lag4Bag¢Fey2C00 30525
were performed at 1073 K and 0.1 MPa. Ni/LaAlO; and Ni/SrTiO; showed high catalytic activities.
Temperature-programmed reduction measurements confirmed that the lattice oxygen in perovskites
was released by the reduction with hydrogen and partially recovered by steam during the steam
reforming reaction. It was found that all of recovered lattice oxygen could oxidize methane to give
carbon monoxide and carbon dioxide. We consider that the lattice oxygen participates in the

oxidation of CHx fragments adsorbed on metallic Ni, leading to the suppression of the formation of

inactive carbonaceous species which cause catalyst deactivation.

Keywords : Steam reforming, Catalyst, Nickel, Perovskite, Hydrogen

1. [FL®HIC
KFEL, ToEoTHRE ok 2A0F MRS 1t X
R, %< OEEICBWTHERME THY, TEN
2%, RRHF A, LPG, T 7HEORLKTFE R & % FE
ELUTTRSNADRE[IBERIGIC L0 EE D,
CH,+H,0 2 CO+H,0  AH%g5¢ =206 kJ mol™!
C,Hp, + nH,O 2 nCO + (m/2 + n)H,
KEREARIETH D120, 1073 K FBEOIEF IZEm W
FOGEENBETH Y, TEMICIE, WEMECER:
a-ALO; 72 EOHAKRIZ, Ni ZHHEF Lot v 5T
W5 BALAKE DR ERUE R & 5 K FRIERIT,
1930 AE4RIZIL T A U # @ Standard Oil of New Jersey TK
SRA AN D OKFEREE & U CRANZEEDMES LD 72
E, W BIFEBEN TR TR Y, TEMITITBE
CRERENEETHD L LEDND |,
"R BR RS EE TS B A B AR

(urasaki@st.seikei.ac.jp)
Assistant Processor, Dept. of Materials and Life Science

(Received September 25, 2008)

FO—FHTIHERBPED LN TWD, BEREDTE
PREFE K EBLE 7 1 A RAEKE DO KRR RE K
Ihm AW D5EE, EEO/NMUERROHNDLZ LR, T
¥ ATERD bR, HEREDELEZESRE
VERRIF 2SR D i, FORER & L CTiEsko T
LLEIC @O TEYE, iR SE AT 22 eV 2 A3 2 Al 3 87 72
[CRABE L2 ) SRR A FT KR SR E S F At o>
BRI TS,

ORI BRRIOT, FE HITLE, @iEtEDRE
Mrit 230 L W2 EME %2 b0 Ni it oBR¥E 2 Bis L,
FRIZHEDFRIZOWTHER L, ZThETICRER DDA
W, BFER e T A0 A M) A A S LT Ni il
DNTRFT L TE Tz, ek, 2 ¥ v OKEKKERIET
i, BB NI BNEERTHY, Fig 1@IIRTLIE, &
JB Ni _EIZ A X D3 iR 25 U CAR L7 CHx e 8
Ni L&D WA ECEM IRk s T+ ERIGL T,
CO BAEKRTAHZ ERMBLNLTND, —FFTEE LK
METoTEXuT7 A b A NI ERIKE L2



A, HHBEOa T AHA NI OFIZIE, PEE
BT, fEREEMER LT E, BhhomkET
=Fr (BBTEEFR) &L CBRELEZERT DL
MNTEXDHHONRHY, Fig. IOITRT LI, Z0Xar
A1 A MREF O EFR A, &8 Ni Lo CHx O
LB L UM HRFZEOBLREICHATZZ LT, HED
[ b 5 W R AT E O B IRETE B 24,
F72, CHx O HRFEOBRIICFA S, ~a7 2%
A MEERN S KON A TR LK OHAET DA
ZIVISERT AR, BRI O TSR & SIS
FIATE 2, 20X aTAhA MAROHRIT,
A Y VKRBEREERISUIMNC S, S FTH =10k
Ny DRBEREE SRR A7 MG EIT
WHTEDZ L ZFEHLITRAME LTS 7R, KT,
TEOEFEZREORaT AR A NEbE AWz A 2 K
ERGE MBI DN TOFFERRIZ SN TRENT D,

2. AR UKEKKEREIZHITS Ni/perovskite
s D EME & TR BT E R E OB

T AGA NERIEEE LT, 7 R RE
A THARL L 72 LaAlO;, LaFeOs, Lag 4BaggFey,C00505.
B OEMBIEIC TR L7z SITios, BaTio; VY, &%
EIZE Y, Ni % 10 wt%Bff Lo 2 38 L, FEER
WIETEER R GEEE 2 AV, USIRE 1073 K, K/A &V
Et 2 mol mol! D4 T A & L KKK MER)IGZIT -7
Ni/perovskite fitiitds L OB RAIZ Ni/a-ALO; & Wz &
DR B LR OKRE(LE Fig. 2 1R T, 7238, Al
ALER & U T RSENT KRS T 1073 K T 1 REHER AL
EATolz, MERICL s TRESWHBEENEARY,
LaAlO; X SITiO; # AW 4, Z2RAICH WL
Ni/ a-ALO; it L 1 FIETRBRE DVEM AR Z L3 bh o
7= —J7C, LaFeOs ITTEMMNE L, Lag4Bag¢Fep.Coo505.5
B LU BaTio; TIXIT E A ETEHERI Do T,

WIZEWIEMEZ 7R L7z Ni/ LaAlO; 38 KT8 Ni/ a-AlLOs
ERWT, K/AZHE LICTY, REFHOEZ D
TG TIEMERBR 2TV, MHRENT R EE OB 2
1T-72, #3% Fig. 3 1Z7”"7, Ni/LaAlO; TlX, KUGBA
% 24 WRERRGE L C O HIENEMZ R > TV e DIzkf L,
Ni/ 0-ALO; TiE, REFHBRRE & &2 5N HIEHEET
MNEOI, A& ERERNFAD LT,

CO,CO,  CO,CO,

CH,
\ f H,0 f /CH4

CH, “~g* CH,
— 7o \o/|

(b)

CO,CO,—CHx H,

H,O

0202 02_02— 02—0202—

0%-0*0%

perovskite

Fig. 1 Reaction scheme of methane steam
reforming over nickel catalysts supported on
alumina and perovskite-type oxides.

100
ER=R=m=E=s=gca=s=s
80 —
X
560 |-
o
>
g
0Q40 -
= e® o g®e0o®e°
@}
20 —
0 i s eﬁ
0 1 2 3 4 5 6

Time on stream / hour

Fig. 2 Catalytic activities of supported Ni
catalysts.

Catalyst; (O) Ni/LaAlO;, (M) Ni/SrTi0; (@)
Ni/LaFeO;, (A) Ni/BaTiO; (W) Ni/LBCF, ()

Ni/ - -Al,0,. Reaction conditions: temperature,
1073 K; molar H,0/CH, ratio, 2; W/F, 1.58 ghmol™".
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Fig. 3 Stabilitiesof Ni/ - -Al,0,and Ni/LaAlO,.
Reaction conditions: temperature, 1073 K; molar
H,0/CH, ratio, 1; W/F, 1.58 g hmol™". Catalyst;
(O) Ni/LaAlO;, (@) Ni/ - -Al,0,.
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Fig. 4 Temperature programmed oxidation for (a)
Ni/LaAlO; and (b) Ni/ - -Al,0; after reaction for

24 h.
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Fig. 5 TPRusing TG for (a)used catalysts and (b)
fresh catalysts. Catalyst; Ni/SrTi0O;. Reaction

conditions, 1073 K: molar H,0/CH,ratio, 2.
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Fig. 6 Amounts of consumed lattice oxygen.
Reaction conditions, 923 K; molar H,0/CH,ratio, 2.
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Table 1 Amounts of consumed lattice oxygen in
perovskites.

Catalyst Consumed lattice oxygen AW ?
/ mg g-cat”! / mg g-cat™

Ni/LaAlOs 7.4 8.4

Ni/SrTiO; 12.1 14.5

Ni/BaTiO; 23.5 22.3

*Amounts of lattice oxygen released from catalysts used
after reaction at 923 K during TPR experiment.
Reaction conditions; 923 K; molar H,O/CHy ratio, 2.
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Fig. 7 Proposed reaction mechanism for steam
reforming of methane over Ni/perovskite.
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