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Abstract

A Pd/ZnO sample prepared by the polygonal barrel-sputtering method was tested for the performance in
methanol steam reforming in comparison with a similar sample from a conventional wet process.
Transmission electron microscopy (TEM) showed that sputtering produced smaller and more uniformly
sized Pd nano-particles than the wet process. Steam reforming of methanol was conducted by supplying a
gaseous mixture of methanol + H,O + Ar. In the experiment with the polygonal barrel-sputtering method,
H, generation started at a lower temperature (80 °C) than that for the wet process (100 °C). In addition,
H,0 was scarcely consumed at both of the samples when H, was generated at < 100 °C. These results
suggested that the sputtering preparation allowed direct decomposition of methanol to occur easily at less
than 100 °C, as supported by the observed relationship between the CO/CO, generation ratio and the
reaction temperature. It should be noted that the smaller Pd particle sizes for the sputtering method were

maintained at reaction temperatures up to 150 °C.
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BMEREDSIHE SV TVD[1-5], T b OffiiE, —RAICERIEICRE SN D U = v METHE
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Z5[6], TAUISIET A NEEOBNCENR Y | R A X ) — VEERISE L,
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2.1 #AFOHE

Pd/ZnO #EHZE, ZnO 3K CEEIRIEE 70 nm, ™7 AA T v 7)) ZHEERICHWTHB L=, ZnO
MRITASIZ L DR OEEZB T2, RIS 180°C THEME L 72[10,12], 2/ /SLIL ARy
2 ZIEC L DREIOFRE, Pd B (50 mm x 100 mm) & % —7%7 > MZHWTLATFO X 51247
ST2[7-12], 3.0 gD ZnO B REZHA LT 8 N LI EELEF ¥ L R—THRBEL, n—& J—K
7 OMPEOR TRV TEZEY R Lz, EAN 8 x 107 Pa LUTFICEL-%, Ar A (i
99.999 %) %&F ¥ L /N—WNIZE A L, RF tH77: 100 W, Ar # A[£: 0.8 Pa, =iRDSMT 35 43 A
Ry B T aiTole, ZORE, ZnO Ky RAZEA LT 8 /3L viX, HRiE: 75°0 JAH: 14.6 B/
TIRY FEMES 72, ZOBRIEICEY . ZnO HiRIFHHEIN D721 Tl <, SRR b —IRKL
%«@%@%E:éoxﬂy&uyﬁﬁJ%ﬁx(%Eﬂwm%)%éw%%yﬂwmzﬁﬂb
KREEICR LU THOREZEY Lz, 723, 20k Pd BRI, BICHRR555EBE 7T
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D,

2.2 RO
RO Pd HEFFE I O Pd ZiRIERRICEMR L. £ OAREHZ ICP-AES (Optima
7300DV, PerkinElmer) TH#rd 25 Z & TRz, FHREE OB Z2WEIL, EiRE 1 BT
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TlX. H, * CO, * CO M HIZ Activated carbon (NEE: 3 mm., £ &:2m. &EH/ERT) . CH;0H -
H,O FHIZ GaskuroPack 54 (N 3 mm, £ &:3 m. BHEEWEF) 2074 LTHEHAL, 17 A
IR &R AR L, 224 150C, 170°CICRRE LTz, £, ¥ U T HRITHWE Ar T A
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X% ZnO HYK 12 Pd F /K770 Figure 1 (I) Typical TEM images and (II) particle size
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Pd DRI % W% & (BS)-PA/ZnO OFL113HI 1~6 nm (25347 LTV D DTk L, (IW)-Pd/ZnO
DHARIEK 1~12 nm EMEJAV, F£72. (BS)-PA/ZnO OFEHRIAEIE 2.4 nm TH Y . (IW)-Pd/ZnO (3.8
nm) O 2B HFTHDH, TNHORERNS, BIRTHMAGERZMNLILA Ry Z Y v 7k,
B)—, HOWM7Z2 Pd /K F 2 @m0 CE L FRIETH DL 2 &1 bh D,

3.2 XH kAL
AR ) — VKRR EI T FIZD)RUHE - TR Z D[2-5], F72. A HX J — VEBESRGQR) M E
Z 0. BED ERIZHES TRk

Iz
G095 BUOGTRIE b STV 5[3],

CH;0H + H,0 — 3H, + CO, 1))
CH;0H — 2H, + CO ()
CO +H,0 — H, +CO, 3)

IO DGR E IIZ CH;OH 5z X 7 ) — LKA RSEE RS TR O A7~ 7T
7T —=2 @A nERDT,

CH;O0H #5143 (%) = (CH;0H YHEE /L 40)/( CH;0H b5 E /L) x 100 (4)

3 B A7z CH;0H OHA#ER & FOSRE O BIfR 2 X 2(A)NZ R, T ORKIZ/RT CH;0H $i{bE3RIE, W
THOREIZIBVTH(BS)-PA/ZnO D FNRKEV, F£72, (BS)-PA/ZnO 12V THA(EFEDY 100%IZ
BT HIEEIL 260CTH Y . (IW)-Pd/ZnO TH S 47= 280°C L 0 20°CIEL Y,

—7 . RIGEKQ), BEUQHQ)DOREE TIZ, WTNd 1 mol DAZ /—/LE 1 mol D H0 25
3mol DH,WAELD, ZDOZ b, HHIELE H0 OHERITIXG). 0O)EVRDDHZENTE

25
Hy IR (%) = (Hy ZER%E /L E0)/(CH;0H 546 E /1550 x 1/3 x 100 (5)
H,O T (%) = (H,0 {HEE /L 30/(H0 G5 /L 50) x 100 (6)

G DLz Hy IR & ROSREOREFRZ X 2B RT, ZORIZEW T, 200°CLL EDEE
fEIk D H, IR IL(IW)-PA/ZnO D RE, O, (6)X 6 H0 MEREZRD D &, K 200
AT LI, EVZLDKMPAW)-PA/ZnO ETHESND, b OFEFRIL, 200°CLL EOIRFEH
BIZBNT, (D). ®DWIEG)AAW)-PA/ZnO ETRZ W B2 & 2R,

—J7. 100°CLL F O Z YRS 5 & (BS)-PAd/ZnO Tix 80°CHHAKRFEMNERT B DITH L,
(IW)-Pd/ZnO TiE 100°CE TKRFIFAER L2V (K2BEAKZR)  £72. 2 OWRERHEBOKSE
AR EIX(BS)-Pd/ZnO D F R\, S5, K2C)E RS E, WTFROREHZBWTE 100°CLLTF
T HO XFEAEHESNR, ZUHORERND, 100°CLL T TSI R T A X ) —L
DEBEDHENELZ D EEZ BN, ZOGIE (BS)-PAd/ZnO ETERZ W B EHEI SN,
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CO ERR (%) = (CO “ERE /L H0)/(CH,OH G E 150 x 100 (7)
CO AR (%) = (CO, AERE /LER)/(CH;OH iEf5-E145) < 100 8

3(A)E(AW)-Pd/ZnO @ CO, B LT CO, DAEMFE & ISR EORFRE ~T, ZORIZIHWT,
CO 1 140CHBAER LIED 5, Z OIRFEIXX 2B)I/RT Hy ARBRIGIEE I . QXD A Z
—VOEESIRNBEZ > TWDZ L2 31FT 5, £72, K 3(A)TiE, CO ERFEN 180CH1 LK T
T HDIZfFEN, COy 3 160 CHBAERKT D, ZHHLDFERNG, 180 CLL ETIX(HA, BLTVQ3)
KALEICEZ 52 E2 5N 5,

(BS)-Pd/ZnO T3 H A7 AE ST 3BT R T 25, CO Apks & i D BIfRIZIX 3(ANZFEELT 5,
L7 L, (BS)-Pd/ZnO TH 5115 CO ERERIZAW)-PA/ZnO L VB LMMZKE W, 2, ZOKIZ
BT, CO AERHEIT 2000C E THIM L2V, ZAUH DR D, 200°C K 0 RV IR Ik C ARk
THABITEICQRD A X /) —LVOEHESRICHET S LS 2. QRNRBS)-PY/Zn0 ETEZ Y
eI K 2 OFERIHAT D, 7B, 2000CLLETIX, IW)-Pd/ZnO L [AIERIZ, CO ARKHED
WA CO, ERRRENT 5, ZOREEN S (BS)-PA/ZnO (2B T(1), D WIEG)RX K
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Figure 3 CO and CO, generation ratios for methanol steam reforming reaction on Pd/ZnO catalysts as a

function of reaction temperature.

512, BUSEOFEF O Pd RO F-ERER%Z TEM JIE TR -7 (F 1) . TORE,
(IW)-Pd/ZnO #EHT 280°COIGE . EHRIBIIRE S B L TW A o7z, Ziaxf L,
(BS)-Pd/ZnO [ZBI L CTlE, 200°C TR DOHEEMMBFRD LT DD, Z LT OIRE O kL
RIIBIGAT E FRIETH -T2,

Table 1 Relationship between methanol steam reforming temperatures and average
sizes of Pd particles in Pd/ZnO catalysts.

Sample Reaction temperature / °C Average Pd particle size"” / nm
(IW)-Pd/ZnO Before 3.8
280 4.4
(BS)-Pd/ZnO Before 2.4
150 2.3
200 3.2

1) These data were estimated by averaging the sizes of more than 100 randomly
chosen particles from TEM images.

Z 2T, TEM JERFEZILIC, Hy ARFENIC KF T RTEOEELZ T L7, Pd &ET kL
FHERIK L AET D & Pd KD R (S: mYg) IZLFORNHRD D Z LN TE B[13-15],

S = 6000/pd )
ZIT, pldPAdDOEE (gem’) | dITFHIRIE (hm) 2FT, T TEMHIE» &SN

Pd OEIRIEE, 38 L OBISIZHH L723EH 1> Pd 8725 Pd OREREZ RO, X2 O Hy RO
777 EBIE LT, Lin L, WAABORRIT B L Aad o7, ZHud, Hy EREEiCx L, £
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A & TR D BERNBEEST L L2 RT, LITBRRTEXOIT, ZANLALARYy XY U TIET
PHEF SAU72 Pd T KL 7300 TR — 2 b 2 A7 L, Z ORIET 150°C DO JUSRE £ THEFF S 11 5,
ZHH DRI G . Pd ORI ZRRIAEDS 150°CEL N D Hy AR ENCB G-+ 2 L HERI S D, 2oz
EEONITHOIIE, SORIMHPRETH D,

4. ¥
ARFTETIH AN LIV ARy &2 Y o 7T L7z PA/ZnO fililED 2 2 ) — VKRS Rt
POCRIECHB LR iR LT, BONTREEZUTICE LD S,

(1) FHRGLEID TEM BIERE RN S, A8y Z Y v 7 &7z Pd 13 Zn0 K ETF 2 R+ &2 Tk
L. REITPEREREI L O i T —Th o Z L b o7,

(2) NV ANy 2 Y o ZIETR L IZRBI O A 2 ) — LV RIRRUCE Tl Hy 28 80°C A b A
B L. 100CEA T O Hy AR EIEE RIEFRGEL L 0 2572, F72, 1000CLAF Tl H0 13x &
A EWE SN o, TRHORERNS | KIRMEK TR Z 2 2 ¥ /) — VOB RIS f
WLV ANy 2 Y v THBEEI TR HneEZ bhD,

(3) CO, BLV CO, AR LREDORRIX, Eit LA IKIEER T A ¥ ) — VOB FRGH
FZ W BNEMAN LIV Ay B v T TR ORI L AT 5,

(4) LAy B Y v TIRREREHZ B\ T Pd ORI 7RI 150°C O RIGIRE & CHERT
S,
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