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Correlation of Activity and Size of Pt Nanoparticles for Methanol
Steam Reforming over Pt/y-Al,O3; Catalysts
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Abstract y-Al,O3; supported size controlled platinum nanoparticle catalysts synthesized by reduction of
H,PtClg solution with nitromethane at room temperature have been investigated for steam reforming of
methanol as a reaction probe. Experimental results indicated that the activities and selectivities of the
Pt/y-Al,O3 catalysts are dependent on size of Pt nanoparticles. The catalysts were characterized by transmis-
sion electron microscopy, X-ray diffraction and temperature programmed reduction. The results of charac-
terization and catalytic reaction confirmed the size dependence of Pt nanoparticles for methanol reforming.
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Figurel TEM images of Pt nanoparticles at different pH conditions
(a) pH=38, (b) pH=10, (c) pH=13 and (d) SAED pattern of the Pt nanoparticles (pH 13)
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Figure 3 TEM images of Pt/Al,O; cataysts deposited with
different diameter Pt nanoparticles

(a) pH=8, (b) pH=10, (c) pH=13 and (d) SAED pattern of the PYAI,O3 (pH=13)
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Figure5 XRD patterns of Pt/y-Al,O3 prepared at different pH

(& Fresh Pt/y-Al, O3 (pH=28); (b) fresh Pt/y-Al,03 (pH=10); (c) fresh
Pt/y-Al,O3 (pH=13); (d) Pt/y-Al,O3 pH=28) after calcined and H, reduction;
(e) Pt/y-Al,0O3 (pH=10) after calcined and H, reduction; (f) Pt/y-Al,Os; (pH=
13) after calcined and H, reduction
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Figure 6 Effect of temperature on methanol conversion over
Pt/y-Al,O3 prepared at different reduction pH values
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Tablel TOFsof different Pt/y-Al,O3 catalysts for steam reforming of methanol

Catalysts R(H,)  R(CO) R(CO,) TOF¥s?t TOF/s ! TOFYs ! SCO) SCO,) YH,)
Pt/y-Al, 05 16 8 3 14.1 2.52 6.8 74.8 25.2 322
Pt/y-Al,05° 22 14 5 19.5 4.04 12.1 731 26.9 405
Pt/y-Al, 05 40 13 28 350.6 24.9 11.8 321 67.9 50.3

3 Reaction temperature 400 ‘C, R: rate of production pmols(mineg-cat) %, S selectivity; ® pH=8; ¢ pH=10; ¢ pH=13; © turnover frequency for the H, production;

" turnover frequency for the CO, production; ¢ turnover frequency for the CO production

AR AR 1) A A 2

R LRATATE W, ER-—EE T, AR Pt
KRLF I pH 3, MEALFIXT Hy Rl CO, i 4k b 2 1Y
I, M CO Bk AE pH KT 10 J&, &# ~ %, 1M CO,
IEREIETH . IX B RHE AT 482K PR 1) R A AMY
YE T ALRIRISEE, T FLde g TR M i R
P, Grant 259 k¢ PYLL0)THT b FF I Jsg J3v 7] A ik R 48
SErhaE, I3l CO,, TMAE PH(111)F1 Pt(100)H -
BEANA: Jl AR T A, 45 % CO Al Hy. 2 BT
SCRIAK Pt BRI AT Y, B UCRIER P
YK IIORE ) pH BN G2 T 75 38 1) 46 4 oK
RL RUSE, TR AR 8 T 4 e 0 K URE [ A0 6 ot T B
. VE—MIESE, M pH 13 £c/F R ik 5521140k Pt
FIURL S A5 1) Ply-AlLOg TS B S m i 45 58] W 4l
(17 110 TATHSHE.

Takezawa “5POF 5T T R K 26/ T B0 A i AL
RS VIR St SR AL TERE, KB R AL CO,

PR i, TAE VI RSt Jﬁfﬁﬂmi CO ik FEtE
IR, COL KEFEVEARAR. HREAEH I AL FRIFIEE VI T
St AR R N B R, A T RO )
FRASA]. NS S A PYC AL _E S 4% I (1) i
17, M{E P-Zn/C % /8 5 N (2)E4T. 78 I V(1) i T
CO, JE A T W (2) ' HCOOCH; Al HCOOH Hh ] 44,
K1 HCHO 4} fift il CO, CO, ik PEARAE. 76 M (2)H
HCOOCH; fl HCOOH Hh i) 4 43 fif 4= ik CO,, CO, ik FEME:

-H, -H, +H,0O

CH30H HCHO CcO H, CO;, (1)
-H» +H,0 -Hy

CH4OH HCHO 5=~ HCOOH co, 2)

-H2 +H20
+CH30H -CH;0H
HCOOCH,3

IEAITTSCHTIR, SR 5 P pH AE A R AT 75 21 (10 4 4k
FMHE AL FF /K 28 R A PR S R PR A AN AH [R]85 P
48 A K BIURL I 1) pH B AN A0 7035 14 A 55 254,
1M HAF Hy, CO M COEEENE A M. A RE— LA

AT BT AT RO R R, 2828 0 1 2% 79 31 1) fi Ak
P &K Z e = b v, FRgbAT AL PR VEOY, 13

B 7 FroR. RIVKDERT S AL GE, pH b
10 (R HEAL ) Ho B PER i s, CO k8RS pH Ft+
MM T B, T CO, Ik FEVERE pH 14 0T iz 85 71,
BT SCAS A FE AL FRATTHEDN pH 4 10 FIfEALF]
Ha (3 P PE A BT i) SR A2 NaOH LTI Ho 1)
IR AT — e . (H L AT AR COo Al
CO L FEE 1) 22 e A2 e AR Z 1) P4 4K ok I R 2
FYER. BB 8 I E tHKBE G Hp, CO Rl CO, A il %
BB, AEEAAR RS R LARRL, FRATTHED s 5
ET A 2 UoKTE RS, 3T y-AlLOs FIF Pt 44
KR A DR, AT RS TUE 2 T NaOH, JLifit)
JE R FAT) H HTIEANE 2E

100
90

*
80 A
701 0\
60
N ><%
*

=

2z

s sof

2

2 40}
30k " —— CO
20F —=— CO,
o " —— H,
0 1 1 1
7 9 11 13

pH

Bl 7 JK¥b)a PUy-AlOs K T B FEIE
Figure 7 Selectivities of steam reforming of methanol over
Pt/y-Al,O5 after washing with water
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