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Abstract — Pd based catalysts were prepared by impregnating palladium precursor using incipient wetness method on
TiO,, Al,Os, ZrO,, and SiO, and were applied for the selective oxidation of H, in the presence of CO. Their physico-
chemical properties were studied by X-ray diffraction (XRD), N,-sorption, temperature programmed desorption of CO
(CO-TPD) and (CO+H,0O)-TPD, temperature programmed reduction of CO (CO-TPR) and XPS a. The results of CO-
and (CO+H,0)-TPD showed the correlation between peak temperature of TPD and catalytic activities for H, and CO
conversion. The Pd/ZrO, catalyst exhibited the highest conversion of H,. The addition of H,O vapor promotes the con-
version of H, and CO by inducing easy desorption of CO and H, in the competitive adsorption of H,O, CO and H,.
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Fig. 1. XRD patterns of 1wt% Pd/support catalysts calcined at 400 °C
for 4 h; supports: (a) TiO,, (b) ALO;, (¢) ZrO,, and (d) SiO,.
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Fig. 2. (A) N, adsorption-desorption isotherms of 1wt% Pd sup-
ported catalysts calcined at 400 °C for 4 h and (B) pore-size
distribution based on desorption branch; supports: (a) TiO,,
(b) v-AL O3, (¢) ZrO,, and (d) SiO,.
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Table 1. BET surface area, average pore diameter and total pore volume of supports and 1wt% Pd supported catalysts calcined at 400 °C

Support 1wt% Pd/support
Catalyst ~ BET surface area  Average pore diameter ~ Total pore volume BET surface area Average pore diameter  Total pore volume
(m’ g (nm) (em’ g™ (m’ g (nm) (cm’ g™
TiO, 57 20.7 0.285 55 14.0 0.230
v-Al,O5 189 11.6 0.679 178 10.6 0.567
710, 284 7.2 0.540 246 6.8 0.428
Sio, 540 5.8 0.565 508 54 0.497

Korean Chem. Eng. Res., Vol. 55, No. 1, February, 2017



124 A2 - 7FsE - AAs
(A) (B)
- (a) - (a)
s =
< <
-« -«
- -
I I
H H
8” 100 200 300 400 500 8" 100 200 300 400 500
= ) < (b))
= =
= =
& £
w w
g W‘y/\\ g
= S N =
v,
T T ] T T { } ]
100 200 300 400 500 100 200 300 400 500
Temperature ("C) Temperature ("C)
©) (D)
_ @ _ @)
3 e
< <
3 3
Il I
§ o
~ T T T T o T T T T
8" 100 200 300 400 500 =) 100 200 300 400 500
: <
s ®) = ®)
= =
£ )
w w
2} 72}
= =
100 200 300 400 500 100 200 300 400 500

Temperature ('C)

Fig. 3. CO-TPD profiles of 1 wt% Pd/supports after (a) only CO adsorption, and (b) co-adsorption of CO and H,O; supports: (A) TiO,, (B) y-

ALO;, (C) ZrO,, and (D) SiO,.
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Fig. 4. CO-TPR profiles of 1 wt% Pd/supports; (a) TiO,, (b) y-ALO;, (¢) ZrO,, and (d) SiO,.
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Table 2. Evolution of QMS signals -CO, (m/z = 44) during CO-TPD after adsorption of only CO or co-adsorption of CO and H,O over 1 wt% Pd

supported catalysts

Support

CO-TPD peak temp. (°C)

(CO + H,0)-TPD peak temp. (°C)

1 st 2nd 3rd 41.h 51.}1 1 st 2nd 3rd 41.h 51.h
TiO, 88 124 - - 167 313 - - -
y-ALO, 94 167 - - 88 150 - - -
71O, 75 120 159 393 476 73 99 147 370 400
SiO, 115 167 215 - - 74 115 160 - -

Korean Chem. Eng. Res., Vol. 55, No. 1, February, 2017



126 B AT - A=
(A) Pd3d
= 5
E S
z &
= =
= £
9 9
- -
= =
T T T T T T T T T T T T
346 344 342 340 338 336 334 332 346 344 342 340 338 336 334 332
Binding Energy (eV) Binding Energy (eV)
(C) Pd3d (D) Pd3d
s 3
& g
z 2z
- -
£ £
e e
= =
T T T T T T T T T T T T
355 350 345 340 335 330 325 320 346 344 342 340 338 336 334 332

Binding Energy (eV)

Binding Energy (eV)

Fig. 6. XPS spectra of Pd/supports calcined at 400 °C for 4 h in air flow; support: (A) TiO,, (B) ALO;, (C) ZrO,, and (D) SiO,.

Table 3. Binding energies and atomic ratios of Pd%/Pd*" for Pd/Supports
calcined at 400 °C

Binding energy of Pd 3ds, (eV)

Atomic ratio

Pd/Supports P’ PdZ" Pd/Pd
TiO, 3352(136) 3366 (864) 0.16
1-ALO; 3353(166)  336.8(834) 0.20
710, 3353(210)  333.6(79.0) 027
$i0, 335.5(84)  3368(91.6) 0.09

3parenthesis means the relative percentage of each Pd” and Pd** on Pd/
supports catalysts determined by XPS analysis

s5to] A¥}E Fig. 67} Table 30l YER ATt Pd/Zr0,2] 73-9- Pd
3ds, &} Zr 3p;, ¥ A 7F A= 21 21 & = QISITH24]. Pd 3dy, 2]
3] oF 3353402 eV 3 336.7£0.1 eVollA] 242t pd°¢) P> =
LERAZITE 400 °CollA] 4A17E 53F 3712 AAEE Yool &

T8FIL Pd® Fo] EAskE Z1E Blskglon, Parks[24]8] AT
oA 800 °CelA] 10 A|7F B9k 37 2704 Al S & 4ol
T PSS Eel & = itk dukg o2 cox Pd’ AEloll A &

Q1 oF(Pd*/Pd*")E Table 391 W]

4oz A-gsto] pde] Al
ato] trebfi olet. &40 7HE 2 Pd/zr0,°] A Pd/Pd* =
0.27°.% 71 37 Ebskow, 4ol vk Pd/SiO= 0.09% 7

o T
e HlES A F 2L e & 5 ek

[¢]

BN

-
s
Q]

=

i)

32, 40| MER Ml

ol EAEHA ok Az elM O] AEA H,y AlshE 1wt

RN 1

S22 100 °CollM S=383}od 1 A= Fig. 79} Table 4o A2l &}
At 12l H3E2 Pd/Zr07} 7H =943, Si0,= tHE A A

ST A1,

o vlsl CO 9] ghgo] B} vk RS gl & = ISIT). A%
© 2 HZA 3} Jt Hyeoll vlsl co7t A ek Pd/ZrO,

O

Table 4. Catalytic activity for H, and CO oxidation at 100 °C over Pd supported catalysts in dry or wet conditions

Conversion in dry conditions (%)*

Deactivation rate (%)°

Conversion in wet conditions (%)?

Deactivation rate (%)°

Pd/Support Initial t=12h Initial t=12h
H, Cco H, CcO H, Cco H, CO H, Cco H, CcO
TiO, 84.1 232 81.9 15.9 2.7 31.6 88.1 324 81.6 16.9 7.4 47.8
v-ALO, 89.3 35.0 84.0 31.0 5.9 11.3 92.5 39.8 93.4 393 -1.0 1.2
710, 98.0 503 95.0 27.4 3.1 45.5 97.7 69.3 99.0 65.2 -1.4 5.9
Sio, 67.1 7.0 52.4 0.0 219 100.0 69.3 6.8 58.8 10.6 15.2 -55.9

“Catalyst weight = 0.10 g, total flow rate = 120 cm> min’!, T = 100 °C, and molar composition of H,/CO/O,/Ar = 3/3/3/991
PCatalyst weight = 0.10 g, total flow rate = 120 cm® min™!, T = 100 °C, and molar composition of Hy/CO/O,/H,O/Ar = 3/3/3/10/981

“Calculated by (X, —

X120 Kinitias * 100
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Fig. 7. Effect of supports for the selective oxidation of H, and CO over supported Pd catalysts; (a) TiO,, (b) y-AL, O3, (¢) ZrO,, and (d) SiO,.

Catalyst weight=0.10 g; total flow rate=120 cm® min™'; reaction temperature=100 °C; and molar composition of H,/CO/0,/Ar=3/3/3/
991. Conversions; ll: H,, A: CO.
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