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Low-Temperature CO Oxidation over Pd/SAPO-34 Catalyst
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Abstract: SAPO-34, MnSAPO-34, and CuSAPO-34 were synthesized by the hydrothermal method. A series of supported Pd catalysts were
prepared by the impregnation method. The effects of calcination temperature, Pd content, prereduction of the catalyst, and reaction tempera-
ture on CO oxidation were studied. The catalytic activity decreased with increasing calcination temperature. The higher reaction temperature
or Pd content resulted in the higher catalytic performance for CO oxidation; however, H, prereduction of the catalyst led to a lower catalytic
performance. The results of X-ray diffraction and transmission electron microscopy analysis showed that Pd species are highly dispersed on
SAPO-34 zeolite, and the Pd dispersion of the catalysts depends on the pretreatment temperature and reaction conditions. The characteriza-
tion of X-ray photoelectron spectroscopy and H, temperature-programmed reduction reveals that Pd”" species are the active sites for CO
oxidation.
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SAPO-34 73 i FH K #di A B, BA = il A
BRI, 43 0 DAL TR 40k 7K 5 A R e ¥ A T U
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80°C T 12 h, PrA54E i 73 il £E 200, 300 A1 400 °C
T2 AR AP R B 4h, 2 Gl i b PA/SAPO-
34(200), Pd/SAPO-34(300) fl Pd/SAPO-34(400).
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BT 4518 4L %) 32 4 Pd/CuSAPO-34 Fll Pd/MnSAPO-
34,
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Nl Hy IF LS °C/min (1) THIR 3 T A 300
°C, fHi 30 min, 2R J5 4 Hy, SR P4 312 =B
AL, 38 A 1.35%Pd/SAPO-34-H,. 7 4k, %
FE&h 1.35%Pd/SAPO-34 ‘& T Je N+, il A CO Al
R A RIAT N, F 100 °C WV 10 min, FE i
04 1.35%Pd/SAPO-34-CO.
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2500 %Y XRD % _F 4T, Cu K, 545, & W 100
mA, & Wk 40 kV, 1 #d BE 2°/min, 5 #E [H
3°~50°,

XPS /3 #74F Kratos Axis Ultra DLD %% L 1 fig
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284.6 eV) N WARIEAT i AR IE.
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HEAT, I s s 200 kV.
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DL BET 2 it 8 k15

H UV-2401PC B4 2 Hb-1] W8 S S 63 4SO #
M HEAT R AT UL RS (UV-Vis) 20T, AL FIHR K S
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FET R AP E AR UV-Vis 1
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1k 50% )il B2 LL Tso %7, 58 4 He A IR B LA oo
For. fFH GC 23420 RS AH AR AU IEAT E 28 2 T,
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Fig. 1. XRD patterns of the zeolites. (1) SAPO-34; (2) CuSAPO-34;
(3) MnSAPO-34.
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Fig. 2. XRD patterns of 1.35%Pd/SAPO-34 catalysts calcined at
different temperatures. (1) 1.35%Pd/SAPO-34(200); (2) 1.35%Pd/
SAPO-34(300); (3) 1.35%Pd/SAPO-34(400).
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Fig. 3. UV-Vis spectra of CuSAPO-34 and MnSAPO-34 before and
after calcination. (1) CuSAPO-34 before calcination; (2) Calcined
CuSAPO-34; (3) MnSAPO-34 before calcination; (4) Calcined
MnSAPO-34.
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Table 1 Textural properties and catalytic activity of the catalysts

Catalyst Apgr/(m/g) T100/°C
SAPO-34 587 —
0.5%Pd/SAPO-34(200) — 180
0.8%Pd/SAPO-34(200) — 145
1.35%Pd/SAPO-34(200) 511 135
2.0%Pd/SAPO-34(200) 432 170
1.35%Pd/SAPO-34(300) 497 140
1.35%Pd/SAPO-34(400) 465 150
1.35%Pd/MnSAPO-34 335 160
1.35%Pd/CuSAPO-34 379 200
1.35%Pd/NaZSM-5 256 150
1.35%Pd/NaMOR 216 180

Tho0 : the temperature for 100% CO conversion .

1) bl R T BLUZ k). X 0] g2 BT PAO R AR R ]
B K oK, 5 % T SAPO-34 ff) fLiE . 1.35%Pd/
SAPO-34(200) f 1t 7 5 #H [ Pd 41 & &= 1)
Pd/CuSAPO-34 Fll Pd/MnSAPO-34 1 1k 51 L ¢, Lk
T BUE K, Kk, i TE PAO MRl ) 43 U T .
214 TEM %R

4 AN A R e 5 1.35%Pd/SAPO-34 i
I TEM By, i BT BUE Y, #i/k SAPO-34
(R BPRiAE A 1~2 pm, $2 Pd 5 &AL 7 Pd 41
IY1E SAPO-34 Hifk b4y A A 145), Hor- Yk iz
{4 #5746 2~8 nm; Pd/SAPO-34(200) 1 1L 7 1) Pd 41

IRLT N, S BIRLARAE 2~5 nm. Bl A 45 BE I 1
Thisr, PdORL ¥~ 38 W K, IR AR N B R RS I ERE
BCEBR B RURL, 5 be il B2 By, Pd 4170 R ok, (3
PR FEAK T 400 °C I P By ki 42 75 - 7 75 10 nm
LAWY,
2.1.5 H,-TPR&ER

P 5 & AN A #4057 19 Ho-TPR 3. fl &m0,
1.35%Pd/NaZSM-5 Fl 1.35%Pd/NaMOR it 1k 71 7£
48 °C e i A7 — ANk R W, WT A )8 A i 25 PAO W) Fh
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Fig. 5. H,-TPR profiles of different catalysts. (1) 1.35%Pd/SAPO-34

(200); (2) 1.35%Pd/SAPO-34(400); (3) 1.35%Pd/NaZSM-5; (4)
1.35%Pd/NaMOR.

Bl 4 1.35%Pd/SAPO-34 EUFIEREIREKEEFR TEM B R
Fig. 4. TEM images of 1.35%Pd/SAPO-34 catalysts calcined at different temperatures. (a) SAPO-34; (b) 1.35%Pd/SAPO-34(200); (c)

1.35%Pd/SAPO-34(300); (d) 1.35%Pd/SAPO-34(400).
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150~250 °C A7 — A L 56 1 3k JR U, v ) Jm oA
PA*" 550 1 0 A 5 A0 EL AR R B B, AR B4
T, gt b R G, R S gl R P Ay
YRR R L sGR e AR, 51
7 &5 F) A B JE 1 L AR A 1) PA(HL0)4(0,e0) " 4
B (e=1,2 1 3), e G gk 5P w6 T
1.35%Pd/SAPO-34(200) F1 1.35%Pd/SAPO-34(400)
FE i, 76 48 °C H B — AN [\ B 1) FE &0 41, JL
1.35%Pd/SAPO-34(200) ¥ i 7ELE 96 °C HILIE JR
U, X PTREZ T AEA T ST — E IRK A, S
Pd* BT PA(H,0)*, & 54y 70 2 A A 7= A 4 1
YEH, RS ATGE, 0 A BAGR FE NIk JR, ok R
U T AR ASE /N, AT BR A H T RE A 2 R T A R

oy P W R AE T KA. T 1.35%Pd/SAPO-34
(400) FEFTE 137 °C Ab L T — AN ik J g, 35 W
e i A5 J AT )OS il R S D 0 T AR i, B
IR BB B IS PE PA®T W B S RLAR K, I REAE
5 3k 22 0] B B i R AH A H.
2.1.6 XPS 4R

h T HEFL CO Ak & N P 5 i L R R T Pd
PIFIAL R ZS 1 OC &R, 0 AN [ Ak R RE B AT T
XPS 43 #t, I Pd 3ds,, 1) XPS % UL 6, # MY 45 &
RE S AN TR Pd W) Fh & & Lk B T 38 2.0 i AT L,
1.35%Pd/SAPO-34(200) ¥ &, H Pd 3ds,, 19 45 45 fE
h337.2 eV, W IHJE T PAO. 4 K5 B FE 1 & 300
i 400°C, B T £E 337.2 eV M5 — AN g AL, B4

3372
(@)
2 2
5 5
5 =
| | | | | | | | | | | i | | |
348 346 344 342 340 338 336 334 332 348 346 344 342 340 338 336 334 332
Binding energy (eV) Binding energy (eV)
336.9
© 337.0 )
2 2
5 5
= 339.2 E
i
L 1 L 1 L | L | L | L | L | L n 1 Il Il Il Il L Il Il L
348 346 344 342 340 338 336 334 332 348 346 344 342 340 338 336 334 332
Binding energy (eV) Binding energy (eV)
6 1.35%Pd/SAPO-34 E L7 E R E K HAIRFRT XPS %

Fig. 6. XPS spectra of 1.35%Pd/SAPO-34 catalysts under different treatment conditions. (a) 1.35%Pd/SAPO-34(200); (b) 1.35%Pd/SAPO-34(300);

(¢) 1.35%Pd/SAPO-34-Hy; (d) 1.35%Pd/SAPO-34-CO.

F2 TEENLFIE XPS 5T 41E

Table 2 XPS data of different catalysts
Catalyst Efev n(Pd*")/n(Pd*") n(Pd*")/n(Pd)

Pd*(x>2) Pd** Pd

1.35%Pd/SAPO-34(200) — 3372 — 0.0-100.0 100
1.35%Pd/SAPO-34(300) 338.9 337.1 — 15.3-84.7 100
1.35%Pd/SAPO-34(400) 339.2 337.0 — 16.7-83.3 100
1.35%Pd/SAPO-34-H, — 336.9 3353 0.0-100.0 87-13
1.35%Pd/SAPO-34-CO — 336.9 335.5 — 65-35
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AT B NP 0 AL T . V)
G B, 1.35%Pd/SAPO-34 fi AL 51 3% P PA> 4>
B id J5 ok Pd.

2.2 fELFIE CO EL R &E
2.2.1  HK¥ CO E 1k /R AEAY NG

Vel 7 Ay B30 AN Ti] PR A4 A 750 48 A 1 e B S 3

BAE 4k . BB AW, 1.35%Pd/SAPO-34(200) 1 1 7
FILH B = A CO FAPERE, I Tso A1 Tyg9 53001
J9 110 F1 135°C; 1 1.35%Pd/CuSAPO-34
1.35%Pd/MnSAPO-34 #E L5 1) Tig 737 4 200 Fl
160 °C. wJ WL, ff A4 7135 2 Wi ¥ 2k 1.35%Pd/SAPO
-34(200) > 1.35%Pd/MnSAPO-34 > 1.35%Pd/CuSAPO-
34, X H]RE A H TG B A SR 1 431 0 G R T R
i, AR FIETEAL 7 PAO M43 8, & T80T L
1 CO AL EREM BEALS). 5 1.35%Pd/NaZSM-5 Fll
1.35%Pd/NaMOR 46 FIAH L, CO A Ak 7% P2 i 17> 4
1.35%Pd/SAPO-34(200) > 1.35%Pd/NaZSM-5 > 1.35%Pd
/NaMOR. 24 CO 4 ¥ EHARE /N, BT LAk it fL42
Xf CO % A & N B 5% i A K. 1.35%Pd/SAPO-
34(200) & PR w1 SR R AT BE 2 B AR T R A
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Fig. 7. Effect of support on the performance for CO oxidation. (1)

1.35%Pd/SAPO-34(200); (2) 1.35%Pd/NaZSM-5; (3) 1.35%Pd/
MnSAPO-34; (4) 1.35%Pd/NaMOR; (5) 1.35%Pd/CuSAPO-34.
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B h, BEAE Pd & I, AR PR R A B
2 Pd E R 1.35% N A6 P R IA B A AR, PR
T Pd A 2.0%, CO S A6 [ W 1 fE S if BRI
Pd & &4 0.5%, 0.8%, 1.35% F11 2.0% [1] Pd/SAPO-
34 AL FI Y Tso 20 51 4 140, 130, 125 F1 135 °C;
Thoo WX A 180, 160, 135 A1 170 °C. 0] UL, i 1k 7
CO 58 4> 5 AL T Y 24 1.35%Pd/SAPO-34(200) >
0.8%Pd/SAPO-34 > 2.0%Pd/SAPO-34 > 0.5%Pd/SAPO-
34, M Pd F /T 1.35% I, CO %Ak J B ik 1 Bl
Pd S35 5 R 3G I i, X AR T AR R
WSV BUE M E. (HBE Pd g2, §
LR AR B, W5 Pd 4 HORE BRAG, RIS R R
B, WAL, fEAGF Pd )R h 1.35% B CO %tk
N g A B f Ak
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Fig. 8. Effect of Pd amount on the performance for CO oxidation. (1)
0.5%Pd/SAPO-34(200); (2) 0.8%Pd/SAPO-34(200); (3) 1.35%Pd/
SAPO-34(200); (4) 2.0%Pd/SAPO-34(200).
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145 °C; Tyoo HIX 135, 140 F1 150 °C, {4k 7135 v Z % x W
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160°C. J7T LL CO 5% 4 484k i 1 I 5 1.35%Pd/ A;;l Ca’ml:ioo’& Tone ET T TR TERAT
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SAPO-34(400) > 1.35%Pd/SAPO-34-H,, iX i W i 1L Iwasawa Y. J Catal, 1997, 170: 191
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Pd 2173 W A7 AR A& B A F], B e il B2 24 200 F 4 ERIE, ATHE AR, OO, WEAHR. S, me
300°C I, Pd 419 ki 13 /N I HoAb F & 2r HORFS, 2R 4] (Wang G Y, Li X M, Bai N, Zhang W X,
Bl@k%%%ﬁ%)ﬁ E"]ﬂ‘%, Pd {ﬁ‘ﬁéﬂﬁ*j?%%%{iﬁ, Jiang D Zh, Wu T H. Chem J Chin Univ), 2001, 22: 431
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