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Abstract: A series of Cu-Co/SBA-15 catalyst samples with different Cu/Co ratios and Cu-Co contents were prepared by co-impregnation.
The structure of the catalyst samples was characterized by N, adsorption-desorption, high resolution transmission electron microscopy, X-ray
diffraction, X-ray photoelectron spectroscopy, and temperature-programmed reduction. The catalytic performance of the catalyst for toluene
combustion was evaluated in a fixed-bed microreactor. The results indicated that the mesoporous structure of SBA-15 zeolite was maintained
in all the catalyst samples. There were the Cu-Co-O solid solution phase in the samples with low Cu content and the CuO phase in the sam-
ples with high Cu content. The Co on the catalyst surface played an important role in toluene combustion. The Cu could decrease the reduc-
tion temperature of Co species and promote the catalyst activity. Among all the catalyst samples, 40%(Cuo25C00.75)/SBA-15 had the highest
catalytic activity for toluene combustion, and toluene could be completely combusted at 285 °C.
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2 BOSCHER[10] 18 J7 i 1 46 /AL SBA-15 43 1 1.
¥ 49 =k BRI PE 7 P123 (Aldrich, EO2POqo-
EQOy, M, =5800) % T 90 ml & 1k, In A —3&
B HCI (40 #740) FNERERR L B8 (4 Frél), 45 40 °C
N FURE 22 h, AR JE R IR A LS B Teflon i,
7£ 100 °C gtk 24 h, 98 ek M55, 7€ 550 °C
F5% 6 h LARR SRR 5, RIHI#3 SBA-15 4 1.
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. B S SBA-15 43 1 I iz 95t T 1 5 B A A
P2 A (53 A all) RV B2 B (53 B 4l) TR G, SR
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SBA-15 (x = 0~1) B4~ R 514k 7).

N T AT IR E T, ¥ Cu-Co Frith
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Z 5, Y 20 ml/min 1) 5%H,-95%N, i &
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Fig. 1. N adsorption-desorption isotherms (a) and pore size distribu-

tion (b) of Cup,5C0,75/SBA-15 catalyst samples with different Cu-Co
contents.
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Fig. 2. N, adsorption-desorption isotherms (a) and pore size distribu-
tions (b) of SBA-15 and 40%(CuCo1.,)/SBA-15 catalyst samples with
different Cu/Co ratios.

AR M43 Cu M Co Ji, IR VPR AR 45 i V-t W AL
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Table 1 Composition and textural properties of SBA-15 and Cu-Co/SBA-15 catalyst

Sample n(Cu)/n(Cu+Co) Ager/(M?g) V,/(cm®/g) Dgyi/nm dga/nm
SBA-15 — 599 0.99 8.8 —

10%(C 25C0075)/SBA-15 0.24 507 0.60 7.3 0.24383
20%(Cuo 25C0075)/SBA-15 0.24 444 0.55 7.3 0.24395
30%(Cuo 25C0075)/SBA-15 0.24 381 0.47 8.0 0.24370
40%(Cuo 2sC0075)/SBA-15 0.24 297 037 8.0 0.24395
50%(Cuo 25C00.75)/SBA-15 0.24 233 0.30 8.0 0.24370
40%Cu/SBA-15 1.00 354 0.48 8.0 —

40%(Cuo5C00.,)/SBA-15 0.79 296 0.40 8.0 0.24459
40%(Cuo 75C00.25)/SBA-15 0.74 279 0.39 8.0 0.24421
40%(Cuo5C005)/SBA-15 0.48 270 0.37 8.0 0.24396
40%(Cuo2C005)/SBA-15 0.19 288 0.36 8.0 0.24383
40%Co/SBA-15 0.00 329 0.39 8.0 0.24358
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(R4 AN 23K 2 5. 3R T LU, SBA-15 [ HE &
T Ak 599 m?/g, FLAARL Jy 0.99 cm®lg, H ] JLfL1E
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Fig. 4. XRD patterns of Cug25C007s/SBA-15 catalysts with different
Cu-Co contents.
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HRTEM images of different Cu-Co/SBA-15 catalyst samples. (a) 10%(Cug5C0075)/SBA-15; (b) 40%(Cug25C0075)/SBA-15; (c)
50%(Cuq.25C0q.75)/SBA-15; (d) 40%Cu/SBA-15; (e) 40%Co/SBA-15.

Fig. 3.
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DL dp 98 R AiE 1 20 = 36.9° &b Ky il 24 x =0 I, 20 =
36.9° dyp; = 0.243 58 nm (L 5% 1); % x=0.2 v}, 26
=36.8°, d3;; = 0.243 83 nm; 4 x =0.8 I}, 20 = 36.7°,
sy = 0.244 59 nm. ®] L, dayy i 5 i K. 24 Cu-Co-
O [E ¥ AT i, HhF Cu f921-4% (0.062 nm) A K
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Fig. 5. XRD patterns (a) and the magnified patterns (b) of SBA-15
and 40%(CuCo,)/SBA-15 catalysts.
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Fig. 6. XPS spectra of 40%(Cu,Co;.)/SBA-15 catalyst samples with
different Cu/Co ratios.
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933.4 eV, Jf i LI U
Cu2+ ﬂ%ﬁﬁ?{[lg'w].

2 4T AL R T T XPS b 45 AL
" PLE H, T AR Cu-Co & &= 1 CugsCoo.rs/
SBA-15 {4k 5, H:F 1 Si Fl O JL K 1 L 1 45 & Rt

TRAAK, MR Cu It 2 15 & B 1k 771

1 Cu-Co i 2 & 19 34 0 i & ¥ F+ . X T
40%(Cu,Co,.,)/SBA-15 # 1k 7, TLK 1 Co & &= 1F x
=0.25 oK.
2.5 LTI AT BRI B IS B e TR 1

7 R TA] Cu-Co/SBA-15 fii: fb 5 | FH 2K 4 4k
S NI JE AR 2. I 7(a) PTRLE Y
Cu-Co %1 M\ 10% 34 I F| 20% IF, FH R A0 2 B 5k
Fhn, k41 Cu-Co & & 2 40% I, 2R e b %
AAANK, M4 Cu-Co 7% ik 50% I, H R FE 4L %

PRLBE AT BAIA O Cu 32 2B

B B B, it a] WL, 40%(Cug25C0o.75)/SBA-15 fi
AR I G e, TOR AL Rl 10% IS R i FE A
208 °C, %= 285 °C I A 2K n] s 4 Ak

7(b) & 40%Cu,Coy.,/SBA-15 i 14 #I| I /1 2
FeALEBE AR g, TLLEH, L& Cu sk
Co (1A ), AH [ 1) 2R A 22 8 BT 55 1R 3L 82 45 L
5 i, W 40%Co/SBA-15 fi 4k 1) I FH 2R #5 4k K
10% IR 1 Jso 3L BE (Tyo) A 259 °C, H 2R tb EK ol
90% I f# S Vi S (Teo) 4 346 °C; T 40%Cu/
SBA-15 i AL () Ty M1 Too 43 73 4y 243 F1 291 °C.
XT84 Cu-Co I AKF, AH [F) R 2R 4b 26 1 ) Y.
U5 B K B A {IG, 409%(Cug.25C00.75)/SBA-15 1) 14 4k, 7]
PR . 455 XRD RAESS AT A1, 2 x = 0.5 i,
HIL CuO [fT 5. b n] WL, CuO MIA7A7E A% T
HE AR IR 35

R2 BUTERE XPSER
Table 2 XPS results of the prepared catalyst samples

Sample Ep/eV Atomic composition (%) Cu/Co
P Cu 2p3;2 Co 2p3p Si 2p O 1s Cu 2p3p Co 2p3 Si 2p O1s ratio
10%(Cup25C00.75)/SBA-15 932.9 780.5 101.4 531.1 0.38 0.99 33.29 65.33 0.38
20%(Cuo.25C00.75)/SBA-15 9329 780.0 101.3 531.9 0.48 0.94 30.35 68.23 0.51
30%(Cuo.25C00.75)/SBA-15 932.8 779.5 101.3 531.1 0.63 1.53 30.78 67.07 0.41
40%(Cuo25C00.75)/SBA-15 9334 780.2 101.3 531.1 1.03 2.10 29.10 67.78 0..49
50%(Cuo.25C00.75)/SBA-15 933.8 780.0 101.1 531.2 1.00 1.73 32.98 64.29 0.57
40%Cu/SBA-15 933.1 0 1014 531.0 1.70 0 34.96 63.34 —
40%(CuosC002)/SBA-15 933.7 780.4 1015 531.3 1.32 1.16 32.46 65.06 1.14
40%(Cuo.75C00.25)/SBA-15 9329 780.4 1015 531.2 1.25 0.83 29.11 68.81 151
40%(Cuo5C0o5)/SBA-15 933.3 780.6 1015 531.2 1.04 1.13 32.97 64.86 0.92
40%(Cuo2C005)/SBA-15 933.2 780.5 101.8 5314 0.62 1.06 31.75 66.58 0.58
40%Co/SBA-15 0 780.1 101.6 531.4 0 1.55 33.68 64.77 0
100
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Fig. 7. Variation of toluene conversion with reaction temperature over different catalysts. (a) Cuo25C0075/SBA-15 catalysts with different Cu-Co
contents; (b) 40%(CuxCo:.)/SBA-15 catalysts with different Cu/Co ratios; (c) 40%(CuxCo1.)/SBA-15 catalysts calcined at 800 °C. Reaction condi-

tions: po(toluene) = 0.1%, in air, GHSV = 34 L/(g-h), catalyst 0.2 g.
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A 221X 55 °C, £ W] 40%(CuyCo1.)/SBA-15 {# 1k 7 H
AR #hda e .

26 EAFISEILTE R

Kl 8 & A [F] Cu-Co/SBA-15 fi: 1k 71 K\ 1
H,-TPR %, &l 8(a) i LAFE 2, 75 L7 7E 181 FI
248 °C Mt AE{E /N I8 5. W B, Cu #)Fi LL
Co Wi 75 53 J5i 0 IRt 7T LUK 181 °C AL )E
U I J& k) Cu®* —Cu® I8 Ji, 248 °C b )3 Ji U 1]
LA JE A Co* —Co?* —Co® 45 i Ji e ) i 43121221,

P 8(b) L, 4 x=0 i, #ALF T 314 A
341°C KA W8 50, W LAV JE 2 Co® — Co®* —
Co® 14y Bk JE M., (BT Cu BN, 36 Ji e 35, 7
B RAG. 24 x = 0.2 I, A7 R 7R A 348 Dt e i

Intensity

50%
40%
30%
20%
10%

x=1

x=0.8
x=0.75
x=05
x=0.25

314 x=0.2
 x=0_|
NS IS S ST S ST S TSN S ST S ST S SO AN SO S S
100 200 300 400 500 600
Temperature (°C)
8 [ Cu-Co/SBA-15 L FI# BT Ho-TPR &
Fig. 8. H,-TPR profiles of different Cu-Co/SBA-15 catalyst samples.

(@) Cuo2Co0075/SBA-15 with different Cu-Co contents; (b)
40%(Cu,Co1.) /SBA-15 with different Cu/Co ratios.
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