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Enhanced low-temperature catalytic oxidation of ethylene on Pt/SBA-
15 by methylsilylation modification

FAN Yaxuan ZHAO Qian ZHENG Shourong ™
(State Key Laboratory of Pollution Control and Resource Reuse Research, College of the Environment, Nanjing University,
Nanjing, 210023, China)

Abstract We prepared Pt based catalysts by the impregnation method using SBA-15 as the support,
and the catalysts were surface modified by trimethylchlorosilane to improve their hydrophobicity.
The characterization results indicated that surface modification remarkably enhanced the surface
hydrophobicity of the catalysts. The results of low-temperature catalytic oxidation of ethylene
showed that with the increase of TMCS dosage, the catalytic activity of the catalyst displayed a
volcano-type variation. Among the test catalysts, Pt/SBA-15-TMCS (1:6) showed the highest
catalytic activity, maintaining 100% conversion of trace ethylene for approximately 1 h and 29%
ethylene conversion even after 3 h, which was significantly improved as compared with Pt/SBA-15.
The improvement in hydrophobicity of the catalyst from the modification by a moderate amount of
TMCS can effectively inhibit the adverse effect of water molecule adsorption on the catalyst during
the reaction, whereas the modification of excessive TMCS tends to agglomerate and form large

particles that block the mesoporous pores, reducing the contact between ethylene and the active sites,
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giving rise to low catalytic activity.

Keywords low temperature catalytic oxidation, ethylene, Pt/SBA-15, surface modification.
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PRS2 T AP A, TP 7 i PR A 2R PE TR B LM IR, DRI 3 SCRE R M. WF S kB P FEMEAL R AR L T
Pd, Au Fil Ag 25 & Ja AL I A B8 i ) 0 AL S A 16 4, I AR B A S R A ] AT B 2 3
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1 #MRL5 7 (Materials and methods)

1.1 SEEe AR

A ST AR A = B 3R SRR e (TMCS, GC, BT T 3051 ) . EO5PO70EO,, (P123, AR, Aldrich 2
F]) | IERERR VY TR (TEOS, AR, [H 254 H k2= 1R A R |]) L @SR 7S /KA 1) (H,PtClg 6H,0, AR, |
TEBTRL T A AR B A RS 7)) AR R (HCL, AR, Rt fb2A iR A BR A A
1.2 bl e

FL SBA-15 (A P4 DL =k BE AL B Y P123 454 S m) 57, TEOS Mk . HAKL TR Ky, e Bemr
FOIA 8 g P123 Al 300 mL HC1 /K (1.6 mol-L™), 7F 40 °C F it 4 h HE P123 5E 2V, IR
SIMEL A . AR ZLTE SN 18 g TEOS, 7E 40 *C i $1 24 h. SR 5 I Wl 55 % & A A R W 28, 1
100 °C F [ i 48 h. ¥ 5 1 i, DAL B FKuE 2k, 76 80 °C T LT, IF7E 550 °C &5 hbe 6 h(FH il
1 °Cmin™"), LLEBRBIRF P123, Frig ke fhid i SBA-15.

Pt/SBA-15 Y il 45+ R FH 18 52 951 1 1 45 PUSBA-15. #RHL 0.3 g SBA-15 #R 44K, JIA 20 mL =85 1/K
F10.797 mL H,PtClg (1 gomL ™) %W, 7F 90 °C /K 54 T e d1 9025 1. 845 2 19 A TE 72 00 S s &
F 300 °CEFX Y aEbE 2h (FHEHEZFE K S C-min"), B 5 B F 20 mL-min™ /¥ H, 4l H L4 200 °C
W 2 h, TS EESIE N 1% PUSBA-15.

Pt/SBA-15-TMCS 11l #&: TMCS fiEbefb S0 R FH 3L g0 % [ =R E 00 S by 36 & (& 1), 7F 120 °C i
ZE N N, (20 mL-min ) 50 FI R, Sl T R ATFAEY TMCS, 5050 R ;. 1% 203 FE 12 h, i
FEREAL TP (PUSBA-15-TMCS). 5285 TMCS HIit 5 PUSBA-15 FH L5350 1:12, 1:6. 1:3 (mL-g ™).
1.3 AL FRAE

fdi FH X 526 AT 51X (XRD, H A8 327k X 2%k, D/max-RA) X i 46 571 9 17 80 A1 23 #r 5 % 1CP-
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Fig.1 Schematic of experimental apparatus for surface silylation

1.4 CO W BRI 21 40 i i 5 1l s

FE S B CO MR A 21 A1 6 15 2 30 2o 36 [ P8 8RR JR 24 w1 A9 Nicolet IS10 43 #7115 2 9. 45948 1%
B 1700—2300 cm™, 28 HFN 4 em™!, FREURECH 32 Uk HL A, K AE S RS- T LA
H, 3L 5 °Comin ' (Y THREEZRTLF] 150 °C 76 N, (20 mL-min ") 40 B F AL HE 2 h, B E S G, 76 N, 4
il T B 5. Bl S N, Y14 &y CO/N, (20 mL-min™) LA [t CO, 137 W2 B 30 min J5 F-¥ CO/N, £ 36 [H]
N, W45 30 min, fefi FHZLAMGIEERERE CO TEAE b 28 1 1k 2% W2 B i i (4.
1.5 fifetERgil e

0 B AE AR AL BN 7E N AR 29 R 4 mm 9 [ 8 DR U 0 e b s ifE A7, LA Hb, o 0.4 g i b 5
(40—60 H)FA U B E T, IFAE 150 °C #E L2 3) Ny(20 mL-min™") XML FE1 T A0 3 2 h. 2
MEFEWRG, K U RS ET 0 °C MAIREAK B HE B T EE 30 min, 858G A (C,Hy, 0.005%; O,
20%; Ny, 5%; He, “FAf ) 7E 0°C T LA 1500 mL-h'-g ™' 1925 [B] 3B (SV) IMABAL IR, H AR 4338 1
TELA A AL (6 73 B F) 3420A, BL & S KA B ALK #5 A1 5 Porapak-Q #1:3% H2 (%) Ni fifb e fieds )
HEATRE I Y AR 5 S 5 58 7S R, SR 53 B 5 minad sk 1 IR CoHy % Ak R ik
( [CoHylin-[CoHylow) X100/[CoHyloy 3K 15, F v [CoHylin A1 [CoHylow 73 1 X 2 CoHy 1) 4 B e 12 Al
C,H, H TR . BAR SIS 45 o s, 5 U U Fh AL 70 BB I [l LA 4% 5 &

2 ZE - 54718 (Results and discussion)

2.1 SR RAE S R

M Pt/SBA-15 F1 PSBA-15-TMCS 45 FRAEKF, XRD Kl /R, 4 FAELL A H T SBA-15
H1 Pt 4 ARL T B FRAE AT S (18] 2) . Hirbr, 0,950, 1.57°, 1.79° BRAE W A7 B 43 53 °T LA % T SBA-15 By
(100) ., (110) . (200) /i 5 39.7°, 46.2°, 67.9° &b () ¢ i 0 57 WU 43 591 X5 g T Pt 9 KR A9 (111) |
(200) F1(220) #hHTH . 15°—30° &L H K T SBA-15 BYFFAE S 4. 45 FAER] T SBA-15 B9 M6 1L, JF H
Pt W13 3] T SBA-15 Ak I (HAGE B A, TMCS B4 5 &AL T AR RE IS 14 15 SBA-15 ({15242
NTTH TS5 K, RIEF SBA-15 9 (100) ¢ 1 Ab 04 58 B {2 98 55, X B K TMCS 11 2l A 23 52 1 SBA-
15 MY FEARSE L, (0] B 23 18 B SBA-15 A9 fh A& 2R L, Xt AU T#T 36 HH T PUSBA-15-TMCS 1 B M) & k.
WAL, AT XRD B, Pt 44K A AT SR W45 B AR DR — B, IR W] T AR 5255 4 Rl A6
) Pt 4 AL T 1 30 B AR — 2L, [RIA), TMCS FIMB i AN 2% Pt 40 KRE /Y 71 3877 A= %2 . ICP-AES il
R RN, 4 FiIE R0y Pt KR 17 280 i i 53 800 1R 1.03%, 0.98%, 1.05% LA K 1.02%.
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Fig.2 (a) Small angle and (b) wide angle X-ray diffraction (XRD) patterns of catalysts

TEM JEFJR AR T 4 R AL 3 8 G O BOUL H (71 3) . 28 L FALIN Uy o T LR S0 57 474
ELEFLIE, WM A HOUSLIEIESS T SBA-15 BRI G AL, iX 5 XRD EARLE R AH—3K. it /& PUSBA-15,
S PYSBA-15-TMCS, Pt 44K T #BREHS 19 51 M/ UM SBA-15 AU ALIE Y, 3 i BH AT Tk o o
Tt 67 3 Pt OKRL T, P TMCS 84 3 5 fE AL 50 i K P 5 BT 125 AN BE RS 145 Pt Bl 5 73 BR ISR
SBA-15 (4 fLALIE N, 1M H TMCS BB i ik BN 23 B2 i Pt 40 KA 1~ 19 43 B S0 3 2 il 4 45 3
8361 7K 28 1 53 H Pt S ALK 23 58 5638 1T 0 n AR i Ak LA SOy
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3 AR TEM E

(a) Pt/SBA-15, (b) Pt/SBA-15-TMCS (1:12), (¢) Pt/SBA-15-TMCS (1:6) , (d) Pt/SBA-15-TMCS (1:3)
Fig.3 TEM images of (a) Pt/SBA-15 (b) Pt/SBA-15-TMCS (1:12) (c¢) Pt/SBA-15-TMCS (1:6)
(d) P/SBA-15-TMCS (1:3)

N T RFE TMCS M0 PYSBA-15 HEALT FLERZSAE B2 MR, Xof £ AL HEAT 1 He et A3 BT LA e
FLAR AT RGN SE . ANIET 4 B, BIrA e A B FE AR TR 7 0.6—0.8 Ab HAT HI B 5 2R Type IV 145
2k, F W] BT A A Sl AT ST A P v LS A, S5 2RIED, TMCS & 1i)5, SBA-15 B4 FLATHI 39K O
R RAF. SR, Ny MRS B A5 TR 2k (s, BEE TMCS B4 B f4 72 49 0, N, W R Bt T8 ARG 5 ), FLAR
oM LR, HEAEHRITE TMCS #2805, fLAR RGT IERURAR, JF ELEEE TMCS HIHEE AW i, A FLAR R
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Fig.4 (a) N, adsorption-desorption isotherms and pore size distributions (b) of catalysts
%1 T PUSBA-15 LA K PYSBA-15-TMCS # it (Y fLERZ5# 2 8. BIAOR G, PUSBA-15 i1 fix
Ry B, FUARFLL R AL R F, 435020 832 m> g, 1.33 em® g™ il 5.89 nm. fifi % TMCS &t 1)
I, TR AL PR 2 AL R4 15 75, 1 5 0 T 6 T 45 4 R — B 3 U2 P
TMCS MM Zs 8B AE SBA-15 FAN R T, 1 2 TEAE AL ) A FL I8 P SR A2 U R A JORE 2, 7 5 7 FLEE R
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Table 1 Structure properties of the catalysts
Ejﬁjﬁt Sper/(m*g™) Vineso/(cm*g™) ) peso/IM
Pt/SBA-15 832 1.33 5.89
Pt/SBA-15-TMCS (1:12) 587 0.96 5.84
Pt/SBA-15-TMCS (1:6) 484 0.80 5.67
Pt/SBA-15-TMCS (1:3) 381 0.67 5.29

T 9 AIE TMCS 7E SBA-15 N L IE P 3R X £ AR I fh Ak 804k S 0 R 5, Wik 4 b il if AT 1
CO W B B A 18 I S 21 A3 4 M. WL S B, 76 TMCS &M Rl , PSBA-15 3175 fc i i CO W Fff 5t
B, BERA THA 1.33 em® g FLIAFREY PUSBA-15, CO BEGS 2 M A SBA-15 19 FL14 3 H ¥k Pt 4K
WL T B TR A TMCS &t (35, CO MR B 56 B 328 s 55, [R1Bs, CO Ao IR BRF 0G5 30 R A2 T —
BOER R LIRS IR XA ARG HIIE R T TMCS BB 22 LS CO 5 Pt 40K T4 322 ik, DA T 52 i)
CO 7E 4@ Pt L (W . AR 4k L2 4 SR ml LA, 38 2t () TMCS B2 A% 1T 2 20035 A Ak 750 2 (AR 11 i /K 2A

HB==

85, T A A TMCS B0 WU 23 ZEAEAL R A B AL, M T AL A AL AR

Pt/SBA-15
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Fig.5 The in-situ DRIFT spectra of CO adsorption on the catalysts
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T 2 Ak S A e R v A 70 2 T 7K 0 1 4 B R 5 B R0 O T 1 B R 2R, PR e AR S
UG EAT T A AR S5 TS K B b A AT R, 25 SR AN 1E] 6 BT/ . — BRI, ELAT 58 v i K M e e A 5t
BRIl . SBA-154E I —Fp A FLor 70, X F /K51 18847, L PUSBA-15 (1) 7K 42 fish £ 12
R 15° 8R1M0, 75 TMCS WAL AT 810 22 I, A A6 ) 9 i K PR KK $2 & , PUSBA-15-TMCS (1:12),
Pt/SBA-15-TMCS ( 1:6) 1 Pt/SBA-15-TMCS (1:3) % £ fish 1 43 51| 38 Jin 2] 128°, 143° F1 147°. £5 R Ui,
TMCS BEUSAR 25 7y M5 SBA-15 R I ) #8563 A1 ke A s 1oy 27, i 4545 Sy i /K 1 HE A o 42 42 1) SBA-15
TR, DA A 25048 v e T 750 28 1T P i 7K

(a) (b)

i 15°

(c) (d)

B 6 AR5 A K A4 Ak A
(a) PYSBA-15, (b) PUSBA-15-TMCS (1:12) , (¢) Pt/SBA-15-TMCS (1:6), (d) Pt/SBA-15-TMCS (1:3)
Fig.6 Contact angles of the catalysts with liquid water
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Fig.7 (a) Catalytic ethylene conversion on different catalysts at 0 °C and (b) Cyclic stability of Pt/SBA-15-TMCS (1:6)
Catalyst

MZEIR AT, PUSBA-15 5 PYSBA-15-TMCS (1:3) (N AELE Fe 4 U iy BE 58 &5 AL IR 1 0, i %t 2
I (4 A B5OR M FRAIK, JE7E 1 h 5 A 15% 2247 B9 &0 75 fB % T PUSBA-15-TMCS (1:12) Fll
Pt/SBA-15-TMCS (1:6) X} £ % i AL BORA W] 48 -, TMCS ehobE b 2548 i 1 AT o Ak 3 k. 5
J& PUSBA-15-TMCS (1:6) 4L, BEMS AT 1| h SHE R 28 100% 58 4% 4k A6 1% v, 9F 5.
16 3 h ISR RERE LR RF 29% 19 Z a5 AL 3. SRR B S i A 0 M 19 238 T LU R F TMCS s KR $i
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i AR, B 1A X TR B SR AIRE Y, b T 2 A B R A K o X T
AT 110 TR 6 55 ), DT 754 Ak S8R A5 LA T T PUSBA-15-TMCS (1:3) L AUR I A 15 2 B 271
{18 JL AT I AT B2 ) i 1Y) TMCS B2 3 LT R 72 SBA-15 (N FLIH, 38 %€ T/ A FLALIE, 175 2065
THELLES Pt YKL 2 ik, 375 A8 5 R ORI/ . DR I RUAE A A 791 2 1T ) i K P38 T, (ELA 28005 A7 A
30 % i 2 S 5 R TR T AR A 20 SR PP B AR TR A e Sh, o BT ) PUSBA-15-TMCS (1:6)
TR —UCE T 150 JBE N R T AL BE 2 h, AT AR BE SO LI AE . B SR 3 9, AL 7RI Ay i
PR RETAT W A, AR M R A (18] 7b).

3 458 (Conclusion)

FIHE 5 TMCS XA BEAT SOPE B 5 %, AR AT 15 SBA-15 f-EF R 4P A-fL45 4, i A
BT T AL 2 1 B9 B K 2, PUSBA-15-TMCS(1:6) 5 Pt/SBA-15-TMCS(1:12) 7E % iR F Y330 i A4H
b T PUSBA-15 B8 I fy AL S8 A 245 B9 . Hidr, PUSBA-15-TMCS (1:6) 7E 0 °C I i)t P/SBA-15 Xif
IR M 100% B9 E AL TG P AN 20 min #E 4 23T 1 h, 37 H 3 h J5 R BEWS IR T 29% B 2 i
b3, BE N T PUSBA-15 1L B AL 20 BTG . ML) A RAE S5 S, X AL IR BE L ek
0 R B A FLAS R4 s i ) i K MR G TRV FH ARG 45 51, RERE S O UE Pt 40 AR T2 5) b /3 HUZE SBA-15
FAARFLIE N, SRRk T B o i v B B ) K 4 BT S B0 2R 101 1 P A A B RIS X T AR
RIGE R, TMCS &1 2 M g sk M SBA-15 R i —F & &40k, ol LAY 214 g TR AR 1L
AR 05 1 SO K A AR 7).
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