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Fig.1 Schematic diagram of ionic liquid modified Cu/USY

catalysts
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Avio 200 %45 25 1AL (ICP-OES).
1.4 ELFIEREEM
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VCM Selectivity=¢,/(1—¢,) x100% (2)
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Fig.2 C,H, Conversion (a) and VCM selectivity (b) of catalysts
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Fig.3 C,H, Conversion (a) and VCM selectivity (b) of catalysts and catalytic performance of Cu/USY modified with different
contents of TPPB (c)
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Fig.4 FT-IR Spectra (a) and N, adsorption/desorption curves (b) of catalysts
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A BT T R,

H Cu@15TPPB/USY fY Ht i BT B 1)

W&, XA He2lR T Cu #Fh4h, TPPB 15| A L%
2 USY #ARMIHR L FTEC™. 15 5 7w Ak 30 %t
ke, W ) Cu/USY il Cu@15TPPB/USY 44k 7]
B R A B R T 80% Fil 78%, -2 LAR Ay 4
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Table 1 Specific surface area and pore structure parameters of

fresh and used catalysts

Samples Seer/(m’g ) Vel(em®-g ) Dy/nm
USY 689 0.41 2.38
Fresh Cu/USY 333 0.21 2.53
Used Cu/USY 68 0.10 3.54
Fresh Cu@15TPPB/USY 298 0.19 2.51
Used Cu@15TPPB/USY 65 0.03 3.72
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Fig.5 TG Results for Cu/USY (a) and Cu@15TPPB/USY catalysts (b)
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Fig.6 TEM Results of catalysts
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RIG, $EmT Cu R 5380, ek T oA
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Ry Bk — 2 o A 15 Mk MRl Cu A R 2K, X
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AL T T XRD FAF5T, 258005 7 . HE

A, 7138 Cu YIRS, Cu/USY 1 Cu@15TPPB/USY
TEALTTE SN BTG Y PRRE USY 230 2 A4 11 it 284
ZhHe), UL Cu Al TPPB A4 51 A A i A8 1 57 2844
0B L. FRORERT Y Cu/USY AL 7E 20 1 N
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Fig.7 XRD Results of catalysts
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B, X 5 TEM 458 —2. Ah, AT E Cuw/USY
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e, X I N AT fE Cw/USY Hl Cu@1STPPB/USY i1k
FIFEAT T XPS 20 #1 (WLIE 8(a). &l 8(b) A1 2). H
a1, JOBERTJE Cu/USY 1 Cu@15TPPB/USY /i
3 b BAELE Cu™ L Cu™ Al Cu’ WA, T Cu™Ol
FRETE I L ITE 934 eV A4, Cu'Fl Cu’ Dt
TRE TG 06 AR 932 eV 2245 P N R N AT JE
Cu/USY H1 Cu@15TPPB/USY Ak 44 fE K/
A LA 1, TPPB A G Cu’ BYZ5 4 RE 1) 1R 45 4 Ak
Wifi#% 17 0.3 eV, IX AT BEFH T Cu JiF5 TPPB fJAH
HAEH, (H i T =% R, W9k T Cu R HFIYRE
J1PY xR, A TPPB J5 19 Cu™ iRk . TR L
2 5 0 1 A, WA T B G i B AR SR

(a) Cu2p,,
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(b) Cu 2p;, \ Fresh Cu@
\ 15TPPB/USY

©
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Fig.8 Cu 2p XPS Spectrogram (a), (b) and H,-TPR (c) results of catalysts

& 2 REHTE Cu/USY 1 Cu@ISTPPB/USY L FIF AT RS TER
Table 2 Analytical results of copper presence in fresh and used Cu/USY and Cu@15TPPB/USY catalysts

Samples Bing energy /eV Relative content /% Cu loading Loss ratio during
Cu™ Cu" and Cu’ Cu™ Cu" and Cu’ 1% the reaction /%
Fresh Cu/USY 934.8 932.8 69.3 30.7 14.2 162
Used Cw/USY 935.1 933.1 432 56.8 11.9
Fresh Cu@15TPPB/USY 934.5 932.8 84.7 15.3 14.4 76
Used Cu@15TPPB /USY 933.8 932.8 64.4 35.6 13.3
Wi AR e, % 5 Cw/USY Fil Cu@l5STPPB/USY 1 R HIRa E 1.

Cu HL 91 149 BT [, 3 2 WA 8 S B Ak 57 A
Cu W 2 1B T R JFUR N 1% T Cu@1STPPBY
USY AT, RO Cu™ He i3k, 3 2 W iy
F TPPB Wyl A, fii Cu@15TPPB/USY AL 7] i iy
Cu” HIRESE, 4 A AL AIMERESS S, H#EM Cu@1 5TPPB/
USY HEALFIVERER S, AT T Cu™ Bl 25 4 Rk

J T #E—EH 2 TPPB B 51 AT G20 4 Ak
PR [a1VE F 77 B9 52 e, H,-TPR Z5 58 (UL & 8(c)) = HH
Cuw/USY #1 Cu@15TPPB/USY 4L 7E 200~550 C
QYA 3 AR g, RS 262, 286 F1 492 °C,
XtEF Cu®. Cu MR CE g A A IR R T,
Cu@I15TPPB/USY A7 Cu B J5 I ] = i X
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3T 20 C, XEZHKFET TPPB 5 Cu ¥ Z A Y
FE A, #E— W] TPPB AY5I AN T Cu ¥y
Fir 5 USY #AARMIAHEAER 1, BOE T Cu PRI
WA, F Cu PIFhTE S 2 R S MERAR R, A
B F HAR A R 856 ROV fE LRI ICP 25
(W% 2), Ik Cu/USY I Cu@15TPPB/USY 1k
FI B Cuy Fh i e B 4L, i TPPB 5| A5,
Cu@15TPPB/USY AL Cu HyAh i) i 2 22 sl D>
T 8.6%, IX AL Cu ¥yFPifi k& Cu/USY i1k
FN T B9 R N 2 —, T B AL E—25E ] TPPB 5]
AT DA RIRGE Cu IR R N4

3 &ig

IE L PR R R BT &S T TPPB B Y
il Cu@TPPB/USY 4L, X4 TPPB H 4 & &l
15 B, 8 RN B 160 °C, &SR 25
120 h', AL A5 B EE R ol 1.25 ¢ 1 B9 464
T, Z AT CH, #AL R KT 66%, VCM L £
KT 98%.

HEAL TR e T AR . Cu Wb JFRI 2 35 J2
Cu/USY 43 F fifi 3 48 46 770 2 36 19 = 22, 1
TPPB & F AR5, AL AT LA R0 il 44 46 55
FFRBR AR A, VSR Cu WA A S5 R i ok, i BE
fEHE Cu RN 2315, DT AT R0 = A AR 7 1) 2 R
FALTERE, N LR E AL Cu TR AT A E— 2 F
PR T HIS AL AR K.
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Effect of Ionic Liquid Modified Cu/USY on the Performance of
Catalysts for Acetylene Hydrochlorination

MAO Zhi-wen', WANG Lu"*, ZHANG Jin-long', ZHAO Wen-kai', YAN Hai-jun"’, DANG Lei,

1,2,3

ZHAO Ling

, GUAN Qing-qing"’, WANG Ji-de'”

(1. State Key Laboratory of Oil and Gas Fine Chemicals, Ministry of Education and Xinjiang Uyghur

Autonomous Region, School of Chemical Engineering and Technology, Xinjiang University, Urumgqi 830017,

China; 2. State Key Laboratory of Chemistry and Utilization of Carbon Based Energy Resources, Xinjiang
University, Urumgqi 830017, China, 3. State Key Laboratory of Chemical Engineering, School of Chemical

Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract: A series of Cu@TPPB/USY catalysts were designed and successfully prepared by modifying with

TPPB ionic liquid for improving the catalytic activity of Cu/USY catalyst for acetylene hydrochlorination. When
the percentage content of both copper and TPPB is 15, the Cu@TPPB/USY catalyst exhibited the optimal

catalytic performance, the C,H, conversion is enhanced 1.17 times and the VCM selectivity showed up to 98%

under the reaction conditions of 160 “C, a C,H, gas hourly space velocity of 120 h™" and molar ratio of hydrogen
chloride to acetylene is 1.25 : 1. Combination with the characterization results of FT-IR, BET, TG, XPS, TEM,
XRD, H,-TPR and ICP-OES techniques, it is suggested that the enhanced catalytic performance is merely

attributed to the TPPB addition, which can effectively promote Cu species dispersion and inhibit their reduction

and loss, enhance the interaction between Cu active species and support and inhibit carbon deposition, thereby

effectively improving the catalytic activity of Cu/USY catalysts.

Key words: ionic liquids; molecular sieves; copper; acetylene hydrochlorination; catalyst
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