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Effect of Ti-S Mixed Oxide Support on Gold Catalystsfor
Gas Phase Epoxidation of Propylene

DAl Maohua, TANG Dingliang, YUAN Youzhu *

(State Key L aboratory of Physical Chemistry of Solid Surfaces, Department of Chemistry, College of
Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, Fujian, China)

Abgtract : Titania dlica mixed oxides prepared by hydrolytic and one-step norrhydrolytic ol-gel routes using
TiCl, and SCl, as precurors were employed as the gold catalyst supportsfor gasphase epoxidation of propylene
in O, and H,. Characterization studies of the supports and catalysts were performed by means of X-ray diffrac-
tion, ultraviolet-visble absorption gectrosopy , N, adorption, and high-resolution transmisson electron mi-
crosoopy. The resultsindicated that the amorphous Ti-S mixed oxides containing 6 % 14 % of Ti could be pre-
pared by both ©l-gel routes, but those by non-hydrolytic sol-gel afforded higher surface area and dgnificant
mesopores. A superior cataytic performance wasobtained with the gold catalyst supported on the non-hydrolytic
2l-gel Ti-9 mixed oxide containing 10 % of Ti. The propylene converson was 5.7 % at the initia 60 min and
3.3% at 240 min of timeon stream. The sHectivity for propylene oxide was as high as 95 %. The influences of
aging time for the non-hydrolytic sl-gd and pH value for the Au depostion-precipitation on the performance of
the Au catadyst were a9 discussed.
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, M-0O-M’ , M-d+M'-0OR=

M-O-M" +R-d;
M’-Cl + ROR =M’- OR + RC

M-O-M’

[19 23]. (1)
, Md,+M(OR), =2MOy, +
nRd ; (2) , Md,+
n/ 2ROR =MO,» + nRd.
1 .
Ti-S-N Au/ Ti-S-
Ny XRD ,
XRD , ,
Ti-9-N XRD . Ti 14 %
; Ti
14%
TiO; . , i
14% , Ti-S-Ny Ti

Intensity
Gl CF I

2)
()
L.Al. P 1 TR TR S SR
10 20 30 40 50 60 70 80
26/1°)
1 Ti AU T-S-N,  XRD

Fg1l XRD patternsof Au/ Ti-S-N, with different Ti contents
x: (1) 6, (2) 8, (3) 10, (4) 12, (5) 14, (6) 20
(Ti-9-N, — Titaniarslica mixed oxides prepared by the non
hydrolytic ©ol-ged method, x isthe Ti molar content (%) .)
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, , Ti Aul Ti- , Ti-9
S-Hy . 1 , Ti
1
Table 1 Catdytic performance of different cataystsfor gasphase epoxidation of propylene
Catalvet AgeT Ti content Average pore Converson of Sdlectivity (%)
Y m? g (%) diameter (nm) propylene ( %) PO CH3;CHO  C,H3CHO (CH3) ,CO CO,
AU Ti-S-Ng 107 6 3.5 1.8 81.5 4.5 1.6 0.3 6.7
AU Ti-S-Ng 242 8 3.4 3.6 90.1 3.0 1.1 0.1 5.7
AU Ti-S-Nyg 434 10 3.7 5.7 95.0 2.3 1.0 0.1 1.6
AU Ti-S-Nj, 348 12 3.9 3.8 94.0 1.9 1.9 0.7 1.5
AW Ti-S-Ny4 342 14 3.9 2.2 92.0 2.1 2.3 1.6 2.1
AU Ti-S-Hg 123 6 4.6 1.8 96.4 0.4 1.4 1.8 0.0
AU Ti-S-Hg 242 8 4.8 1.8 95.5 0.4 1.5 1.8 0.1
AU Ti-S-Hyp 267 10 3.7 2.3 95.0 0.5 1.4 1.3 0.1
AU Ti-S-Hj, 155 12 3.5 2.1 92.1 1.4 1.5 1.2 4.7
AU Ti-S-Hy, 81 14 3.8 1.1 91.4 1.6 1.9 1.1 4.0
AU/ TiO,(P-25) 2 45 100 14.4 0.7 99.9 0.0 0.0 0.0 0.0
Au TS1° 420 2.5 2.5 0.3 8.0 35.0 43.2 16.4 0.0

Reaction conditions: feed gas CsHs O, H, Novolumeratio 1 1 1 7, GHSV =4000 ml/ (g- h) , catdyst 0. 15 g, reaction temperature 120
, reaction time 60 min.

@ P-25 was received from Degussa Co. , Germany; Reaction temperature 70, reaction time 60 min.

b TS1 wasobtained from Prof. Guo X W at Dailian University of Techrology , China; Reaction temperature 120, reaction time 60 min.

Ti-S-H, — Titania slica mixed oxides prepared by hydrolytic sol-gd method, x isthe Ti molar content ( %) ; PO — Propylene oxide.

2.3 - 5.7% 95%; 120
, 144 h 2.9%
Ti-S-Nip - 2.5%, PO 93% 92 %.
( ) : - ,
, 4, 72 h ,
, 60 min 1.7%, PO ,
85 %; 9% h
PO , - ,

24 © 1994-2008 China Academic Journal Electronic Publishing House. All rights reserved.  http://mamw.cnki.net
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(The reaction conditions are the same asin Table 1.)

6 AU/ TI' g' N10 AU/ TI' g' H10

Fig 6 Epoxidation of propylene over AW Ti-S-Nyo (1) and Auw/

Ti-S-Hjp (2) catdysts as afunction of time on stream
(a) Propylene converson, (b) PO sdectivity
(The reaction conditions are the same asin Table 1.)
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