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Table 1 Catalytic performance in propylene epoxidation

with CHP oxidant

Conversion of Selectivity to

Samples CHP / % PO / %

Ti-HMS 52.3 94.2
SN-Ti-HMS 78.8 95.5

Ti/HMS 62.9 94.7
SN-Ti/HMS 98.2 9.2
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Fig. I XRD patterns of Ti-HMS (1) and SN-Ti-HMS
(2) samples
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Fig.2 XRD patterns of Ti/HMS (1) and SN-Ti/HMS
(2) samples
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Fig. 3 N, adsorption-desorption isotherms of sample

(A)Si-HMS, (B) Ti/HMS, (C) SN-Ti/HMS
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Table 2 Physicochemical properties of sample

HE Sper D vt/
Sample

/% /(m* gy /mm (em®-gh)
Si-HMS 74.1 918.8 3.71 1.18
Ti-HMS 78.0 800.6 3.1 0.7
SN-Ti-HMS  0.41 685.8 2.48 0.75

a. Pore diameter;
b. Pore volume calculated from the BET measurement;

c. The hydrophilicity value.
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AN Y BE RGO B RE iy, BRI A LA R
HMS fLIEESIEA CRIFAL.

B 4 # 5B TEM B{&(A)Si-HMS, (B) Ti/HMS, (C) SN-Ti/HMS
Fig. 4 TEM images of sample( A)Si-HMS, (B) Ti/HMS, (C) SN-Ti/HMS
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5 Ti-HMS. Ti/HMS & H BB e S SEM B &
Fig. 5 SEM images of (1) Ti-HMS, (2) SN-Ti-HMS, (3) Si-HMS, (4) Ti/HMS, (5) SN-Ti/HMS
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Fig. 6 UV-Vis spectra of Ti-HMS (1) and Fig.7 UV-Vis spectra of Ti/HMS (1) and

SN-Ti-HMS (2) samples SN-Ti/HMS (2) samples
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Fig. 8 FT-IR spectra of samples

2.2.7 ¥Si CP/MAS NMR #1F K9 F1lE 10 4y
AZE T KA BGE & By Ti-HMS F1S 48 Ticl,
A v ) 4% 9 Ti/ZHMS K R 3L 32 A0 RE 5 10

*Si CP/MAS NMR &, M & 9 F1E 10 A I,
AFESRERAE S = 90, —100 F1—-110 ppm 4k B
TPSi R IR, SN AE T LT 3 ik
T A AL % 3 5 0 RE R P Q7 ((Si0),Si”-
(OH),) . Q*((Si0),Si"-OH) FI Q*((Si0),Si")
LB LG, 766 = 14.4 ppm &b —4
FrrydedRig, NiZIH)E T (Si0),Si-08i" (CH, ) 5,
XU = AR O e B R B B 3R, T
T Si-0-Si(CH,), 3.

(2)

1)

L 1 L L
50 0 -50 -100 -150 =200

Chemical shifts /ppm
9 #£& Ti-HMS (1) %1 SN-Ti-HMS #£& (2)
K3”Si CP/MAS NMR % &

Fig. 9 ¥Si CP/MAS NMR spectra of Ti-HMS(1)
and SN-Ti-HMS(2)

(2)

(1)

1 1 1 1

50 0 -50 100 -150 -200

Chemical shifts /ppm
& 10 Ti/HMS # & (1) F1 SN-Ti/HMS # & (2)
#”Si CP/MAS NMR & &
Fig. 10 ?Si CP/MAS NMR spectra of Ti/HMS(1)
and SN-Ti/HMS(2)
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3 X T WP R AR S, BRI RN Y o A 1
Bl HER 3 RS RTA, HOLEEAL ) , Ti-HMS Al
SN-Ti-HMS [ Q*/(Q*+Q*+Q") {H 43 5|} 0. 19 Fu
0.66; Ti/HMS F1 SN-Ti/HMS () Q*/ (Q*+Q*+Q*) {fi
S350 0.32 F1°0.70. RIOL, FIEAEARL WE R T
Q" Iyt , RV E RELE AL S , FF A
B K B B

% 3 HMAEY”Si CP/MAS NMR ##E
Table 3 Results of Si” NMR of samples

Sample Q4/ ( Q2 +Q3 +Q4 ) Sample Q4/ ( Q2 +Q3 +Q4 )
Ti-HMS 0.32 Ti/HMS 0.19
SN-Ti-HMS 0.70 SN-Ti/HMS 0.66

2.3 RETEEZHNHER

BRAEALTAS B A REE SN, RO T 25 S5 AL
A B Rt 25 7 A B A A B2, TR sk CHP
M Ao ROV . N E T . LA CHP/ P
(A JEE R EU S XA R R SR AL M R Y 2 i 17 T R e
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FEN e NIRRT 5 35 =T 10 1| R Y i e o =TI 1 B =
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FIEA RAF A EALIR A AL TE M . Bk AR e ok,
Bl R AT, BT LAARYE CHP $4LR & AC, 16
60 ~ 110 °C 15 Bl N A1 R TR . fe Pt S by R 3 oy
100 C.

TR SR TR 1 25 5 3 BUR 2 IS s BT A i &
A INZE, ARRR)Z ML R REA R e, &
RGNS, MR E R 60 ~75 CHY,
SN I HIAE 1.7 MPa 245 5 2 O il gk 75 ~
95 CHY, KN ESHEHITE 2.5 MPa e 475 24 ik
JEH 95 ~ 105 CHf, S HE ¥ 7E 3.0 MPa A2
G Wi, FEIER W RVAE T, REE NS
J VB ) T e AR A, —MAEREAE 1.7 ~3.0
MPa S P, R RECRIEAE LA L 08 R P A R
TP LR E AL PERE. Bt SN HE TR 3.0 MPa.
2.3.1 ZSTMRZM 28 ORI R AL R TS —
ANEZIRAR, ERNIRE 100 C AL, KT
3.0 MPa, §#/CHP EE/REL R 10.0 fUS1ETF, &

11 45 7 CHP Hdg == il X A AL Pk RE p 2. oF
5% CHP 25 2.0 h™ B 5] 7.9 h™', SRJ5
W22 1.0 b7 [ REE R, S5 RRM], G S Y
i, PO R FRE, HASHTE 1.0 ~4.0 h™' [
WAL, HEZm A, HARZIEE N, AL
EIH RIFRREE. Bia#E R 1.0 b7

100 —— —
-
m Lo
» » SV=1.0h™
80  SV=2h SV=4h| gv=6.2h"
Sv=7.9n™"
60 - .
®
=
D
.; 40 +
©
~
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Time-in-stream/h
11 =EXHEEFITREL BRI R
Fig. 11 The influence of CHP weight space velocity

2.3.2 LRI EER B EUKPEAEL
FRE MR PP aE R A 4 FroR. R4
LA, fE 2 500 hif) £ 5E 1E PF o i 72, CHP

R4 EAF Ti-HMS EURGERRLH R RIZE
Table 4 The stability of catalyst Ti-HMS in propylene
epoxidation with CHP oxidant

Catalyst running Conversion of Selectivity to

time/h CHP/ % PO/ %

500 99.1 97.2
1 000 99.0 97.0
1 500 99.1 96.8
2 000 99.2 96.7
2 500 99.0 96.5

F%E AL R AEFR1E 99. 0% LA |, PO BEFEIELEH5 78
96.0% A L. ST BB K 1, R 42w i s o
THMAE AL, ST g A K 55
FEAERIAFIZ N, 0] PO MK A S nr.  HY kA
fERE A BEANESR R T AR Bk A, i LR
TR R IR YE , BT T IR AL IR IR
JO7. e P Ak B AT L e R A 7R X A R L
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AT | EREIE AR E P

TERE PRI A 5 , 8 X AL ETT XRD
N UV-Vis RAER B, AT PR 57 FL A BHR
fib, HAPIABCAE ATAE. SR (TG) 1%
AN A AR HEA TR AL I R B, S5 B e i AL
FUAHEL, B AR Bk R AR 2, X
WY AR A Aol P A 2 20 S i ™ A Y 3R
YRR S, e R BRI (2
XIS T R AR MR Al 30, AT LA G e A T
A, MNITPRSZ AEAR R . 33X & Ti 9 HMS 446 5
HAT RAF ISR e TEAAL AR e
2.3.3 AL AR 12 i T RIS
O A IR ST A R AE SOV R E60°C, S
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CHP conversion /%
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EIbEL o I

(1) HMS AL A4 20 AR TiCL, BER AR 2
FAGAE I i) 2 (4 HEAL BT RIS OR-AF HMS A £L AT R
FAAE, ELIRRCAY Ti Py 32 2 DL DY S A7 1935 A2 7
XAFE.

(2) 225 W R e A A A R 5 R 2 aed Y
SRR AR LE , /KPRl B2 .

(3)7ELL CHP Jy 5 A 750 1 95 S8 Ak P9 M 1] 7 26
SANBESONEIN 280 F A oA i) AL 7R R B
L BRI P, PO Y 8 % 1 R RS 2 IR W AF. A
2500 h il g, CHP 320K T 99. 0% ,
PO BEfEIERT 96. 0% . BEFEAILAL T 3 % AL O
T w0 RO 26 4 D CHP B 6 25 oy
1.0 h™", JRJZIREEH 100 C, RV E S 3.0 MPa.
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ly modified titania-silica aerogels for the epoxidation of

HMS Mesoporous Materials Containing Ti Catalysts and the Research
of Their Catalytic Properties for Propylene Epoxidation

DING Lin, JIN Guo-jie, GAO Huan-xin, HUANG Zheng, KANG Chen-jun
( Shanghai Research Institute of Petrochemical Technology, SINOPEC , Shanghai 201208 , China)

Abstract; Ti-HMS and Ti/HMS catalysts were prepared using hydrothermal synthesis method and the gas phase ti-
tanium tetrachloride (TiCl,) grafting method. Characterization results show that the samples still keep HMS ( Hexa-
gonal Mesoporous Silica) mesoporous material feature after gas phase TiCl, grafting, titanium ( Ti) species mainly
exist in quadridentate active site form. After methyl grafting treatment of catalytic materials, the surface hydropho-
bicity increased. The results of propylene epoxidation reaction showed that SN-Ti/HMS has higher catalytic
performance. In the 2 500 hours of stability test, hydrogen peroxide isopropyl( CHP) conversion was over 99.0% ,
the selectivity of propylene oxide (PO) was over 96.0% . The process conditions of epoxidation reaction were re-
searched and optimized. 30% CHP was used as a raw material, CHP weight space velocity was 1.0 h™', bed tem-
perature was 100 “C , reaction pressure was 3.0 MPa.

Key words: HMS mesoporous molecular sieve; HMS; silicon alkylation; propylene epoxidation



