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Reaction Dynamics Behavior of Epoxidation of Allyl Chloride with
Hydrogen Peroxide Catalyzed by Ti-MWW
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Abstract: The reaction mechanism for epoxidation of allyl chloride (ALC) with H,O, catalyzed by Ti-MWW was studied in detail. The
results showed that the epoxidation of ALC is first order reaction with respect to the catalyst amount and is the reactions between zero and

first order with respect to the substrate concentration and the oxidant concentration. For H,O,, the epoxidation is first order reaction when its

concentration is lower than 0.67 mol/L and zero order when its concentration is higher than 2 mol/L. For ALC, only when its concentration is

very high, the obvious decrease of the reaction order from 1 to 0 was observed. And the epoxidation reaction rate is an S-type curve when the

Ti content in Ti-MWW increases.

Key words: Ti-MWW zeolite; allyl chloride; hydrogen peroxide; epoxidation; reaction mechanism; dynamics

WA N LT (ECH) =& Fh E 22 (1) A7 Bl Ak L)
BEFURE 4040 7 i, 77 8 AR T 34 Spe FER 4
W W5, BL Ho0, oA A6, TS-1 A e R M
E NI (ALC) HE N A A & ECH'™. Xt
B P HHT ECH A2 7™ F52 R o A 7 7 1 34 £ ) 728 1)
— A TR, R gkt ikl £ ECH )
PR T EHAR, A& TS-1 A0 AR iR 0 95 248 41
3K — Bl fe ok FE IS ) A ML H bRz —

5 TS-1 —#F, Ti-MWW EH5 H,0, % H g%
AL D5 T IR IR HAL . BRI o A . I )i

Ye#s B HA: 2010-08-16. #EU B HA: 2010-11-15.

Sk T 1 AR R R 1R PR A 2 s R O
HAE ALC HEHAALH BCH v rh 2 80 58 41
SRR R X B T TS-1 LA Rk )
W R 4 (R 3 ECH W FF 38 A sl 7= 410, 9 3
HEREE N R, I Ti-MWW 3% F (109 71 £ 16 % 50 i
SN H

FERT IR ST 45 R b b, AR SV s T
Ti-MWW/H,0, 1& % ALC ¥ %4k ] ECH it F4 1)
JRIAT hy, BT T R N Bl ) 2EHLEE, 13 200 % )
N (1) S DR 2%, AT - R HH e A 3 1) R B C L, BA R

BEZRA: X H . Tel/Fax: (021)62232058; E-mail: ymliu@chem.ecnu.edu.cn
BEERE: HEmEATIRKRET R (863 4, 2007AA03Z342, 2008AA030801); [H K HREFH4 (20973064), - iF Bl ZEH 4

(06SRO7101); [t 1y T s 2= RHel v I H 4 (B409).



334 b

E S

Chin. J. Catal., 2011, 32: 333-339

SEIL T BB m R A X TI-MWW H Ti i
P A AR FH AT T 9120 835

1.1 Ti-MWW 2 F i 89§l & FARAE

KK A B2 A F) Ti % 5 1) Ti-MWW
Oy T IRU Sz T R 30% fek R O Mk 2
A N o Mol 5. Ti-MWW 23 77 (1t A R
Bruker D8 ADVANCE %! X %} £k fi7 4 (XRD) 134T
WHE (Cu K, P4, ARG 26 = 2°~35°). Hr Ti 1)
JRZAKH Shimadzu UV-2550 B8 4k-1] I, (UV-Vis)
AL HEAT M E (BaSO, oh 2 |, WA YE [F 190~500
nm). Ti-MWW 43 7§ i Ti 5 5 K H] Thermo IRIS
Intrepid IT 28 FL IR & 55 B9 1~ 7R R S OGSO e
1.2 ALC R\

ALC A N A 5 1l 0 B #0750 LR (50
ml) AT, Bedi B — BB AR EE, BT 60°C
K. B R Bk S B 8 Ti-MWW 0.1 g,
CH;CN 5 ml (#57), ALC 20 mmol, 30% H,0, 10
mmol. HSAH (L (5 GCI4B &, DB-1 B4
FE 30 m x 0.25 mm x 0.25 pm) 4> #7 7= ) 41 i (ECH
() AE B DL 2R 9 AR 3R AT 58 ), TH S ALC ik
M ECH k1. (3% 5115 26U 45 °C, 1H i 3
min; 30 °C /min FFE % 150 °C, fHI% 3.5 min. [
J 1) HoO, ¥ S8 B IR Bl v 3R A T ¥ o , IR adE— 281k
S HL0, I A 2RI R0RI H 2.

A2 (X), HO, A7 380F H 26 (U) BA KR Y.
W] 10 min I ()P 2 R (Vi) ITHHE W R
X(H07) = (co(H203) — c(H,02)/co(H,0,); X(ALC) =
¢(ECH)/co(ALC); U(H,0,) = (X(ALC) x ¢o(ALC))/(X
(H202) x co(H20,)); Vip=100 x ¢;o(ECH). H 1, ¢y
(ECH) 4 & N5 4] 10 min i ECH F¥# % .

2 GRS

2.1 EUFIBEH

1 AAF Ti & &M Ti-MWW 2 1 i 1)
XRD #%. wf LA H, i) 2% 008 o 2 2 A S 7 ()
MWW $i b &5 8, k531 5 2l AH.

K 2 HARTH Ti & & Ti-MWW 4> 1 (1) UV
i A LUE H, & Ti-MWW 2 T 975 220 nm 4b H
PN, XEHTER O2p UER A Tid

6)
z
g )
R=|
4)
3)
@)
(1)
oo by e b b b
5 10 15 20 25 30 35

20(°)

1 TE Ti #2H Ti-MWW 9 F 5 # XRD i%
Fig. 1. XRD patterns of Ti-MWW with different Ti contents.
n(Si)/n(Ti): (1) 140; (2) 101; (3) 83; (4) 64; (5) 60; (6) 50; (7) 38.
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Fig. 2. UV-Vis spectra of Ti-MWW with different Ti contents.
n(Si)/n(Ti): (1) 140; (2) 101; (3) 83; (4) 64; (5) 60; (6) 50; (7) 38.
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Table 1 Epoxidation of ALC catalyzed by Ti-MWW under different

reaction conditions.

p(Tl-MWW) C()(ALC) Co(HzOz) t

X(ALC) X(H,0,) U(H,0,)

Ag/L)  AmolL) /molL) /min /% 1% 1%

6.67 2.67 133 120 199 535 744
10.67 2.67 133 60 249 604 825
13.33 2.67 133 60 316 722 875
16.67 2.67 133 30 308 714 863
13.33 2.67 033 30 123 973  100.0
13.33 2.67 067 120 240 993 963
13.33 2.67 200 60 303 629 643
13.33 2.67 267 60 350 630 556
13.33 2.67 334 60 369 641 460
13.33 0.67 133 60 695 350 100.0
13.33 1.33 133 60 495 533 929
13.33 2.00 133 60 377 670 846
13.33 5.33 133 120 216 920  94.1

Reaction conditions: solvent CH;CN 5 ml, magnetic stirring, 60 °C.
ALC—allyl chloride.
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Fig. 3. Influence of Ti-WWW amounts on the epoxidation of ALC to
ECH (a) and the reaction rate (b). p(Ti-MWW)/(g/L): (1) 6.67; (2)
10.67; (3) 13.33; (4) 16.67. Reaction conditions: (a) CH;CN 5 ml,
ALC 20 mmol, H,O, 10 mmol, x(Ti) = 2.56%, 60 °C; (b) t = 10 min.
ECH—epichlorohydrin.
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Fig. 4. Influence of H,O, concentration on the epoxidation of ALC
to ECH (a) and the reaction rate (b). co(H,O,)/(mol/L): (1) 0.33; (2)
0.67; (3) 2.00; (4) 2.67; (5) 3.34. Reaction conditions: (a) CH;CN 5 ml
Ti-MWW 0.1 g, ALC 20 mmol, 60 °C; (b) ¢ = 10 min.
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Fig. 5. Influence of ALC concentration on its epoxidation to ECH (a)
and the reaction rate (b). co(ALC)/(mol/L): (1) 0.67; (2) 1.33; (3) 2.00;
(4) 2.67; (5) 5.33. Reaction conditions: (a) CH;CN 5 ml, Ti-MWW 0.1
g, H,0, 10 mmol, x(Ti) = 2.56%, 60 °C; (b) ¢ = 10 min.
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Table 2 Epoxidation of ALC catalyzed by Ti-MWW with different
Ti contents

x(Ti)/% X(ALC)/% X(H,0,)/% U(H:0.)/%
0.71 1.6 19.2 16.7
0.98 4.7 292 322
1.19 7.7 289 533
1.53 13.2 387 68.2
1.62 16.6 445 74.6
1.95 27.0 68.4 78.9
2.56 31.6 72.6 87.1

Reaction conditions: CH;CN 5 ml, Ti-MWW 0.1 g, ALC 20 mmol,
H,0, 10 mmol, magnetic stirring, 60 °C, 60 min.
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Fig. 6. Epoxidation of ALC to ECH (a) and the reaction rate (b)
catalyzed by Ti-MWW with different Ti contents. x(Ti)/%: (1) 0.71; (2
0.98; (3) 1.19; (4) 1.53; (5) 1.62; (6) 1.95; (7) 2.56. Reaction condi-
tions: (a) CH;CN 5 ml, Ti-MWW 0.1 g, ALC 20 mmol, H,O, 10 mmol
60 °C; (b) t= 10 min.
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