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BTESE) fE A HLEEN, 64 Ti BAn RS Ok
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Fig. 1 Scheme of synthesis routes for Ti-PMOs
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1.1 FELI##

= By St B ) Pluronic EO,,PO.,EO,, (P123),
M4, Aldrich; 1IEAERR LR (TEOS) , 7 tfrali, 74
Pefb TR A BRA 5 1,4-O S E B AERE) (1,
4-BTEB) , sr#frali, Jb it m RSEEHHABRA A 5 1,2-
SRR O KE(1,2-BTESE) |, Jp#rali, Bl
Ftb 2 S B AR A R 5 ARBR DY TG, 404, K
el B AL A R A A RO K, abral,
TR TA R F; BUT i H =, 70% 1)
ke, Aladdin.

1.2 EUeFIFE

1.2.1 Ti-SBA-15-H #l%&4#  ¥2.0 g P123 fi
A 30 mL(2 mol/L) £hFR VAW 1 15 mL H, 0, 40 °C J
FUpiHE, 2 P123 B2 f#; A 4.12 g (20 mmol)
TEOS, 7£ 40 CRIZI3+E 6 h; A 40.1 ¢ H,0, /K
WL (30% ) FREWE 5 0. 27 g(0. 8 mmol ) £KiR
PUTHE. 12 mL SN EE; RG4S 22 h, 15
FBARYI T FHRAS W AR LMK E
£ 100 C T4k 24 hy B 98 A avisE, AT
IKUER, SRIGTE 80 CF EAS T4 12 h BEIAGRIAY 2
BB 1 g RESIA 200 mL Z AT 1.00 g 37% [
R, 75 80 C Tt 24 h, Frig= ¥, 7 100
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C N4 24 h gk Ti-SBA-15-H.
1.2.2 Ti-SBA-15-ben | £ i & ¥ 2.0 g P123
T 30 mL(2 mol/L) Eh R 1 1 15 mL H,0, 40 °C
FIZUEE B, & P123 SE W fR; A 3. 12 ¢
(15 mmol ) TEOS #12.01 ¢ BTEB(5 mmol) B HLIG
PURGHEDR, 76 40 CRIZINEHE 6 hy MA 40.1 ¢
H,0, /K% (30% ) T BE@ H s i m 0. 27 ¢(0.8
mmol ) BKFR U T i, 12 mL SN ; IR G W4k
FE22 h, FRIECRYI BT ; FHE G P AR M
K, 72100 C 24024 by 81 HATIE,
LB FKUER, SRIGHE80 C R EA T 12 hy L
PR 25 R R F B BR Vs W 2 B, 1 g RS A
200 mL ZEEf 1.00 g 37% HIELER, 75 80 °C Ttk
24 h, Frig =Yyt ug, 16100 CF T4 24 hidhy
Ti-SBA-15-ben-H. 2 i Ti-SBA-15-ben-H A& i )7
2, HETEG MR A IIA H,0,, FrSFEsicHh
Ti-SBA-15-ben.
1.2.3 Ti-SBA-15-et fl %4 ¥ 2.0 g P123 fi
A 30 mL(2 mol/L) £hFR VA A1 15 mL H,0, 40 °C Ji
ZURiRE, & P123 522 TiA3.12 g (15 mmol)
TEOS 1 1.73 g BTESE (5 mmol) 75 ML ICHLIR & ik
I8, 7540 CRIZUBEHE 6 h; fnA 40.1 g H,0, KiF
W (30% ) TEEfE 5 1%/10.27 g(0.8 mmol ) EKFR Y
THR. 12 mL S BE; RG4S 22 h, 153
HEARYI L ; FHRA P ARV ARk e, 7
100 C R4k 24 by g B ETiE, HEBFK
VRV, SRIGAE 80 CTF ELAS T8 12 hy UMY 22 BR
KBRS W2 B, 1 g B im A 200 mL £ AN
1.00 g37% (LR, 1£ 80 C HH+k 24 h, Frig =4
1, 76 100 °C F T4 24 h ig g Ti-SBA-15-et-H.
Z M Ti-SBA-15-et-H G M, HOEER B
HFORIA H,0,, B8t ahic l Ti-SBA-15-et.
1.3 IR

K NOVA-2200e Y Wz R ASCI 2 i 40 5 19 N,
W BB BAT SR 2R, A1 BET 33153 th 18 X, BJH
TR M FLS5 4. % I ZE [E nenno Jarrell Asch IRIS
Advange 1000 Y JBGHH 75 55 2 1A & S5 3 {3
AR B SR, SR H A B UV-2550 5250 A] DL
Mo GEETE, B AR S k. 20 AR G5 i
SR 1 2 [ 440 i 42 [ (1) Nicolet-380 7 {57 2T 41 6
AN IS HT R ] E R )20 W] TG/DSC-1600
LI AL. R H A i F k=X & 4t (JEOL)
JEM-2100 {7 6 g 53 HE 32 AR

1.4 SR HEN R T

¥ 1.31 g RO K5 (0.016 mol) F116 mL Z i/
A S50 mL [BEREH, BEIIEHE, SR IA 0.24 ¢ fi
{65, A 2.06 gTBHP(0.016 mol, 70% /K¥HK) |
He B BORAEM A AR E] 70 °C, 5@y K [l .
SRS b5, B S i SN AT R 3 2 A
LHEAE 7890 SR IE M 451 (AL DB-1701,
Kl g : FID; LR, 260 C; kil = 7
260 °C; RHIFFF TR, 40 CLRFF 4 min, FERITHE
2% 30 °C/min F+ 5 160 °C, {53 1 min, SRH %
VB AR E &

2 BRI

2.1 ZIMRAE

SEHMAT LI S (UV-Vis DRS) 2 0F 5 4 I 78
e AR EE T B — iAoy, 210 ~220
nm DI @ T RO O ) 4 Behs Ti B rL 5%
¥, BP0 S 4 B 09 i T R AR A2 T 210 nm
B30T T R RS 4 FCAS (2 Si-O-Ti-OH) [0 U i) 220
nm ZEA A, H SN B 6 BCAE Ti MR AE 240
nm fFT H I, 270 ~290 nm BRI AYIEI S TR
(6 2 8 BCALAY Ti PyFk, T7E 330 nm 3L (Y04,
WA & T RLAR /DTS nm 2y B TiO, f
R 2 R, R RS, BRI
A5 BITE200 ~ 220 nm b H L4 BT 1) 45
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Fig.2 UV-Vis spectra of different samples
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FERLAE 210 nm ZEAYFRFIEIETE 2, 7E 330 nm &b i R
— AT A R s, TR SR AR A AL S R AR B
KB TiO,, 2 B RS K 1 A AR T & FE A %
PMOs H1 Ti ffj#52%. Ti-SBA-15-H ¥E i B SR TE 220
nm [HEA 4 Hrek g, (H7E 330 nm B 05
LMLKW A e o AR B
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Fig.3 FT-IR spectra of different samples
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O 7 BB S U e S L S 7 i /AN i = 2 <
2.3 REYIBN B RAE
Bl 4Ca) TRT LA BT # RS SB0IV R0
FiaEsk, EMA A FLE5H. FEMIX R ) P/Py =
0.45 ~0.75 Z[a], Ti-SBA-15-H K A — 4 BEUS 1
W BRHEL R EBR, A HILIE AT & i RE b DB T A X
o, VLRARE S A B P IFLIE 548, LEAIXT R )
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AN H3 BTG 2R, 208 H U PR AR R 2
(B E AR B, TR T 88 BRI FLES . B2 2 3%
B 3% AR i Eb 25 a0 BRRN L 28 R R S 1 B s
FEH R LI R BK R ORI 55, BRI R PLAE FE
AR 22 (8] B4 255 R0 T3 055, AT ol A Al 551 2 B B2 1)
BRI, #8%F BTEB, TEOS Y5 BTESE (¥ /K fif 46 &
A AN IARUEIK G, BRI K i
BRG] , AR TR B, BRI
AR F A IMARER K AR S A BN, LR R
TR A 6 BRI K A RN — B, B R4k TiO, 1Y
A AE H,0, IS BRE S LRI/, B3R 1 AT Lk
Fih, BAA WU BB & 0 RE S AR XS T Ti-SBA-
15-H, R RA BN, A LR R
EMFERTEFLAE .
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Fig. 4 Nitrogen adsorption/desorption isotherm (a) and Pore size distribution (b)



A ALAHURE A 48 S AR ALER O SR Tk S b 139

%2 NG T BARRE S LR ENE T
% 1N, YBEHEES
Table 1 Nitrogen physisorption parameters
Sample Auer/ N4 &/nm
(m* - g") (em® - g™)

Ti-SBA-15-H 771 1.170 5.665
Ti-SBA-15-ben 768 1.648 5.640
Ti-SBA-15-ben-H 619 1.289 5.638
Ti-SBA-15-et 961 1.957 5.673
Ti-SBA-15-et-H 813 2.497 4.957

2.4 RERIE
K5 srRRaR £ 30 ~200 CHA FTEBIR, XE
SRR Al R IR AR BT 2L 200 °C LR 2K H

ol LA e A 09 i K PR fiE, Ti-SBA-15-H O
10.00% , Ti-SBA-15-ben Jy 13. 56% , Ti-SBA-15-
ben-H #y 10. 93% , Ti-SBA-15-et Jy 28. 67% , Ti-
SBA-15-et-H 4 7.90%. iI& 5(b) Al 41, 4
SERTE HORE b AR T S AT 1 B R Al 7 30 ~200 °C
U 1 DAY 4 2 TR i B2 W A, TR T AR A
AKPE SR T LA IF B, A BURUK S, b 1R
200 CRARTAYRH RA BT B R, B L 2 o
AU 5 BB bty EE AR IR i 7K P 5.
M 200 CTHEF] 500 °C B4 B 45 TR )
ARG B L2 BR , R I AR i 7 BVE FRl P 2
WEE ) 5k 2 25 T LRI R i, R R B Y
MR S R, XAl I LT SRR AR 45 SR
ViEEs

6.0 :
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Fig. 5 TG diagrams (a) and DSC diagrams (b) for different samples

2.5 XRD R{E

HITE 6 nJLIZE HY, ARG A (100 ) fb 147 5 440
T AL UL, EIRE Rl AR R A T o2 B A fL 2 HY.
H, ALK, AT 1 AROAF: i £ AR A S e 114
SR BEf e, RWHEA P PR TR X FE Rk
BRERZACATRE, IMABURIK G, FE A 7R AL Y 55
BEOA 58, ST H,0, 7RSI B AR Il
SRR AVE T, SEPR bS5 R ] 5 B K A
BEE, WA T OTiO, BYAE AL, M T AR A R
PEUL H R 2 WA, A R LI B2 T RE
Ti-SBA-15 Jp-0ii 1) BEJE I AN W] 2., 3t ik — 2543
WA HLAE AT B 25 E A T o T i FLEE P H,0, 1Y
A, XS FLBERJEREL ™ 4 T —E R, XS54
PLEE B 2 AR LA .
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Fig. 6 XRD patterns of different samples
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Table 2 XRD analysis results of different samples
Sample 100 o/ nm d/nm D/nm
20 d(100)/nm

Ti-SBA-15-H 0.97 9.51 10.56 5.67 4.89
Ti-SBA-15-ben 0.83 10.70 12.36 5.64 6.72
Ti-SBA-15-ben-H 0.84 10. 60 12.19 5.64 6.55
Ti-SBA-15-et 0.90 9.85 11.38 5.67 5.71
Ti-SBA-15-et-H 0.91 9.75 11.25 4.96 6.29

A1=0.1548;1=2 d(100)sinf;a, =2xd(100)//3 ;D=,-d

2.6 TEM R4E

HIPE 7 ATLAE H, FERE B 2R B e A L A
HolAGIEE TIa, HEM A FPERA TR,
AJRER B T LI REEE AN IE S A K . S

T R S R 2 T 57 L 558 i DR T 2 W) /K Ak 4 5 2o e
TEZE AT R0 25 10 A PP R4 T, 2 2 A B4 AL
FLEAE G A TCAE B R, DTS Wb R A 4
PBIRAIERE L A P L LB 2 CHERIRE L LT, 3X

7 &R TEM &%
Fig.7 TEM images of different samnples
(a)Ti-SBA-15-ben; (b)Ti-SBA-15-ben-H; (c)Ti-SBA-15-et; (d)Ti-SBA-15-et-H; (e) Ti-SBA-15-H

SRR XRD RALLRANY) 7
2.7 EUF B R BT

FAEATREIR O A SO AL TR fE
PR A RN 3 s, AT I 1CP 0 A9 Bk
SRR, Sl &R P ImASEK S, B
YA BTN, O m IR I R R R, B
Hh Z TR A AV BRAR R T AR AR A, (H

ARIENFTERE i 750 O M S A0 SR AP 10 3 1 1 A A
i, UL SRR K VR A LR AT A R T
TR Ti B2 Mk R, 1 2R R R LA 1 A R
HEAC PR C AR 4 SR AR b 8 44 S 31
HIC KN T, HOIEIFALRN 26.9% , IEFF
CREmIEEEIE N 32. 8% , 28 CEEATIE R RME L
(14 B2 IO LM PR ASE L 18 S8 A S IO 7= 02 - 3 2 0 - 1 - Bl
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Table 3 Catalytic performance of different samples in cyclohexene oxidation reaction

Selectivity/ %

_— Ti Conver.

/% /mol% ()0 Qoonu (—on (o Q\O Other
(0]

Blank 0 4.5 0 43.3 0 19.1 27.7 9.9
Ti-SBA-15-H 0.23 12,9 8.3 50.7 1.6 21.9 5.8 1.7
Ti-SBA-15-hen 0.13  19.6 38.5 6.4 0.3 34.4 6.3 14.1
Ti-SBA-15-ben-H — 0.31  26.9 32.8 0.4 0.3 31.5 33.8 1.2
Ti-SBA-15-et 0.19 8.5 12.7 7.8 3.5 41.2 19.2 15.6
Ti-SBA-15-et-H 0.81  10.2 8.9 8.5 3.7 50.0 15.7 13.2

Reaction conditions: n(cyclohexene) : n(TBHP)=1 : 1, m(catalyst)=1.57% m(cyclohexene) , CH;CN 16 mL, §=70 °C,

t=5 h.

HE, RO IELRN 10.2% , FREIC LRk
FEVEAL N 8. 9% , M 2-3F C -1 (14 3k 5 1
50.0% ,3X I REAE T i 8 vh R B i (A o A B
Z 1) o) 2 FENTEVEER, TE6 Bt B G oR B A L
T R R LA B T el AP DU T R TG Lk VR ) 7 fie sk
JERRBICHC, A R TR T LA AN T Uk A3
SEkg, DTSRG 43 B T8 47 M 5 2 5 1 4 Ak
WEPEAL S i, AL AL SO AT, T e
LI AR FCRCRAS WAL G, A5 S 4211
BRER I3 HE UBBRAMEK, AR AR AR e, PR A
CL s BB AL SRR3R S8 30 O ot (1) 358 B A R AR

3 &g

PLT,4-(CC A SRR RE ) A (1,4-BTEB) F1 1,2-
S CRSERERE O BE(1,2-BTESE ) /A7 LA i it
LA Pluronic EO,,PO,,EO,,( P123) A 55 78 1R 14 2
BE T KNG 1 R L0 & AT 1 A BIL- TPl 24 ik
I ALorF0t, A6 LVERIR DU T lE M BRI B 2% Ti 3
FEr, A H, 0, 8755 BRIFK i 58, A ) T4
i B RE 4 M AOIS PEBR I A i, A AR i
FEG I SRR, (H ) 2288 15 TR L AE SR O
I ST SO P B B R AT M, B SR PR
SRME A B K PR AT AR ST I A RE S AL O PR C 0
AL SN v XU R A = M) BR SR A e Y L 151 B
1, CHFIE RO RE i T2 LU N A A 7 ol £
20 T AR B S8BT 2 1) & B FLA LR R
il # R AP LA b R i T, A B
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Ti Incorporated Periodic Mesoporous Organosilicas Bridged with Benzene
or Ethane Group as Catalyst in Cyclohexene Oxidation Reaction

YUAN Pei, HUANG Yi-bin, YUAN Xia, LUO He-an
(College of chemical engineering, Xiangtan university, Xiangtan 411105, China)

Abstract ;. The Ti incorporated periodic mesoporous organosilicas with benzene or ethane bridging groups in the me-
soporous wall were assembled by using mixed tetrabutyl titanate as the titanium sources and tetraethyl orthosilicate
as the inorganic silica sources and 1,4-bis ( triethoxysilyl ) benzene or 1,2-bis ( triethoxysilyl ) ethane as the organic
silicon source and triblock copolymer as the structure-directing agent in acidic media through the hydrothermal
method. The benzene-bridged mesoporous organosilicas and the ethane-bridged mesoporous organosilicas were
signed as Ti-SBA-15-ben and Ti-SBA-15-et, respectively. Meanwhile, the hydrogen peroxide was added to adjust
the hydrolysis rate of tetrabutyl titanate and got the sample Ti-SBA-15-ben-H and Ti-SBA-15-et-H. Samples were
characterized by N, adsorption / desorption, FT-IR, ICP, TG-DSC, UV-Vis and TEM. Results showed that the
benzene-bridged mesoporous organosilicas adding hydrogen peroxide during the synthesis process can maintain the
best mesoporous structure and the highest activity of four levels of titanium in the mesoporous wall. The periodic
mesoporous organosilicas were evaluated in the cyclohexene oxidation with TBHP ( tert-butyl hydroperoxide) as oxi-
dant agent. The reaction results were as follows: Ti-SBA-15-ben-H showed the highest catalytic activity and its
catalytic reaction is given priority to double bond oxidation products, the cyclohexene conversion and the epoxy
cyclohexane selectivity were 26.9% and 32.8% , respectively. Oxidation of cyclohexene catalyzed by Ti-SBA-15-
et gave priority to allyl oxidation products such as 2-cyclohexene-1-ketone, the cyclohexene conversion was 8. 5%
and the 2-cyclohexene-1-ketone selectivity was 41.2%.

Key words: titanium; periodic mesoporous organosilicas; modification; hydrogen peroxide; cyclohexene oxidation



