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¥ 7.23 g IEH/NHHEDA)IAH 63 g 21K
1322 g LWELEPIHS T, 1E 50 C FHiH- R IE
A A; K a BERIH 2 = H AL (MTMOS)
F10.68 g 2R T BH(TBOT) i A 6 g 5 R RERT b BE IR
IERERR CFR(TEOS) AL AR A 3, Hidr 30 min,
TE A B i B S22 (BIN W A TR, i 18 h,
UE, VB, {E 110 CTHE 24 h, )5 {EH SRR
A EKE AL R R 1 b, T E, PR,
FAT AR 6 IR, UEREAE 110 C R T 24 h, o
7E 300 C FREKE 8 h, I fic A Ti-Me-HMS-x,
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il MTMOS JIT o [0 B R g, 43934 04 0.1, 0.2
F10.3.
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SR SOV SR AE N AR R 2 om A B2 b AT
(), FH A A R P T e B ﬁEEkFJJu%%@. ¥ 2 g
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SITRASKE 2 h, AR5 A SWFT 2 h AR &k &
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AL FIH 2 R Wt 1 FoR.
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XRD: i il i % Philips 24 7 X Pert MPD %! X i}
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0.15418 nm, & HL & 40 kV, ¥ HE 30 mA, F1453H %
2°/min, i EEH 1°0~8°.
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REAEIRAC e, DADY F SRk A 2 L.

AT A H DuPont #HTAX, FALEIHT IR,
RS FEL 20 C/min MEILIZEHIFHE 1000 C;
DTG & TG 57 th k.

JCE N BRI Ti & &= 2 76 52 [ 7 Thermo
Jarrell Asch IRIS Advange 1000 %! ICP-AES 13 #% [k
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BEBTE 1%LUT, BrUUARSC % B A IR e RER
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(Ecup)®1 CHO IR FENE(Scno) 73 il Xk
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Ecup=100% x ([CHO]+[CHD])/([CHP], — [CHP])
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JLrh, [CHP], F[CHP1> 5K 3 S WA 4f A0 45 H (1)
CHP ¥}, [CHOJF[CHDRZR AL SR S FF CLfe FH IR
L B R (mol LY.
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B 1 Kb XRD Eig. 1, Ti-Me-HMS-0; 2, Ti-Me-HMS-0.1;
3, Ti-Me-HMS-0.2; 4, Ti-Me-HMS-0.3; 5, 3Me-Ti-Me-HMS-0;
6, 3Me-Ti-Me-HMS-0.1; 7, 3Me-Ti-Me-HMS-0.2; 8, 3Me-Ti-

Me-HMS-0.3

1M 20 LA PTG, ATREZ P N 51N R R e
(CH,Si-O) i 73 1 i i W Z B b BT 8. 5346, A
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FHLEE ML BT S
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X 3 (PIPo)IX — NG K E, %I i HA M S s
AL, S8 TR KM LRI (R 1 Fiw),
X A] g = AR RS A R K AR I A ) R R
FEAE H ARG A 0 R R R 1 22 FLAE R L 65 B 1 1k
FLEEWC AR FE R B /A e

St S E R LG, PR AR S ORFE T M
1) IV R, fenl JLFLAR RS A BT BRI, W B
IR KEAL, XEHH Ti-Me-HMS 4%k 7 =H
SRR T LR T, ANE KRB, Ti-Me-
HMS-0.1 75 ¥ A% 5 W B & 1) B I 2 B 22/ T
Ti-Me-HMS-0.3 #4% )5 BRI RE B, X n] g A Kk i
TAEABEG R &) SN TR 2 10 31
G, gk B AT DU 3 AR Y R LA o A 2k L
Fr ik, Ti-Me-HMS-0.3 #2457 H 2 )5 e n] JLFLAR T ot
BRI B R IR 2. 54, Gl WA R R, fE
AN 1A (PIPy = 0.99)1R3% J2 W] FLB 41 V4 it 1)
SEER I BEUEFE LB/, 1 A LA EL Ti-Me-HMS (141
FIMAR IR T = FHIERESL, Tl &b I FLFLAR N,

3.3 HUBE(SEMATEM) A

K 4 3545 T Ti-Me-HMS-0.3 £ 3Me-Ti-Me-
HMS-0.3 ] SEM K. MEHaT LA H, B
EA ) Ti-Me-HMS-0.3 5 BLIHCK 2% 11 15 ) Uk,
283 AR 5 Bl TR i RURE 1) K /N R 38 S 12 B e A
TR SO S D SR W L B 7 S s 1 (D 2 e S
Eip-Aln

MBS AFER TEM BHEATLUE H, e keiia
TRAFE 065 HOPR FLIE 45 0 & 1 R B, B LA 1L
gER R 4.

3.4 FTIRZEAE
Kl 6 4511 T Ti-Me-HMS K121 A &I, F22 I Ik %

@ (b)
B 4 Ti-Me-HMS-0.3 (a) I 3Me-Ti-Me-HMS-03 (b)ikht
%] SEM &4
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B 6 Ti-Me-HMS-0 (1), Ti-Me-HMS-0.1 (2), Ti-Me-HMS-0.2
(3)H1 Ti-Me-HMS-0.3 (4)iXFE 1K) FTIR &%

M MK, 5 0 i ug ay LU JE 40 R 3300~3700 cm!
AT DLV A b U B 1) 3 T A R R TR K T B
B R ALIE, 2976 F1 2932 em™ Ak A 3 /S W g e )
SIN L C—H 45 4 sh g™ 1633 cm™ A&
LRI R K I, 1413 cm™ PN 2L C-H
TP E ARSI, 1281 em™ J& Si—CHj (I8 47 Hi 5
Wit 1082 em™ Wy Si—O-Si S B4 4R 5,
950~960 cm™ fIT 4y Si—OH 1 Si—O—Ti [ fig ' 171,
842 em™ I & N C-H 4R3I, 803 em™ b1
J& g B4R Si—O-Si [f 5% FR i 45 4 sh W i U6, 464 cm™
S R RE A 3 ()25, 3 B MR i U 1),

ME IS LA, #1 Ti-Me-HMS-0 %] Ti-Me-
HMS-0.3, B 5IN M H IS =, SRS
5 R AT I B 3738.3300~3700+ 1630955 A1 464 cm ™
A6 U (10 5 5 B B 2 /S, T R R A DG TR R AE 0
2976, 2932, 1413 F1 1462, 1281, F1 842 cm™' 251k
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oSS SRR Y 8 . X UL L A S I E] Ti-HMS
iR, IF BB FE S B0 N, Ti-Me-HMS #4 %}
(PG P3G . [FIBE ABR, fF H S LA, 955
em™ KbUEIBEIE B, Bl A RO S R N, DG a5
BB IE A E 945 cm™, X & g AL %
Si—O-Ti ] 940 cm™' AT JE Jy Si—OH (1] 969 cm™ fff
AN SN, oI NHIEJEE Si—-OH & TE Rk
(Si—O-Si);CH; M I {# 969 cm™ W i (441G, 25 FAd
B INE 960 cm™" BHUD A GER E FRAR I E HL I 2 AR 3L
B,

7 B8 T 3Me-Ti-Me-HMS (KL A& . K]
Hf DUE Y, St SO S G, AR Si(CH,); 11
FEER SIS T B2k )8k Si—C H4iiR3)
f) 750 cm™ . Si—CH; ) 850 cm™ LA K2 JH & ok C—H fif
iR BN ) 2932 F12976 cm™ Ak [ W AL U #8 L A i 42
i A T8 B 1 5, X BB R = LR O
PR E T Ti-Me-HMS [ mt> >,

3.5 ”Si CP/MAS NMRFEAL

h T AP R RS AR #EN Ti-HMS
M4, K8 451 T Ti-Me-HMS-0. Ti-Me-HMS-0.3
H1 3Me-Ti-Me-HMS-0.3 f] *Si CP/MAS NMR . fif
H B R : =109, =100 A1-90 ppm 247 1 =/
W oy ) R = FpOR AL A B ST T, B QY
((Si0)4Si*). Q® ((Si0);Si*~OH)F Q7 ((Si0),Si*—
(OH)»)™ 13; —63 F1—-54 ppm /™16 I & Ay 75|\ [y fick Y

€
8
c [ H
£ I { 1388 '
E 40 I
g |i1268~1286
g [
[
20.] ¥/

0 T v 1‘ T T T T ¥ T T T T T 4
500 1000 1500 2000 2500 3000 3500 4000
Wavenumbers (cm-1)

B 7 3Me-Ti-Me-HMS-0 (1), 3Me-Ti-Me-HMS-0.1 (2),
3Me-Ti-Me-HMS-0.2 (3)F1 3Me-Ti-Me-HMS-0.3 (4)ikFERY
FTIR &3

K& HH T 5 R TR B2 40 B P AN [V 17 T 9 i 3 [,
Bl T3(MeSi*(0Si);) Al T*(Me(OH)Si*(0Si),)"'" 19 14
ppm VA JE 5 3R AR SR A = R RE S,
(CH;3)5Si*!7- 31 KB 8 F1& 1| WUUEL, % T
Ti-Me-HMS-0.3, 3 Q*/(Q*+Q*+Q*) 1) b 18 %2 Lt & %
B LR Ti-Me-HMS-0 %%, BUI5IAFISE Q°
ML RN, 45aEP g T M T 0, aTLUA
A G R R C 4 BE N Ti-HMS R 28,
[l I B & BR, Ti-Me-HMS b A7 41 24 8 (1 Q> Al Q°,
X TR R AE A it B B e BURFH 3000 C kT e
Mm&AEATEmE ke, BTUW R Z R
(Q’((Si0);Si*~OH)) il 25 £i7 (Q*((Si0),Si*~(OH),)) 1
R, SSRGS, 76 14 ppm A H L
) 3B e D) g B = PR RGeS L0 L SR Ak PR S A T
JE J8.(CH;)3Si*—0(Si0);" 1. [A]isk, MK 8 F1 1
WA LA, Ti-Me-HMS £ ~UMBAL 5, Q* F1 T3
PR T8RS, XUl AR G T KR
(ORI ES e

3.6 MHEHH(TG-DTG)

K 945 T Ti-Me-HMS-0.3 1 3Me-Ti-Me-HMS-
0.3 /) TG-DTG 4r#rihdk. — e, SRS T
7 P ARty e v U R

/NT 170 °C BA A IR 9k 43 0 A R0 R B
KK 2B 230~400 C 3 [ 1) 2 75 4 4 2% W B 7K RN 5%
B A HURERRRI (T 75 O I 3 i I B s 400~700 °C

i -109(Q%)

50 ' 0 I —]50 I —1[00 ’ —1[50 ‘ -200
Chemical shifts (ppm)

&l 8 Ti-Me-HMS-0 (1), Ti-Me-HMS-0.3 (2)F! 3Me-Ti-Me-

HMS-0.3 3)IXFEN Si CP/MAS NMR & 3%
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AtFUE S TR BB K M E S S Ti-HMS AL 7O % . RAEAHE A B

1nn 1 1 T T T T T T 0'06
(a)

9. 0.04
~ — L0.02 D
£ o5 £
g | 0.00 5
5 94 :
2 L-0.02 %

=]

92 4 | _0.04

90 1 1 T T 1 L] L} 1 _0'05

0 100 200 300 400 500 600 700 800 900
Temperature ('C)
100 1 T T T T T T T T 0.06
(b)

98 4 -— 0.04
—~ 0.02
® =
< 96 &
g 1 000 £
= =
5 94+ :
@
= —0.02.%

o

92 4 ~0.04

N T -0.06

0 100 200 300 400 500 600 70O 800 900
Temperature ('C)

B9 Ti-Me-HMS-0.3(a)F1 3Me-Ti-Me-HMS-0.3(b)i Ff 1) #4
H(TG-DTG) £k

S TR (1) 2R 76 Ok 1B N 23 1 0 4 1) PR RS 1 P 0 file R A
AR BR; 700 C LA (10 2% 35 ) Ay 4 0 3 T 48 5 (1) 4
G EQT T

MBI F AT LU HY, Ti-Me-HMS-0.3 173 #4455 i
Zrh 400~700 °C o [ Wl B SRR 5| N4 0 B
24 4f 3Me-Ti-Me-HMS-0.3 i £k i% 70 [ & L il &
BURVFZ, W A AR LR = F L RE LB 5] N4 T
B e 1,

J T R — R AR A RSN H & R
MTMOS # kb5 1484k, ¥ 5 <A 2B 0T 5 1
Ti-Me-HMS H1 3Me-Ti-Me-HMS W 41 12 4¥: 110 4 7 11l 2
H 400~700°C i il 2k o6 BORH R R x AEAE R,
10 s, WA LLE Y, fE G K Ti-Me-
HMS (AR, 51N Sl ) Hh F 366 1) 388
MmN, HOCREAR R CR, MG SRR
Z%1 3Me-Ti-Me-HMS £ H, B ARG  EHIFE
AR, IXATREE N x BN, LRl Ti-Me-
HMS-0.1 PR Z MR BG4, WS K& =
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7.5
2
.-
6.0- .
® . ’
g 45
5 3
3 —
3.0- 1
- .
A
15
0 5 10 15 20 25
Me/Si (%)

BI10 KE 55 8 400~700)ELEL. 1, Ti-Me-HMS Z51IFf
MR T 2, 3Me-Ti-Me-HMS 2 51 BE b 1) 2 T 45 3,
Ti-Me-HMS 5 3Me-Ti-Me-HMS ZFIFE 5 2k T B 2518

AERERRBE S, 128 x BORIN, HRRET AN 2,
WEFR LG A RIS AR, R I, A5
B gl NI = O Rk S A XA R 5 1
3Me-Ti-Me-HMS 1t J5 SAHBAL T 5 51 I FH L 2
MZEE M TR E—8U, BRg R, HEs
J% Ti-Me-HMS 51 N 43 1 0 B 42 1) FY 0k i B
MTMOS HkHE N n, AHNH, &R 5]
NI = B e I 8 ) i 2 9 /D>

3.7 FROKEEE

MF 1 A LAF H, Ti-Me-HMS-x (x = 0.1, 0.2, 0.3)
I K R LA LMY Ti-Me-HMS-0 BHMRBZ, it
B D A7 6 e G i 300 3 B v T AR A AR ) K P
B BORE R AR 2 (o (ED ROBE N, A i R IR K
IR, YO SN F R 2 5 B0s K R
Wik, 5 R TS R A
Bekli = WHLREIL S5, 3Me-Ti-Me-HMS {1 /K H Kk
P8C/D>, U B A R R A e B — R R B 1T Y R,
I A — DR T AR T B K .

T E S B R SRR 1 S SEK SR
MPER A, BO11 45 T A Ti-Me-HMS-0.3 F
3Me-Ti-Me-HMS-0.3 7K I AE 7R A&, A ]
., 3Me-Ti-Me-HMS-0.3 JL T~ 4= ¥ i V7 7E /K HI, 1M1
Ti-Me-HMS-0.3 il KB LUK T . #H
Ti-Me-HMS-0.3 & w58 K PE I, 1 JG AOAH #e k% )5
3Me-Ti-Me-HMS-0.3 07 {EH 55 1K 5% /K PE G i) 5
IR B ).
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B 11 3Me-Ti-Me-HMS-0.3(1) #1 Ti-Me-HMS-0.3(2)ikFE7E
K BIFAERES

3.8 TTZE/HICP-AES)

1 BoR, Ti-Me-HMS-x ££5 FH 1) Si/Ti {4 bt #&
BOREA xR RN 42245 1 B 6 V0 189 0 v 5 Tk /S, UE A
Ti & B 5N A8 nmo A 88 . Tgarashi'"!
7E%F Ti-MCM-41 347 J5A7 8247 K HE R Bhaumik!'*'7E
X Ti-MCM-41 SEAT A7 He ke FEE M wE 5L h #R R L T
X%, S SR S RIS, T S RE T
Wb, X BARIEY Ti-Me-HMS £33 44 o 389 K
T SiME.

3.9 DR UV-vis#1E

12 FIE 13 2RI T Ti-Me-HMS-0.1 1
Ti-Me-HMS-0.3 “AHHZ AT G DR UV-vis K] 3%,
ME SR LLE Y, Ti-Me-HMS-0.1 1 Ti-Me-HMS-0.3
YIFE 217~220 nm P A — R, AR DYBCALT)
Ti Yk, @ “HER G, ZIER#E 2 212~215 nm.
MG Pedial A s, 3% 3L KA TR (opened) VY
BEAr Ti (RI(Si-0)3-Ti-OH)AZ fil 1 F1 R PU RS A7 Ti (R
(Si-0);-Ti-OSi(CHa)s) i i UV P2 E RS 4. 74k,
20k A A M DL D A o R RAAIG, TRE S
FE R T A i AR ST  mBshn  Zag .

3.10  fifbikag

M 1 ATRUEH, BERCE T x AR, Ti-
Me-HMS ] CHP ¥ AL RAA B, 2200 Ti &
HAEHPTRINM S . S SR = RS,
3Me-Ti-Me-HMS {35 7 (CHP 4446 3%)FIl CHP 13 %50
U P, X E2REFE Y, Si-OH Fil Ti-OH 4
ekl = FOOLRESL 5 (REBT T T & &89 sk b 7]
VE R BRYERL-OH ¥, 3%k /> T CHP [R5
fift. IR R I, 2t AN A b )5, 3Me-Ti-

Me-HMS WA ek £ 0 1T 100%, UL )G
PR AOPE S A7) () R T S KM ORIk R 1 1)
SROKPERE), Bk T B AL IR R NI R A
T v T AR R 3 B, DRI T i 2% T {1 )
[ I m e R 7 B B e SRR 1Y 3Me-Ti-
Me-HMS ¥ PE(CHP #4053 mfE 5 - A IR K,
X A] BE S PR A JE 4 KL BT Ti-Me-HMS 1 Ti & S ARG
Sl DRIk, e L A v A gy R RE PR
D BEAR TAE N0 BTN 2.

144
1.2+ 55
1o
0.8

8 08

0.4

0.2+

0.0

200 ' 360 I 4]00 I 500
Wavelength {nm)

B 12 Ti-Me-HMS-0.1 (1)F1 3Me-Ti-Me-HMS-0.1 (2)i& k1)

RHMEE

16

1.4 g-—21a
1.2}
1.0-
w 0.8-
2
0.6

0.4 -

0.2 -

0.0

200 . 360 . 4IIJU . 500
Wavelength {nm)

B 13 Ti-Me-HMS-0.3(1)F1 3Me-Ti-Me-HMS-0.3(2)iR k1)

RAHMEE
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AU SR R S L Ti-HMS 9L T4 . RALFEAL L fig
R1 AT AR
Sample number Si/Ti (mol mol™")  Sper (m*g™)  D”(nm) VWiemlgh H?(%) Xcur (%)  Ecup (%) Scuo (%)
Ti-Me-HMS-0 79 -9 - - 19.2 64.3 93.4 97.5
Ti-Me-HMS-0.1 73 1144.5 2.10 0.632 13.5 66.4 93.0 97.6
Ti-Me-HMS-0.2 68 - - - 8.1 68.8 92.8 97.0
Ti-Me-HMS-0.3 64 1197.5 2.04 0.664 7.0 70.7 92.6 96.5
3Me-Ti-Me-HMS-0 117 - - - 0.08 72.1 99.3 100
3Me-Ti-Me-HMS-0.1 110 1060.2 2.08 0.615 0.13 74.7 98.0 99.8
3Me-Ti-Me-HMS-0.2 103 - - - 0.10 77.1 99.5 100
3Me-Ti-Me-HMS-0.3 99 820.3 2.04 0.418 0.10 79.6 98.0 100

a) Average pore diameter; b) pore volume calculated from BET measurement; c¢) hydrophilicity of samples measured on basis of the method in

Section 2.3; d) —, not measured.

4 g

K ERER 4 lRS — A T R AL L (MTMOS)
LR A VLA R Bk FHE ) Ti-Me-HMS 4311,
G SR B ot SEREAT He by — F SRS Ak AL AR 1T o4
PE, RAF i BE B AR I A L 4 07 {46 77 3Me-Ti-
Me-HMS.

FRALLE LW, SR Ti-Me-HMS HAT #1741
A FL &5 R R AE RV o 1R 2R T K P, 2 i SO B
SRS, LR R — e B BRI, Ay
FLE TSR ORFE, Bk k15 2 — D4 .

ORI EAL AL VE S5 IR 1, G S A

ke = W IERERL S, 3Me-Ti-Me-HMS {35 11 Al & £6 1
Lt Ti-Me-HMS i8N, X &Ky, el 17
Al VE N R PEAT 1 Ti—-OH #1 Si—OH ¥, #4hn T fit 4k
FIZRHH K TE, #H T CHP HIICR AR A AL
Y TEIN N, AT AE LR T AT 1 2R o R
BT LRg R, ik s st it — 20

HEN B =AM 1H5E, SUbE AT B,
AR AR R e A BRI RT3 R oD Ti ik 3G
W, R ARA T B, 38 0 3R Ak R SR R AL 4 A
FRBE, M A AL B IR 56 =, WA HRTF
B 5 vaa v e 1 o | A T RE 2 41, s
By R E . R FNEIESE, nTEERAS RN Dh R L.

i ATEBETEE AR R R (F AT E)09210221022D) F T B & R E T B AR FAF K i+ R T E
(2009B150025)% By, 4% itk Bk 4t
e =P U N
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Preparation, characterization, and catalytic performance of a novel
methyl-rich Ti-HMS mesoporous molecular sieve with high hydrophobicity

LI XueFeng', XU ZhiHong', GAO HuanXin” & CHEN QingLing’

1 College of Chemistry and Chemical Engineering, Xuchang University, Xuchang 461000, China
2 Shanghai Research Institute of Petrochemical Technology, Shanghai 201208, China

Abstract: A novel methyl-rich Ti-containing hexagonal mesoporous silica (Ti-HMS) molecular sieve with high
hydrophobicity has been prepared by a two-step method involving co-condensation followed by vapor-phase methyl
grafting. The sample was characterized by XRD, N, adsorption, FTIR, UV-visible and *Si NMR spectroscopies, TG,
ICP-AES, and hydrophilicity measurements, and its catalytic performance was evaluated using the epoxidation of
cyclohexene as a probe reaction. The Ti-HMS material retains a typical mesoporous structure and compared with a
co-condensed Ti-HMS prepared in a one-step method possesses more methyl groups and higher hydrophobicity, and
also exhibits better catalytic activity and selectivity.

Keywords: two-step methyl grafting, high hydrophobicity, methyl-rich, Ti-HMS, epoxidation of cyclohexene

1071



	新型高疏水性富含甲基Ti-HMS介孔分子筛的制备、表征和催化性能
	李学峰①*, 许志红①, 高焕新②, 陈庆龄② 
	1  引言
	2  实验部分
	2.1  Ti-Me-HMS的直接合成[2, 11, 14]
	2.2  Ti-Me-HMS的气相甲基接枝[7, 9, 13, 15]
	2.3  表征
	2.4  催化性能测试

	3  结果与讨论
	3.1  XRD结果
	3.2  N2吸附实验
	3.3  电镜(SEM和TEM)测试
	3.4  FTIR表征
	3.5  29Si CP/MAS NMR表征
	3.6  热重分析(TG-DTG)
	3.7  亲水性测定
	3.8  元素分析(ICP-AES)
	3.9  DR UV-vis表征
	3.10  催化性能

	4  结论


	Preparation, characterization, and catalytic performance of a novel methyl-rich Ti-HMS mesoporous molecular sieve with high hydrophobicity
	LI XueFeng1, XU ZhiHong1, GAO HuanXin2 & CHEN QingLing2


