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Synthesis, Characterization and Catalytic Behavior of Bihetero-atom Ti-V-3 Zeolite

LI Yan-Feng YU Ling HE Zhen HE Hong-Yun™
(Key Laboratory of Chemical Biology and Traditional Chinese Medicine Research, Ministry of Education,
Hunan Normal University, Changsha 410081)

Abstract: Ti-V-f zeolite has been hydrothermally synthesized using fumed silica (Si0,) as the silica source , tetraethyl
ammonium hydroxide (TEAOH) as the template , titanium sulfate as the titanium source ,metavanadic acid ammonium
as the Vanadium source and sodium fluoride(NaF) as the mineral agent. The effects of various factors on the synthesis of
Ti-V-B zeolite have been investigated. The samples synthesized have been characterized by ICP, XRD, IR, TG/DTA,
SEM/EDS and UV-Visible diffuse reflectance spectroscopy to evaluate the structure of the products and measure the
contents of vanadium and titanium. The experimental results indicate that Ti-V-f zeolite can be synthesized from the
original mixture with the molar ratio of n(Si0,):1(V,0s):n(TiOy):n[(TEA),O]:n(H,0):n(NaF)=60:(0.05~1.2):(0.1~2.4):
(12~18):(450~720):(4~14), and the Ti and V atoms present in the framework of the zeolite. The catalytic behavior of
Ti-V-B zeolite in oxidation of styrene using H,0,as the oxidant has also been explored. The results have shown that
Ti-V-B zeolites have high catalytic activity. The conversion of styrene is 98.16% under the following reaction
conditions: 80 °C, 6 h, V (H,0,)/V (styrene)=2.6, V (acetone)/V (styrene)=10, m(cat)/V (styrene)=0.003 g -mlL~". The
selectivity for the products is phCHO 68.15%, phCH,CHO 23.35% and phCOMe 6.61% respectively.

Key words: hydrothermal synthesis; zeolite; styrene; oxidation

AR AT R K A )i 5 ABh A 2e, Al RIEFA, TSRS FERAEE LTI
TEbACH IR AL R R e, R R B R B o BORAS , RN RS 7R A 0 4 R 4
R F 0 % T SR AR B O RE BT B0 AR BT O AL R S . LR T B W

WeHE B #1.2007-08-31, W& sl H 11 .2007-11-23,

WIEE 2 A SR Bl 25 3 4 % B (No.07B0174)

“iIREE R A, E-mail :hhyl1956@163.com

WA R L 28 % MG A BFSE O ) JCHLA AR,




118 Jd Hl fk

A 24 %

A7 T 5 0k 832 B AT 0G| Ti-B 1, Sn-B 1Y,
Mo-Bl, Fe-B", V-BIMAE Y & AR 4k A L , 75 4% 5+
WA 4 ZSM-5 TS-1 55 48 2% O — Tl 2% it g 3L
T T s Tl A ) B A 4 A i E O R R AR A
i) 2% J PR RE 0 25 5 5 T AN | K TE TR TR A 3
U 4 I8 B IR SRk A T AR Rk BT A XL
B I -l A1, T AR A AR FLIE P AR WT R AL
B B AMiE AR PR BE 08T BLAE AL AR (B3 H TR Ik
WA T B kA 1A R W ARGE | o T IR0 B WA
(R BIF 5 SRR | AR SOXE XU SR B W A1 A RSk AR ik
T TRV, I Lhad Ak SRR S AR T SO0
VI %58 T WAREF B Wb A AL TE P

1 SLIGERS

1.1 & #

e 2 (A AR Tk 9%, & i 99.9%, ik FH AL
TRy ARAR), MLFRE AR, FEALDT
98.0% ,dt 5t b7 I B & 22 kH) ) R EK (AR, , W 32 41
BT ), RO (CR., & it 99.9% , H 254 K1k
2R RS A i A AR E(ALR., 30% , 1 R IR Ak
20 R RN FL), TR (ALR. W9 R I R Ak 2= Sk &
JEA T, FALEN (AR, BEE KV T AE KR 2E 50 )
— 7, WIS E A (T g, & TEAOH Jit &2 47
B 219% , W FE KA AR A R |, 25 81K (1
T U YK 2 v 4K i 45 )

1.2 KIS

Y-2000 B X SR AT S (P AR B de B AR A
PR w]), A S AR A58 A iU 30 kv, B LU 20
mA , K H] Cu K 4855 ,1=0.154 18 nm, B UEW | 1E b
THECER | IE LU 28 O BURM IR Bl | 3% S S
20.4°~40°, A H L 4°-min'; NICOLET-Avatar370
RULT AN IS A (3 1), KBr JE R 5 A0 ek 7 22 1 B — i
M 7€ 2 E BECKMAN COULTER SA3100 Surface
Avea Analyer F 2l MBI 5E AL B 3EAT , AR 5D 222 0
=5 2 h, WOB -G REE R BE S8 77 K;NETZSCH-
STA409PC T BT AL (TE ), 0, U4 ; Sirion200 &
SRR (FELA R, TAEHE .5 kV,GENESIS
60S(3 El EDAX Inc.”s Al); Agilent-1100 755 45 i #H €5
TEAL (3& 1) ; Hitachi U-3310 AN AT WLOETEAL (H
A AEP AL 200~780 nm I AR H] @150 mm FL53
Bk LA S A J7 SO0 E FE ALY UV-Vis 8 5%
(DRS); Perkin-Elmer Optima 3300 DV ICP JT % 4 #
IXEEH),

1.3 MFEEF Ti-V-g HFEBEHK

XU I Ti-V-B Wl A7 196 iR K #: | B
Y4 LLR ) T S BE EE o (Si05) 0 (V,05) in (TiO,) -
n[(TEA),0]:n (H,0) :n (NaF) =60:(0.05 ~1.2) :(0.1 ~2.4) :
(12~18):(450~720):(4~14), S&¥ NH,VO, Fil Ti(SO.),
A, [F A TEAOH WK, WO 25 g 4
2 h A b SRS TESR B e T G218 A B 2R 4kt
PibE 2 b DL EJE I A SUAL R W, PR D B 2~
3 h, FEA5 2 0 37 W] 2450 1V S e AR DU 9L & Js A T
MIANE  F48 T 76 140 CAlfb 12 d, U B R
& RHERR, Hm s 00588, 50
VU, BV T, 100 C TR 4 h, 15 3
Z R Ti-V-B WA A B AR TE 1.0 mol - L
NHLAC %W 1~2 d, T RERR 25 k-5 426k R
BL,FET 550 CE AR BE 4 b BR ZBIRRGR | 15 3
Ti-V-B A7 7310 A AL AL
1.4 Ti-V-g #AKELEETEN

DL 20 S8 AR SO HR T SO | ) 20 75 %% Ti-
V-B A1 3 T i AL RE L 30% 13 A AL EUK
WA E AT DR R R R 2 A A S R A R
JE,80 CF £ —BeAT TH iR /K, 913 ¥ 20 F e 1 43
P 2 Y RSB R #E AT, RN W 4 B R
Agilent-1100 = & W& A8 €4 3% {3 17 53 BT, Eclipse
XRB-C1899(4.6 mmx250 mm,5 wm, F B 5 7K 1 14
R S220/80 , K5 % 424 254 nm,

2 BRSUE

21 HMWEEF Ti-V-p A EHHWEZR

2.1.1  n(Si0)/n(Ti0) n(Si0)/n(V,0s) L HI 5

®1HET n(Si0,)/n(Ti0,) ,n(Si0,)/n(V,0s) [§®0)
X2 T Ti-V-B b A dh AL i 2w, n] LU | 2B

&1 n(Si0)/n(Ti0,) n(Si0,)/n(V,0s) Lt 3 Ti-V-

R ER= gk
Table 1 Influence of r(Si0,)/n(Ti0,) n(Si0)/n(V,0s)
ratio on synthesis of Ti-V-f3 zeolite

Molar ratio for initial mixture

No. ase
n(Si0,):n(Ti0,):n(V,0s):n[(TEA),O]:n(H,0):n(NaF)
1 60:0.06:0.03:18:450:10 gel
2 60:0.1:0.05:18:450:10 B
3 60:1.0:0.5:18:450:10 B
4 60:1.5:0.75:18:450:10 B
5 60:2.0:1.0:18:450:10 B
6 60:2.4:1.2:18:450:10 B
7 60:3.0:1.5:18:450:10 gel
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Table 2 Influence of n(SiO,)/n[(TEA),O] ratio on
synthesis of Ti-V-f3 zeolite

Molar ratio for initial mixture

No. Phase
n(S10,):n(Ti0,):n(V,05):n[(TEA)O]:n(H,0):n(NakF)

1 60:1.0:0.5:10:450:10 gel
2 60:1.0:0.5:11:450:10 gel
3 60:1.0:0.5:12:450:10 B
4 60:1.0:0.5:15:450:10 B

5 60:1.0:0.5:16:450:10 B
[§ 60:1.0:0.5:18:450:10 B
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Table 3 Influence of n(SiO,)/n(H,0) ratio on
synthesis of Ti-V-f3 zeolite

Molar ratio for initial mixture

No. Phase
n(Si02:n(Ti0,):(V,09:n[(TEA),On(H,0):n(NaF)

1 60:1.0:0.5:18:420:10 Gel

2 60:1.0:0.5:18:450:10 B

3 60:1.0:0.5:18:660:10 B

4 60:1.0:0.5:18:720:10 B

5 60:1.0:0.5:18:840:10 B+Mixed crystal
6 60:1.0:0.5:18:900:10 B+Mixed crystal
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Table 4 Influence of SiOy/NaF ratio on synthesis of
Ti-V-B zeolite

Molar ratio for initial mixture

No. Phase
n(Si10,):n(Ti0,):n(V,05):n[(TEA)O]:n(H,0):n(NaF)
1 60:1.0:0.5:18:450:3.5 gel
2 60:1.0:0.5:18:450:4 B
3 60:1.0:0.5:18:450:6 B
4 60:1.0:0.5:18:450:12 B
5 60:1.0:0.5:18:450:14 B
6 60:1.0:0.5:18:450:15 B+Mixed crystal
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Table 5 Parameters of unit cell of Ti-V-f zeolite(a=p=y=90°)

Sample n(Si) / n(V+Ti) of initial mixture a/ nm b / nm ¢/ nm V / nm?

B 1.2439 1.2439 2.6556 4.1092

Ti-V-B 120 1.2337 1.2337 2.6501 4.0239

Ti-V-B 60 1.2346 1.2346 2.6504 4.0403

Ti-V-B 40 1.2349 1.2349 2.6503 4.0440

Ti-V-B 30 1.2353 1.2353 2.6428 4.0457

Ti-V-B 25 1.2357 1.2357 2.6434 4.0458

Ti-V-B 20 1.2388 1.2388 2.6492 4.0468
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Table 6 amount analyse of heteroatom of Ti-V-3
zeolite at variable crystallization time

Time of crystallization / d Ti/ % V /%
7 0.27 0.06
9 0.74 0.12
11 1.14 0.26
13 1.02 0.25

224 AfL&R5HHT

M 4 AT Ti-V-B Wk A 1Y T L AL AR S 7R
0.67 nm A 47, L& 50 A 4] )@ T AL A Bt i ik
Ti-V-B WA FF i B N, W B -6 BRE 45 i £k () 3 5575
F| Y BET & m fL2h 428 m?-g',BJH fL & N
0.54 cm*-g™,

0.67 nm

Pore volume / (mL - g™")

__

T T T

T T
0.5 1.0 1.5 2.0 2.5
Pore diameter / nm

4 Ti-V-B Wb LA 43 A 2R
Fig.4  Pore size distribution curve of Ti-V-f zeolite
22,5 LAMERET
B 5 J& Al-B A1 Ti-V-B b A B df 195 2R PR sh 21

AL-B
£l
< .
E Ti-V-f
g
B
g
g
-
=

960
1 1 1 1

1 400 1200 1000 800 600 400

Wavenumber / cm™!
K5 Ti-V-B Wb A LM
Fig.5 IR spectra of Ti-V-$ zeolite

SROGIEAR) B, FTLAE BT 5 AR AL, AN A 1
S Ti-V-B ¥ A1 FE L 7E 29 960 em™ b 3 — B 4241
ARSI £T 4 960 em™ I IR I FE Ti-BHIEE V-BE
53 F- 0 2 8 Tk A B 2R 0,-Si-0-T(T=Ti, V)%
AR 35 X2 T RV R 2E A 5 0 B 42
A —AN T, 20N ETESE R AR W], Ti MV 7 Ti-
V-B G- Ak TR AR

22.6  [EARSESMNE KRGS 53 A

Kl 6 %4t T V,05.TiO, Al-B ¥ A1 Al Ti-V-B i
A1 B[R4 ZE A0 AT DLIE S OGRS IR, Ti-V-B A 4
TE2) 212 nm 283 nm 348 nm KA H FERE, H4l
1) V,05 F TiO, 191 Wi B AN [6] | ALB ik A FE I
T8 R A MO | AT SCHER A 220 nm BRI IR
W & B A O—TilV)Y p—d L BRAE 77 A= (e
283 nm 1 348 nm Ak 1Y W WO I 43 51 S5 2R BV Y
DA B A Y L BR A CRY 7E 400~600 nm [H] T
WSty B 26 B ARE S b e AR B R L (V,05 SFTE L),
Mt B — PR S ) 245 TV B E A Ti-V-B
WA ER, XAERG R B WA 3,

Intensity (a.u.)

1 1 1 1 1
200 300 400 500 600 700
Wavelength / nm

K6 Ti-V-B B A7 ) [ 1458 Sh/mT DL it 52 58 5l 1% 141
Fig.6  UV-vis diffuse reflectance spectra of Ti-V-B zeolite



122 koMl e

A

24 %

2.2.7 2N

7 4 Ti-V-B b A A 5 7R ST I 22y
TN 5 SCERIRE 1) AL-B Wh A HREY AE
100 CZEATA AW | IR 2 43 i A1 2 1 1 W%
P (K) BB 5 1R 1 5 E 264 °CAE AT I W IS 0 1T RE 2 FL
TE PN R 3 BB ) 6 B BEE 40 5 RS 1Y 7E 200~700
CZIE BT AR 3 AR | AT i 05 ) 43l
e B AN TG R T B AR kA L TE i AR A
TEAOH %Ak 73 il i 3, 3k — 840 M 0 5 i 2R AN 77
TEMEAERT, 25 5 A A i 5 55 A O 2 -4 1
ZRAA LA Y TEAPH 85 09 S04k 40 A i 350, 56 = Ak
RIS HT YR Ie , R TESLIE T A A DL —
A A i B8R AR A 1 0 1) E — 20 R e o
IR EZT T #E 600~700 °CZ [H] Hi 3 — > T 4
W FTRE S E AR 2 L AR Z AR Ti-V-B W
A1 B 5 A TR IR ) AR T S, R
T TV R, HE AR 7R R ER,
0 HLar % BE AR /N | 5 TEABH B (4 A8 B AR A

105 3 1.2
100 1.0
95
10.8 5
« 80r E
< 0.6 ©
FED 85 + =
= o
= 80| 043
75 + 0.2 {
or 0.0
65 |
2

1 I 1 1 1 1 I 0
100 200 300 400 500 600 700
T/°C
Bl 7 Ti-V-B WA ) 25 AT 347 1 4%
Fig.7 TG and DTA curves of Ti-V-B zeolite

55,8 TEAFH B 7 35 5 Ak, 5 300 A ilciig
K T [ 8 21 TG-DTA B3R Ti-V-B 7+
7 B AR AR E PR R AT,

2.2.8 SEM+EDS 143t

Ti-V-B WA i B I DL 8, AT W% F
s R T T ORI/ N A TR AR BN | A e A
ST T Y BAETE  FE S R A FRATTXS AR n(Siyin
(Ti+V)) 1H Ti-V-B ¥ A7 0942485 v 86 8 04T Lo A &
B, Bl % T i RN, R

pot Magn Det WD p—————— 1m
53 Csu

AccV  Spo
5.00kV 4.0 30000x SE

K8 Ti-V-B ¥k i 48 B B A

Fig.8 SEM of Ti-V-B zeolite with variable (Si/M)ratios

3 NAE n(Siyn(M)B Ti-V-B ¥ 41 EDS B 73 By
S RGN TR 7, BEE V)G BERE T n(Si)/n(Ti+V) B3
K7 b n(Si)/n(Tis V)W R B GG EE R n(Si)/
n(Ti+V)/N T 20 BF 7 5t P (Siy/n(Ti+ V)3 KR | JL
AN (AR IR 3 MRS Y TV TR S i
FOARAR S, WA RO TR LOT R 2 101,13
P R B T 1 LU AR 201 IR B T v
B ARER Tiv K AR AR A DY A T Si-0-V B A
IR R U B AR A 2480 i 36 7 S5

x7 Ti-V-B HAWEBRS T
Table 7 Composition analyse of Ti-V-f3 zeolite

Initial mixture Product
N n(Si) / n(Ti)  n(Si) / n(V) n(Si)/ n(Ti+V) Si% Ti% V% n(Si) / n(Ti)  n(Si) / n(V) n(Si)/ n(Ti+V)
1 30 30 15 28.12 0.31 0.14 90 201 62.5
2 40 40 20 28.41 0.31 0.12 91.6 236 65
3 60 60 30 29.37 0.25 0.14 119 213 75

2.3 Ti-V-B #AXNEZHHELERE
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Table 8 Oxidation of styrene over variable n(Si)/n(Ti+V) ratios in Ti-V-f zeolite with H,O,

X(PHCH=CH,) / %

Selectivity / %

Catalytic material

phCHO phCH,CHO phCOMe others
B or none 14.97 66.42 20.18 6.68 6.68
Ti-V-B(n(Si) / n(M)=60) 86.91 63.35 23.46 5.03 8.15
Ti-V-B(n(Si) / n(M)=40) 97.90 57.29 26.58 6.45 9.66
Ti-V-B(n(Si) / n(M)=30) 98.16 68.15 2335 6.61 487

Reaction conditions: V(H,0,)/V(phCH=CH,)=2.6, V(acetone)/V(phCH=CH,)=10, m(cat)/V (phCH=CH,)=0.003 g-mL", 7=80 °C, t=6 h
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