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Synthesis, Characterization and Catalytic Performance of Heteroatomic V-Ni-8 Zeolite

ZHANG Min  GAO Bing-Ying HE Hong-Yun™
(College of Chemistry and Chemical Engineering, Hunan Normal University, Changsha 410081, China)

Abstract: V-Ni8 zeolite was hydrothermally synthesized in a Si0,-NiO-V,0s-(TEA),0-H,0-NH,F system. The
structure and chemical composition of the products were characterized by X-ray diffraction, infrared spectroscopy,
UV-Vis diffuse reflectance spectroscopy, thermogravimetry-differential thermal analysis, scanning electron
microscopy, and inductively coupled plasma-atomic emission spectrometry. The factors affecting the synthesis of
V-Ni-B zeolite were investigated. The results indicate that the well-crystallized V-Ni-8 zeolite can be synthesized
from the precursor with the Si0,:NiO:V,05:(TEA),O:H,O:NH,F(molar ratio) of 60:(0.25~4.0):(0.125~2.0):(16~18):
(500~650):(30~40), and the V and Ni atoms present in the framework of the zeolite. The as-synthesized V-Ni-8
zeolite shows excellent catalytic activity in the oxidation of phenylethylene using H,0, as the oxidant. The

phenylethylene conversion is 63.7%. The selectivity for benzaldehyde is 80.2%.

Key words: V-Ni-8 zeolite; hydrothermal synthesis; benzaldehyde
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Fig.1 XRD patterns of V-Ni-8 zeolite samples
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Fig.2 FTIR spectra of V-Ni-8 zeolite samples
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Tablel Influence of ng ‘ny, ny o, ratio on synthesis of V-Ni-f zeolite

Molar ratio for initial mixture

No phase
150, o My,0, M0 0 i
1 60:0.1:0.05:18:600:30 B+Mixed crystal
2 60:0.25:0.125:18:600:30 B
3 60:1.0:0.5:18:600:30 B
4 60:2.0:1.0:18:600:30 B
5 60:2.5:1.25:18:600:30 B
6 60:4.0:2.0:18:600:30 B
£ 2 ngo Mo X VNI BE S B HOHM
Table 2 Influence of ng, 1y, o ratio on synthesis of V-Ni-8 zeolite
Molar ratio for initial mixture
No o o phase
Mo, Mty My 0, Mrpa,0 it o Mg ¢
1 60:1.0:0.5:12:600:30 gel
2 60:1.0:0.5:14:600:30 B+Mixed crystal
3 60:1.0:0.5:16:600:30 B
4 60:1.0:0.5:18:600:30 B

223 ngg s LHIEE

NH.F A 465, %F V-Ni-8 W41 0 5 Ak 32 25k
WEILER, — B4 mfEN, R FE 15
5 Ni MV IE B A Y, 4R 5 1ok
AR, A A B o R R A A
W) FERRPEAR 2 Ni2 %5 50 JE B Ni(OH), ULTE , V4%
GBI VO, AR TIX L4 8 Bk A b 48,
=P LA

MR 3 ATHLFE 60Si051.0Ni0:0.5V,0518(TEA),0:
600H0:aNH,F /R & HA x=30 B, A fe G il
W% R F V-NiB Wb A NH,F BT L & i B4R e
R V-NiB Wk A (H & NHF &2 BofE i 4 | [H
sk DA T WA 5 T 25 0 2 A i NHLF
224 ngony LI

MR 4 AT, SOWTR G W v 7K i 2 2 2 B2 i WL
ZJFF V-NiB Wi A1 i i — N E B KA



B

BB VNI W B A A K AL A 2359

3 g e B V-Nip B H & BB

Table 3 Influence of ng, ‘ny;  ratio on synthesis of V-Ni-f zeolite

Molar ratio for initial mixture

No phase
R0, Mo "My, 0, Mg, 0 M0 M,
1 60:1.0:0.5:18:600:20 gel
2 60:1.0:0.5:18:600:25 B+Mixed crystal
3 60:1.0:0.5:18:600:30 B
4 60:1.0:0.5:18:600:35 B
5 60:1.0:0.5:18:600:40 B

ANEA TR 5 2 23 00 5 i AR5 T S B 4k 5, K
WHIESH R, 57 FR % e 7k A ke
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A,

F A ngeiny o LI V-NiBH T A H 0

Table 4 Influence of ng, ‘ny o ratio on synthesis of V-Ni-3 zeolite

Molar ratio for initial mixture

No

phase

700, Thio T, 0, T, 0 Ui, 0 TUNH, F

B Y S

60:1.0:0.5:18:45:30
60:1.0:0.5:18:500:30
60:1.0:0.5:18:600:30
60:1.0:0.5:18:650:30
60:1.0:0.5:18:700:30
60:1.0:0.5:18:800:30

B+Mixed crystal
B
B

B
B+Mixed crystal
B+Mixed crystal

60:1.0:0.5:18:900:30 gel
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Fig.6 XRD patterns of crystallized products at different

crystallization time
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Table 5 Influence of different amount of heteroatom on V-Ni8 zeolite on the oxidation of phenylethylene

Catalytic material KXoncrcn, / Selectivity / %
V-Ni8 % PhCHO PhCH,CHO PhCOMe others
ns/ (ny+ny)=120 2.8 73.9 1.9 5.2 19.0
ns/ (nyv+ny)=60 5.6 73.6 2.8 49 17.8
ns/(nyv+ny)=30 9.5 74.3 2.6 5.8 17.3
ns/(nv+ny)=20 13.8 75.6 33 42 16.9
ns/(nv+ny)=15 24.5 784 3.7 5.0 12.9
ns/(nvtny)=12 36.9 78.9 34 5.5 12.2
ns/(nyv+ny)=10 63.7 80.2 2.6 5.6 11.6
ns/(nv+ny)=7.5 524 76.1 2.8 49 16.2
Reaction conditions : Vi 0. /Vicici, =28, V oione/Vinciicen, = 7.5,

m, Vienecin,=0.035 g-mL™, T=60 °C, 1=6 h, Solvent: acetone

e ng/(ny+ny)=10 1 V-Ni-8 7> ¥ i i b , %
BT AHEALR X R S A OB B SR, 3R 6
A LAE | B AR FH B 35, 2R 20 09 e AR
il 22 386 O G5 PR AT e e A 50 T 4 K B 4
fol TR BB A SR T AL IS M b0 | A — S IR

WR O A S dit Sk R s K 3 ./
Vnereen, =0.035 g-mL i XoF 4 2065 F) e A 552 i) L
i, EL A PP RS 1) BB 3 PR AR A A T BT LA R 7))
HRJH 0.035 g ml™,

Ko EUFAEXNEZEEULBHZMN
Table 6 Effect of catalyst amount on the oxidation of phenylethylene

M Vipcniccn, / Xencr-cn, / Selectivity / %

(g-mL™) % PhCHO PhCH,CHO PhCOMe others
0.01 7.5 73.2 53 9.5 12.0
0.02 34.1 72.4 4.2 8.0 15.4
0.03 57.2 82.1 29 6.3 8.7
0.035 60.7 80.5 2.8 5.7 11.0
0.04 594 82.1 33 6.7 7.9
0.05 60.2 79.3 35 6.3 10.9

Reaction conditions : Vi o /Vicieci, =2-8, Voone/Vincneen, =7.5 s cat: ng/(ny +ny)=10, T=60 °C, 1=6 h, Solvent: acetone
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Table 7 Effect of H;O, amount on the oxidation of phenylethylene
Selectivity / %
Vio/Vincnecn, Xoncrecn, | % ’

PhCHO PhCH,CHO PhCOMe others
1.6 26.1 77.2 2.3 7.3 13.2
2.0 36.0 77.4 2.6 6.9 13.1
2.2 42.5 77.0 2.7 7.2 13.1
2.4 48.2 76.3 3.0 8.1 12.6
2.6 58.6 76.7 3.6 6.2 13.5
2.8 62.6 80.4 2.1 4.0 13.5
3.0 67.8 76.2 2.0 4.7 17.1

Reaction conditions: cat: ne/(nytn)=10, m,/V e =0.035 g+ml",
V e Vincinccn,=7.5, T=60 C, 1=6 h, Solvent: acetone

R8 ENEBEMEZHANLBIZIM

Table 8 Effect of reaction temperature on the oxidation of phenylethylene

KXonen=an, / Selectivity / %
T/C i
% PhCHO PhCH,CHO PhCOMe others
60 61.5 83.9 2.6 53 8.2
70 62.6 78.1. 2.9 4.8 14.2
80 64.2 76.7 3.5 6.2 13.6
90 53.1 74.4 3.2 4.7 17.7

Reaction conditions: cat: ng/(ny+nx)=10, me/Viycien,=0.035 g-mL™, Vi o /Vicnen,=2.8,

V cane!Vinciicen, =7.5, 1=6 h, Solvent: acetone

®9 REMEBEXNEZEALIHME
Table 9 Effect of reaction time on the oxidation of phenylethylene

b Xoncrrecn, / Selectivity / %
% PhCHO PhCH,CHO PhCOMe others
4 48.0 74.1 2.2 7.0 16.7
5 51.1 80.8. 2.1 5.9 11.2
6 59.7 82.4 2.8 4.3 16.1
7 60.3. 79.8 1.9 4.7 13.6
8 61.2 76.6 1.6 4.9 16.9

Reaction conditions: cat: ns/(ny+nx)=10, meVicioen,=0.035 g-mL™, Vi o /Vicien,=2-8,

V cetome!Vinciicen,=7.5, T=60 °C, Solvent: acetone

1
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TGA .UV-Vis Fl ICP 45 BEAC M 8 T Be Il 3k 45 SR %

W, B ik 41 B BEA #hah 4 v Al Ni P Fh 4%
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O AR RN A B AR TE Y MR LIRS
H,0, FARFRLE S 1:2.8, AR 55 28 20 9 o 2 A AR
M 0.035 g-mL, LADS R M 59 | OB B 60 °C,
SNEEFTA] 6 h B | 2 0 1 B A S5 R OR: R R ) a2
PES BRI 63.7%F1 80.2%
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