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Synthesis, Characterization and Catalytic Performance of Heteroatomic Cu-3 Zeolite

ZHANG Min XIAO Zhi-Wen HE Hong-Yun™
(Key Laboratory of Chemical Biology and Traditional Chinese Medicine Research(MOE),
Hunan Normal University, Changsha 410081, China)

Abstract: Cu-B zeolite was hydrothermally synthesized in a Si0,-CuO-(TEA),O-H,0-NH,F system. The structure
and chemical composition of the products were determined by X-ray diffraction, infrared spectroscopy, UV-Vis
diffuse reflection spectroscopy, thermogravimetry-differential thermal analysis, scanning electron microscopy, and
inductively coupled plasma-atomic emission spectrometry. The factors affecting the synthesis of Cu-8 zeolite were
investigated. The results indicate that the well-crystallized Cu- zeolite can be synthesized from the precursor with
the Si0,:CuO:TEA),O:H,0:NH,F molar ratio of 60:(0.5~5.0):(16~18):(550~650):(25~50), and the Cu atoms present
in the framework of the zeolite. The as-synthesized Cu-B zeolite at ng/ng,=30 shows excellent catalytic activity in

the oxidation of the hydroxylation of phenol using H,0, as the oxidant. The phenol conversion is 25.1%. The
selectivity for catechol(CAT) and hydroquinone(HQ) are 63.9% and 32.5%, respectively.
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Table 1 Influence of molar ratio in the initial reaction mixture on synthesis of Cu-8 zeolite

Molar ratio for initial mixture

No. Phase
Nsi0, Mo ey, 0 M, 0 i, p

1 60:0.2:18:600:30 B+Mixed crystal
2 60:0.5:18:600:30 B

3 60:1.0:18:600:30 B

4 60:2.0:18:600:30 B

5 60:3.0:18:600:30 B

6 60:4.0:18:600:30 B

7 60:5.0:18:600:30 B

8 60:6.0:18:600:30 gel

9 60:1.0:15:600:30 gel

10 60:1.0:16:600:30 B

11 60:1.0:17:600:30 B

12 60:1.0:18:600:20 gel

13 60:1.0:18:600:25 B

14 60:1.0:18:600:40 B

15 60:1.0:18:600:50 B

16 60:1.0:18:500:30 B+Mixed crystal
17 60:1.0:18:550:30 B

18 60:1.0:18:650:30 B

19 60:1.0:18:700:30 B+Mixed crystal
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Fig.1 XRD patterns of Cu-B3 zeolite at different
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Fig.2  Crystallization curves of Cu-8 zeolite
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Table 2 Content of the heteroatoms in the Cu-f zeolite at variable crystallization time

Time of crystallization / d Cu/ %
9 0.83
10 1.17
1 1.25
12 124
13 1.22
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Table 3 Unit cell parameters of Cu-f(n) zeolite samples

Sample ns/ne, for initial mixture a/ nm b/ nm ¢/ nm V / nm?

AlB ns/ny=25 1.2416 1.2416 2.6500 4.0847

Cu-B(15) 15 1.2476 1.2476 2.6856 4.1805
Cu-B(20) 20 1.2470 1.2470 2.660 1 4.1426
Cu-B(30) 30 1.2437 1.2437 2.6555 4.1074
Cu-B(40) 40 1.2420 1.2420 2.6512 4.0899
Cu-B(120) 120 1.2375 1.2375 2.6403 4.0432
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Fig.4 FTIR spectra of the Cu-B(30) and Al zeolite

samples
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Table 4 Influence of Cu amount on the hydroxylation of phenol®

Product Distribution / %

Catalyst Phenol Conv. / %
x(CAT)" ©(HQ) x(Q)
AlB 7.1 54.9 36.2 8.9
CuB(120) 12.2 58.1 329 9.0
Cu-B(60) 18.7 62.5 34.6 29
Cu-B(40) 224 65.4 323 23
Cu-8(30) 25.1 63.9 325 3.6
Cu-8(20) 24.9 65.0 31.2 3.8
Cu-8(15) 24.5 59.8 34.8 54

*: Reaction conditions: M/ Mumena=1/20, my,,  /myy 0 =0.6 1y g o, =2, T=80 °C, 1=6 h;

" CAT=Catechol, HQ=Hydroquione, Q=Quinone
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